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ABSTRACT

Annual production of crustacean plankton, benthic nacroinverte-
brates and fish was estimated in six alpine and subalpine |akes in Banff
Nat i onal Park, Al berta, to determne |levels of secondary production |ike-
ly to be encountered in Canadian Rocky Muntain |akes, and to identify
whi ch taxonomic groups are nost productive. The six |akes chosen for
study are representative of many Canadian Rocky Muntain |akes with res-
pect to several inportant physical, chenmical 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. Pr oduc-
tion was calculated by the Pechen-Shushkina met hod, a nodification of

southwood's nethod for calculating nunbers passing through an instar, or

the Allen Curve nethod (crustacean plankton); or was estimated from nean
bi omass data by using production-to-bionmass rati os per generation ob-
tained from a review of the literature (benthic invertebrates). Pot en-

tial production of trout was calculated from estimates of food production
and estimates of the food requirenents of nodel trout populations calcu-
lated by using Wnberg's "balanced equation".

Total annual production of crustacean plankton ranged from 60 to

-3 . -2 '

1460 ng m dry weight (420 to 3240 nmg m ). Differences anong the | akes
were attributable primarily to differences in Daphnia producti on.

Annual production of benthic macro invertebrates ranged from 5.0 t.o

26.9 g m?

preserved wet weight for nonpredaceous species. Producti on
by predators was 33 to 54% of nonpredator production in the two |owest-

el evation |akes, and was near zero in the remaining four |akes. Chi r ono-

m ds conprised nost of the benthic nacroinvertebrate production (60 to
iii



77% in four |akes, and were the single nmpbst productive taxonomc group
in another. Amphi pod production was substanti al in three |akes, consti-
tuting 18 to 73% of total benthic macroinvertebrate producti on. Differ-

ences in benthic nacro invertebrate production anmobng the six |akes were

attributable nostly to differences in bionass.
In the two |owest-elevation | akes, crustacean plankton production
was nore than three times benthic invertebrate production, but in the

remaining four |akes production by crustacean plankton was the sane as,
to less than one-quarter of, benthic nmacroinvertebrate producti on. Estim
ates of crustacean plankton and benthic nmacroinvertebrate production in
most of the study l|akes are simlar to those published for these groups
in other oligotrophic arctic or nountain |akes, and are much |ower than
published estimates for nobst mesotrophic or eutrophic | akes. Producti on
of crustacean plankton in one lake could be termed noderately high.

Pl anktonic crustaceans conprised a volunetrically i mportant part
of the diet of some trout 10 g or less in weight, but were ilninportant
in the diets of npbst larger trout. Benthic invertebrates, particularly
chi ronomi ds, anmphi pods and trichopterans, were the nost inportant foods
of trout generally. Al l ocht honous food was inportant to trout in only
one |lake, conprising less than 10% of the ration in the other five |akes.

Potential production of trout ranged from 3.8 to 23.7 kg ha-I wet
weight, but only in one |ake was production potential clearly greater
than 10 kg ha-l. The estimates of potential trout production in the
study |akes are anpbng the lowes.t reported for Salnmonidae in the liter-
ature, but are conparable to the estimates published for salnonid faunas

in other wunproductive |ake types, suggesting the calculations in this

study are realistic.
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SECTION 1

I NTRODUCTI ON, STUDY AREA AND METHODS

| NTRODUCTI ON

The Rocky Mountains in southern Canada form a band 700 km | ong
and 70 to 110 kmwi de along the Continental Divide between British Colum
bia and Al berta. Wthin this area |lie thousands of |akes of a
variety of types that reflect the climatically and geologically diverse
nature of the surroundi ngs (Northcote and Larkin 1963, Larkin 1974).
The region as a whole is inportant for the recreation and extractive re-
source industries, both of which are to be greatly expanded in the near
future (Parks Canada 1974; Al berta Energy and Natural Resources 1977,
Al berta Recreation, Parks and WIldlife 1978). The |akes are one of the
nmost  inportant recreational resources of the region and are likely to be
strongly affected by expansion in either type of industry.

The Rocky Mountain |akes are also a valuable research
resource. Al pine and subalpine |akes tend to have sinpler conmuniti esl
than do lakes at |ower elevations (Anderson 1974a), providing opportuni-
ties to analyze community and ecosysten? processes that in nmore conplex
situations would be nearly inconprehensible. In addition, the renote-
ness of sone mountain |akes has protected them from human nanipul ation,
maki ng them useful benchmarks against which the effects of human activi-

ties on other simlar |akes can be neasured.

1 Any group of interacting popul ations (Ricklefs 1973:590)

2 A comunity and its environment in which there is a transfer
of energy and matter (Wittaker 1975:2)



Most studies touching on the limology of Canadian Rocky Mbountain
| akes have been |imol ogical, floral or faunal surveys over |arge geo-
graphical areas, only a few of the investigations dealing wth Rocky
Mountain | akes extensively (e.g., Bajkov 1927, 1929; Bere 1929; Neave
1929a and b; Neave and Bajkov 1929; Wallis 19291 Rawson 1942, 1953; Reed
1959; Anderson 1968a, 1971, 1974a; Mdry and Anderson 1977). Sone fish-
ery biology and fishery nmnagement studies have also been published (Raw
son 1940a and b, 1947, 1953; Rawson and Elsey 1950; MHugh 1940, 1941;
Sol man 1950; Cuerrier 1954; Cuerrier and Schultz 1957; Nelson 1965;
Anderson 1975). Studies of |ake dynamics have so far been confined to
only a few subject areas: physical and chenmical Ilimmology (wlcox 1899i
Johnston 1922; Anderson 1968b, 1970ai Brown 1973), benthic fauna devel op-
ment in reservoirs (Nursall 1952; Fillion 1967), plankton comunity dy-
nam cs (Anderson 1967, 1968b, 1970b and c, 1972, 1977; Anderson and
Raasveldt 1974; Anderson and Geen 1975, 1976), and production. In the
latter field a start has been nade on the neasurenent of phyt opl ankt on
and planktonic bacteria production (Fabris 1966i 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).

Pr oduct i on, defined as the total anount of tissue fornmed during

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

the period (lvlev 1945), is part of the process of energy and matter
transfer through ecosystens. Energy and matter are stored as tissue in
organisms as a result of production. VWen the tissue is consunmer, the

contained energy and matter are passed to the consum ng organisns. The



consuners wuse part of the energy and matter to build their
own tissue (production), and are in turn consunmed by yet other organisns.
The greater the production of an organism the nore energy and matter are
available to its consuners. If the production of the organisms in an
ecosystem could be neasured and if it was known which organisnms consune
whi ch, nuch would be known about how the ecosystem functions.

Because of the relative sinplicity of their biological conmuni -

ties nention,~d earlier (p.l), Rocky Muntain |akes are good ecosystens

in which to study secondary producti onl. 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 muntain |akes would permt
a low sanpling frequency to be used. Both conditions would reduce the

extensive data analysis wusually required in secondary production studies.

In addition, a know edge of secondary production in Rocky Mountain |akes

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

the mobst inportant uses of Canadian Rocky Muntain |akes is for sport-

fi shing. Knowi ng the potential trout production of the |akes, biologists
could decide catch limts, and could help to determine the economc value
of the fishery and the restrictions that should be placed on devel opnment

in various watersheds.

As an initial step toward understanding production in Rocky Mun-
tain lakes, it is the objective of this study to estimate secondary pro-
duction in some inmportant communities in a variety of lakes in the region.
Specifically, the objectives are to estimte -

1 Used in the broad sense of Waters (1977:93) to nmean production of
all heterotrophs.



1) production of crustacean plankton,

2) production of benthic nacroinvertebrates, and

3) potential production of trout
in six representative Canadian Rocky Mountain | akes.

The crustacean plankton and benthic macroinvertebrate conmuni ties
were selected for study because they are likely to play an inportant role
in the transfer of energy and matter (Wetzel 1975), there are estab-
lished procedures for studying them (e.g., Edmondson and Wnberg 1971),
and because they are probably the nmpst inportant food sources of trout
in the |akes (Mayhood and Anderson 1976). Potential production of trout
was estimated because of its value in making resource nmanagenent decis-
i ons. The results of the study were expected to show which taxa are the
nmost  inmportant producers in these communities, and what |evels of second-
ary production are to be expected in Canadian Rocky Mountain | akes.

This information would indicate which taxa and what types of |akes would

most profitably be studied in detail.

THE STUDY AREA
| selected six |akes near Lake Louise in Banff National Park for

study because the Lake Louise area offers a variety of nountain |akes

that are accessible by road or a short hike. The area is just two hours
by car from the University |aboratories, and inexpensive acconmpdation
was available on site. The location and sone features of the study area
are illustrated in Figure 1.

Attributes of the CGeneral Study Area

The climte of the Lake Louise area has been sunmarized by Ander-



NWT

) BANFF 3259
= ew\ NATIONAL PTARMIGAN /-
..... \ ceme PARK LAKE
ALBERTA
SASK ®
2682
PIPESTONE
RIVER
J
1-
€.
O
z
2713
o
4 Kkm
MT  TEMPLE
([ ]
3543
Figure 1. Map of the Lake Louise area
showing the locations of the study
| akes. Spot elevations are in
CREEK
metres

CONSOLATION
LOWER

(0 LAKES
UPPER



son (1970a) and Gardner (1968) from weather records for Lake Louise

vi | | age. Addi ti onal data are included in the report by Janz and Storr
(1977) covering all of the contiguous nountain parks. The climte 1is
classified as Dfc in the Koppen system having long, dry winters and
short, cool sunmers. The mean annual tenmperature is -0.2°C, wth mean
daily winter tenperatures usually in the -8 to +4°C range, and nean
daily summer tenperatures usually in the 10 to 20°C range. Tenper ature
extremes are 23 and -53°C (Novenber to April) and 34 and -28°C (May to
Cct ober) . Tenmperatures well above freezing occur frequently in wnter,
reflecting the influence of Chinook w nds. More than 60% of the mean
annual precipitation of 71 cm water equivalent falls as snow. A snow

cover of 1 to 3 mpersists in the valleys for up to six nmonths of the

year .
The geol ogy and geonorphology of the study area have been the
subject of several reports and publications, that of Kucera (1974) being
a good summary account. Precanbrian Mette Goup rocks (slate, pebble
congl oner at e, grits and sone quartzite) wunderlie nost of the Lake Louise

area, outcropping on the forested slopes of the Bow Valley and between
Ptarm gan and Baker Lakes at the Castle Muntain Thrust. Lower Canbrian
Gog Goup quartzites and some shale form the lower slopes of nearly all
the nountains in the area, capping Panorana Ridge on the eastern side of
the Consolation Valley. M ddle Cambrian rocks of the M. Wyte, Cathe-
dral, Stephen and Eldon Formations (mainly linestone and dolonmite) form
the mddle slopes and summits of nmost peaks in the area. The Precam
brian Mette Goup rocks overlie nmuch younger Devonian carbonates in the
northeast corner of the study area at the Castle Muntain Thrust, points

in the study area east of this fault |ying on Devonian bedrock. Quat er -



nary glacial and fluvial deposits cover the floor of the Bow Valley.
The geonorphology is typical of the Rocky Muntain region, being

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

hangi ng vall eys, talus slopes, avalanche slopes, |andslides, | ateral,
termnal and groud noraines, and other glacial and fluvial |andforms
(see map, Kucera 1974). The valley floor at the village of Lake Louise
is about 1500 m above nean sea |evel. At 3543 m Munt Tenple is the

hi ghest point in the region, but many peaks exceed 3050 m particularly
along the Continental Di vi de.

Soils in the study area are primarily podzols, brunisols and
luvisols, the types showing a conplex distribution (Wal ker et az. 1976a).
At high elevations soils are frequently thin and poorly devel oped. Topo-
graphic maps (NTS 82 N8 East) and air photos indicate that a sUbstantial
proportion of the Lake Louise area, perhaps 25% is bare rock, glacial
ice or [EVE.

Forest cover in the Lake Louise area corresponds to the subal pine
forest region of Rowe (1972), in which two subzones can be distinguished.
The |ower subalpine consists of dense, continuous closed-forest st ands
of Engel mann spruce (Picea engeZmannii Parry), |odgepole pine (Pinus
contorta Dougl.) and alpine fir [Abies Zasiocarpa (Hook.) Nutt.]. The
upper subalpine is typically a nmore open forest of Engelmann spruce,
alpine fir and, at the highest elevations, alpine larch (Larix ZyaZZi
Parl.). Treeline in the study area is approximately 1900 m and 2300 m
on north and south-facing slopes, respectively (val ker et aZ. 1976a).

It is marked by patches of krurnrnholz (stunted, knarled and twi sted clunps
of trees), the principal species being alpine fir and alpine |larch. The

treel ess zone above tinberline is the alpine zone.



val ker et aZ. (1976a,b) nmapped landforms, vegetation and soils in
a detailed land classification system that covers rnuch, but not all, of
the study area. Addi ti onal details of the study area features are

covered in depth by them

The Lakes and Their Drainage Basins

I chose Kingfisher, Mud, Morai ne, Lower Consol ation, Baker and
Ptarm gan Lakes for study because they occupy a broad range of altitudes
in the alpine and subalpine =zones, in which nost of the Banff Park |akes
lie. Al are accessible in sumrer by road or a short hike of no nore
than 8 km (Figure 1, Table 1), and all support trout populations, t wo
other factors considered in their selection.

Ki ngfisher Lake lies in drift on the Bow Valley floor. St eep
drift hills enclose it on the north and east except for a gap accomo-
dating the tenporary surface outlet, which shows evidence of being
bl ocked at the |akeshore by an old beaver dam, 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 |ake by tenporary
surface seepage. Mette Goup bedrock wunderlies, and | odgepol e pine
forest covers the entire drainage basin (Table 2), the exact area of
which could not be determ ned because the lake is fed mainly by ground-
wat er .

Mud Lake lies in a depression in fluted ground noraine covered
mainly by open |odgepole forest and underlain by Mette Goup 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

Lake

Ki ngfi sher
Mud
Mor ai ne

Lower
Consol ation

Baker

Pt ar m gan

Uni ver sa

coor di nat es,

Latitude
51° 24' 40" N
5P 26' 30" N
51° 19' 30" N
51° 19' 00" N
51° 29' 30" N
51© 29' 00" N

Transver se

Mer cat or.

el evation and vegetation

Longi t ude
116° 09' 40"
116° 10" 30"
116° 11' o00"
116° 09' o00"
116° 02' 30"
116° 04' 30"

zones of

UM Gid
Ref er ence

|1 U NG

|1 U NG

'l U NG

'l U/ NG

1 U NH

1 U NH

583956

573989

579858

592850

667047

643039

the six lakes selected for study.

El evati on
(neters)

1539
1600

1887

1951
2210

2332

Veget ati on
Zone

| ower subal pi ne
| ower subal pi ne

| ower subal pi ne

upper subal pi ne
treeline

al pi ne

\0



Table 2. Sone attributes of the drainage basins of the six |akes.

Bedrock Conposition (%total area) b Basin Coverage (% total area) a
Drai nage Basin a Canbri an Devoni an Rock
Lake Area (ha) Mette Gog Carbonat es Car bonat es For est Low Plants G aci er
Ki ngfi sher ? 100 100
mud ? 100 100
Mor ai ne 2630 74 26 13 68 19
Lower
Consol ati on 1006 3 78 19 13 66 21
Baker 806 13 41 4 42 10 90
Pt ar m gan 195 85 15 100

@ From National Topographic Service map 82 N8 East, Edition 4 ASE, Series A 741,

suppl emented 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 supplemented by ground observation.
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could not be mnmeasured because the lake is fed mainly by groundwater.

Morai ne Lake is damred 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 nore than 6 km long and 2900 to 3400
m or nore above sea l|level (about 1000 to 1500 m above |ake level) along
the southern and western boundary of the drainage basin. A shoul der of
Mount Babel (3101 m) drops steeply into the west side of the |ake. The
rock-covered and stagnating Wnkchemma G acier at the base of the Ten

Peaks is the source of the largest tributary to Mraine Lake, Wnkchemma

Cr eek. Active hanging glaciers on Munts Fay and Bowlen, two of the Ten
Peaks, contribute sone neltwater, with nost of the remmining 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 m) and Pinnacle Mountain
(3067 m, which mark the northern and western drainage basin boundary.
Most of the bedrock in the drainage basin is Gog Goup quartzite. Near -
ly 90% of the drainage basin is bare rock, low plants or glacier ice,
even though the lake itself is in the |ower subalpine zone (Table 2).
The Consolation Lakes lie in a narrow glaciated valley between
Mount Babel on the west and Panorama Ridge (2824 nm) on the east. Mount
Quadra (3173 n) and Bident Muntain (3078 m close off the head of the
valley on the south except for 2469-m Consolation Pass and a narrow
2408-m pass leading to Taylor Lake to the southeast. A rock-covered
glacier on the valley floor above the upper lake is fed by a spectacul ar
hanging glacier on Bident and Quadra. The |akes are separated by debris

of large angular stone blocks, but are connected through this |eaky dam
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by subsurface water flow Large aval anche slopes open onto the |akes
from Panorama Ridge, and debris slopes form the entire west shoreline of
the |ower |ake. The lower lake is damred behind drift: debris blocks
derived from Munt Babel Ilitter Babel Creek, the outlet, but do not sig-

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

Lower Consolation Lake is nearly 90% bare rock, low plants and gl acier
ice. Gog Goup quartzite domnates the bedrock in the drainage basin
(Table 2).

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

smal| patches of alpine fir near the outlet and below a sheltered ridge
west of the | ake. The valley and |ake are flanked by Fossil Muntain
(2926 m on the north and Brachiopod Muntain (2652 n) to the south.
The |ake is damed behind upturned Devonian strata at the east end, the
outlet stream flowing around the north end of this dam 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 w nds.

Ptarmi gan Lake lies in the upper part of the Baker Lake drainage
basin west of the Castle Muntain Thrust in a wide treeless valley
oriented east to west. Ptarm gan Peak (3059 m) and Redoubt Mbuntain
(2902 m flank the lake on the north and the south, respectively. Pt ar -
mgan is even nore exposed to high winds than is Baker: the summt of
Boul der Pass at the west end of Ptarmigan is only a few metres above
lake level, providing virtually no protection from westerly w nds. The
lake is dammed behind quartzite Gog Goup strata that dominate the

drai nage 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 km to the east.

METHODS
Sanpling Schedule and Station Selection

A total of 65 visits to the six lakes was nade for mmjor sanpling
and observation in the period md-May to early OCctober of 1974 and 1975.
In addition, nunerous other visits were made to obtain data on ice con-
ditions, tenperatures, 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 sanpling effort anmong the lakes is summarized in Table 3.

The zoopl ankton of Kingfisher, Mud and Baker Lakes was sanpled at

approxi mately bi-weekly intervals during the 1975 study period; in Lower
Consol ati on, Moraine and Ptarmigan Lakes the sanpling frequency was
approxi mately once per nonth. Benthic sanples were collected at approxi-

mately nonthly intervals during the sanpling periods except in Mid Lake,

where the 1975 sanples were taken in My, June and July only. In King-
fisher Lake, benthic sanples 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 Septenmber in Moraine; and July in Lower Consol a-
tion. One additional fish collection was nmade in Cctober 1975 in Mid
Lake.

Fish populations in Baker and Ptarm gan Lakes were not sanpled in

1974 or 1975 because both waters had been extensively gillnetted in 1973
(Smley 1976), and many of the sanples and data collected then were

avai l able for analysis. | felt that the possible inprovenent in the



a
Table 3. Distribution of sanpling effort anmong the six |akes. See also page 13, paragraph 2.

Sanol | Peri od Nunber of Nunber of Nunber of
anpiing Ferto Zoopl ankt on Bent hi c Fi sh
Lake 1974 1975 Vertical TowsP Col | ections Col | ections
Ki ngfi sher May to Septenber May to Cctober | 20 62C 3
Mud June to Septenber May to COctober 80 48 3
Mor ai ne June to Septenber July to Septenber 18 36 3
Lower
Consol ation July to Septenber June to Septenber 18 33 1
Baker July and August July to Septenber 35 34 2d
Pt ar mi gan July and August July to Septenber 21 35 2d
a

Kingfisher and Mid Lakes were sanpled nost intensively because they had the |ongest ice-free
seasons and were the warnest |akes. In addition, it was hoped that concentrated sanpling in
Ki ngfisher, the nost accessible |ake, would provide data of high precision for at |east one
of the |akes.

1975 only. € 1974 only. 9 July 1973,
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applicability and comparability of the data was likely to be too snmall to
justify removing more fish from these | akes.

Stations for sanmpling zooplankton and benthos were selected accord-
ing to the followi ng procedure. In 1974, benthic sanples from Baker,
Pt ar m gan, Lower Consolation and Mraine Lakes were collected on each
sampling date from four to seven sites selected in the field to represent
all areas of each | ake. This survey procedure was used to determ ne
which parts of the lakes could be sanpled by Ekman grab (nud nostly) so
that random sanpling stations could be established. Al parts of King-
fisher and Mud Lakes were known to be suitable for Ekman grab sanpling,
so a bottom survey was unnecessary for them Numbered grids were drawn
on outline maps of all six lakes, and in all but Mraine Lake the area
suitable for Ekman grab sanpling was divided into two or three sanpling
strata. Six to twelve sanmpling stations in each |ake were chosen from a

table of random nunbers, the nunmber of stations in each stratum being al-

lotted in proportion to the stratum area relative to the total |ake area.
Figures 2 to 4 illustrate the locations of the sanpling sites in each
| ake.

Field Methods

Soundings of the lakes were nmade with a battery-powered echo sounder
(Fish Lo-K-Tor, Lowance Electronics Corp., Tulsa, klahoms). Readi ngs
were taken at regular, timed intervals along several transects across
each |ake while an assistant rowed at constant speed.

Flow rates in outlet and major inlet streanms were nmeasured wth a
propel ler-type flow meter (GM Manufacturing Ltd.) calibrated by the Hy-

draulic Division, Canada Centre for Inland Waters, Burlington, Ontari o.
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Thirty-second readings were taken at 60% of the site depth at several
points across each stream Wdth and nean depth were also neasured to
cal cul ate stream discharge. In a few cases, when the flow neter was un-
avail able, floating wood chips were timed repeatedly over a stretch of
stream of neasured length, wdth and nmean depth to estimate flow

Water transparency was measured near the deepest point of each |ake
with a 20-cm black and white Secchi disc followng the procedure descri-
bed by Hutchinson (1957:399). Water colour was observed against the
white part of the disc at half the Secchi depth.

Water tenperatures were neasured in the water colum near the deep-
est point of each lake with a thermistor thernmoneter (Yellow Springs In-
struments, Mdel 425C) calibrated at the beginning of each depth series
against a nercury thernoneter accurate to ~ O/loC The duration of the
ice-free period was determned 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 sanples were collected from near the deepest part of each |ake
with an Ekman grab and stored in double Zi PIOC~ plastic bags for |abora-
tory analysis of organic content.

Water sanples for |aboratory 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 Dbottles. The bottles were
shipped in dark iced coolers to the water quality |laboratory of the In-
land Waters Directorate, Cal gary, for analysis. Water sanples 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-Iined
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hose to obtain an integrated sanple from a colum of water as described
by Tonol I'i (1971), or from approximately 30 cm below the surface wth
doubl e-rinsed one-litre polyethylene Dbottles. Conductivity was nmeasured
with a Dionic Series 3 portable nmeter, and pH with a Hellige colour com
parator or an EIL Mdel 308 electronic neter. Hach methods (Hach Cheni -
cal Conpany, Ames, lowa) were used for all other field determ nations of
water chemi stry.

Zoopl ankton collections were made with a #20-mesh W sconsin-style
nylon plankton net (nouth dianeter 25 cm mesh aperture 65 to 70 pn) by
making one vertical haul at each station on each sanpling date. The net
was |lowered slowy until the weighted vial was felt to touch bottom then
the net was gently lowered a further 30 to 50 cm to bring the muth with-
in a few centinmetres of the sedinents. The net was retrieved at a con-
stant rate of 0.5 m s-l so that the adjustments for net filtration effi-
ciency calculated by Anderson (1968b, 1970b) could be applied to the
pl ankton counts. Sanples were preserved at the tinme of collection wth
enough 37% formal dehyde solution to bring the final concentration of the
sample to 5% fornmal dehyde.

Macrophytes were identified to genus in the field, and their |oca-
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 |ake, then sweeping the
di slodged animals from the water with a small aquarium net or Kkitchen
strainer. Collections were made for 15 to 30 minutes at each site sam
pled, then were preserved in 3.7% formal dehyde sol ution.

Benthic samples were collected with a |5.24-cm square Ekman grab,

one grab sanple being taken from each station on each sanpling date.
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Sanples were sieved through a screened bucket (mesh aperture 0.36 romx
0.52 rom and the residue was stored in formal dehyde solution for final
sorting in the |aboratory.

Fish were collected with gangs of green nylon multifil ament gill-
nets, having 20 m each of 1.9-, 3.8, 5.1-, 7.6-, and 10.2-cm nesh
(stretched neasure). In Kingfisher Lake, 10-m panels of each nesh size
were used. The nets were set on the bottom overnight at the |ocations
shown in Figures 2 to4. Specimens were weighed to the nearest gram and
their fork lengths were nmeasured to the nearest millinetre. Stomachs were
stored in 5.6% formal dehyde solution, and otoliths in a few drops of gly-
cerol, for later study in the |aboratory. In sone cases the fish were

frozen whole to be examined as above in the |aboratory.

Laboratory Methods

Lake soundings were plotted on base maps drawn on enlarged aerial

phot ogr aphs, and were used to set the locations of contour |ines. The
phot ographs reveal ed considerable bottom detail in sone cases, and were
hel pful in setting contours on the maps of sone | akes. Scales of the

aerial photographs were determined from the fornula

elevation of the aircraft - |ake elevation
l ens dianeter

Lake elevations were determined from 1:50,000 scale topographic naps
(National Topographic Series 82 N8 East, wedition 4ASE, series A74l, con-
tour interval 30.5 m. Mor phonetric neasurenents were nade from the |ake
maps using the nethods described by Hutchinson (1957:164-167).

Water renewal tines were calculated as the total [|ake volune at
high water divided by the daily outflow or inflow, assuming no change in

|l ake level over the tine period. Sedi rent sanples were honbgenized by
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thorough stirring, at least six subsanples being taken for analysis. Sub-
sanmples were dried for 24 h at 100°C, weighed, ashed at 650°C for two hours
and rewei ghed. The weight loss on ignition was taken as a rough nmeasure

of the organic content of the sedinents. No correction was made for car-
bonate or bicarbonate transformation.

Crustacean plankters were identified to species with the keys and
descriptions of WIson and Yeatman (1959), Brooks (1957, 1959), Brandlova,
Brandl and Fernando (1972) and Deevey and Deevey (1971). Sanples for each
sanmpling date in each |ake were pooled and subsanpled wth a Folsom plank-
ton splitter for counting and measuremnent under a dissecting microscope.

Cl adocera and Copepoda were neasured for size-frequency analysis and bio-
mass determ nations with an ocular mcroneter, at a magnification of 25X

except for the large Diaptomus arcticus, which was neasured at |2X.  The

daphni ds, bosm nids and copepod nauplii were measured in the manner illus-
trated by Bottrell et ale (1976:440-444). Pol yphermus pedi cul us was neas-
ured from the front of the eye to the furthest margin of the carapace. Co-

pepod adults were neasured from the tip of the rostrum to the base of the
caudal ram.

Benthic samples were sorted from the residue left from field siev-
ing under a dissecting mcroscope. Identifications of shoreline and ben-

thic invertebrates were made with the followng keys and descriptions:

General references: Pennak (1953), Ednondson (1959), Usinger (1956)
Ephener opt er a: Needham  Traver and Hsu (1935)
Qdonat a: Needham and Westfall (1955), Wwalker (1912, 1925, 1953)

Hemi pt er a: Brooks and Kelton (1967)

Tri choptera: Ross (1944)

Col eopt er a: Larson (1975)

Di ptera: Hamilton and Saether (pers. comm M keys), Saether (1969,
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1971, 1975a and b), Hanmilton, Saether and diver (1969), Pankratova
(1970), Roback (1957), Stewart and Loch (1973), Mson (1973)
Mol | usca: Burch (1972), darke (1973)

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

and chironomid specinens identified by Dr. A Hamlton, D. O Saether and

M. RL. Hare were used to verify some identifications. I ndividuals were
counted and sorted into groups of easily-separable t axa. The groups were
blotted on tissue to renove adhering preservative, then were weighed to
the nearest 0.1 mg on an electronic bal ance. Mol | uscs were weighed wth

their shells intact.

Ooliths were imrersed in glycerol and were exam ned under a dis-
secting mcroscope (up to SOX) against a dark background to determine fish
ages. The nunber of hyaline rings observed on the otoliths was taken as
the age of the fish in years. An addi tional annulus was assigned on the
extrenme edge of the otolith when the fish were taken early or late in the
sanpling 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 SOX). Taxa were sorted into separate piles
in the sorting dish and the percentage of the total food volume consuned
was estimted by eye (c.f. Wndell 1971:217-219).

Details of the calculations wused and evaluations of various nmethods

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

PHYSI CAL LI MNOLOGY AND WATER CHEM STRY

In this section some physical and chenmical attributes of the |akes
are described, norphonmetric and tenperature data required for some pro-
duction «calculations are presented, and the |akes are conmpared to others
in the Canadian Rocky Mbuntains. Many of the features such as nean 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 conparisons between the study |akes and other Canadian Rocky
Mountain |akes provide an indication of how representative the study

lakes are likely to be with respect to secondary production.

MORPHOVETRY  AND DRAI NAGE

Bat hynmetric maps and hypsographic curves of the six |akes are pro-
vided in Figures 5 to 7. Morphonmetric data are summarized in Table 4.

That the study |akes were selected to represent a wi de range of
altitudes in the Lake Louise area accounts for the w de altitudinal range
they occupy anong Canadian Rocky Muntain |akes in general (Figure 8A).
A broad range of the areas and maxi mum depths found for Canadian Rocky
Mountain |akes are also represented by the study |akes (Figures 8B, 8C).
The volumes and nean depths of the six lakes are well wthin the ranges
shown by the 20 Canadian Rocky Muntain |akes for which conparable data
are avail abl e (Rawson 1942, 1953; Anderson 1968b, 1970a and b, 1975;
Ander son and Dokul i | 1977; Anderson and Geen 1975). Because volune is

largely determined by area and nean depth is correlated wth naxi num
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Table 4. Mor phonetry of the six |akes.

Ar ea Depth (m Vol une

Lake (ha) max. nmean 10%n?
Ki ngfi sher 2.0 7.2 2.0 4.0
Mud 7.3 7.2 2.4 17.6
Mor ai ne 41. 3 22.9 9.6 397.1
Lower Consol ation 14.5 11.3 5.9 85.7
Baker 36. 4 11.6 5.4 198. 6

Pt ar m gan 27.9 21.3 7.0 195.0
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depth (Neumann 1959), the ranks of the six lakes in volune and nean depth
must be near their respective ranks in area and nmaxi mum depth, shown in
Figures 8B and BC.

Table 5 sunmarizes the drainage data for the |akes and provides
estimates of water renewal tinmes. The times are only rough estinmates
because they are based on few outflow or inflow measurements, but are
probably of the correct order of nagnitude.

Because Kingfisher overflows for only a short time in spring and

receives no neasureable surface inflow, its water renewal tine was es-
timated from the drop in water level in sunmer. Lake |evel declined by
approxi mately 30 cm over a 90-day period in sunmer. The volume of water

|l ost was 6000 m3 (lake area times drop in water level), or about 67 md
per day, yielding an estimate of 600 days for the water renewal tine.
The effect of incoming seepage was not considered, so the actual renewal
time nust be less than 600 days.

Subsurface drainage is nbst inmportant in Mraine Lake. The sum
of discharges into the lake from the three principal inlets was 5.5 tines
the outlet discharge at the one tine when flow mnmeasurements were nade
within a day of each other. In fact, the maxinum outlet discharge was
considerably lower than the mninmm inflow neasured. Since the |ake
level did not increase during the time the conparative neasurenents were
taken (outlet discharge nmeasurenments from late June to early July sug-
gest that, if anything, the lake level was dropping slightly at the tine),
at least BO% of the outflow from Mraine Lake is subterranean. The
water |eaks through the landslide dam at the north end of the I|ake, ac-
counting for the overwinter drop in water level of six nmetres or nore.

There is no evidence that subsurface drainage is inportant in Md,



Table 5.

Lake

Ki ngfi sher
Mud

Mor ai ne

Lower
Consol ati on

Baker

Pt ar m gan

Sone drai nage

Cutl et

seepage

Mud Cr.

Moraine Cr.

Babel Cr.

Baker Cr.

Pt ar m gan
Cr.

attributes

Dat e

74-06- 19
74-09- 20

75-08- 26

74-06- 25
74-07-04
74-08-13
74-09- 17
75-07-02
75-09-12

74-07-03
74-08-08
74-09-12
75-07-04

74-07- 30
74-08- 28
74-08-01
74-08- 30

of the six

Di schar ge

(nBs-1)

0.

02

simlar
above date

0.

1
1
0.
- 0.
- 0.
- 0.

03

57
31
92
0
0
0

.04
.26

57
25

.55
.20

.24
.05

to

| akes.

Main Inlets

seepage

seepage,
springs

Wenkcheman Cr.

Fay Cr.

Larch Valley
Cr.

subsurface
from upper
| ake

Pt ar m gan
Cr

surface
runof f

Dat e

74-07-03
74-08-08
74-09-12

74-07- 04
74-08- 08
74-09- 17
74-07- 04
74-08- 08
74-09- 17

Mean Sunmer

D scharge Wat er Renewal
(nBs-1) Time (days)
<600
81
6. 89
3. 46
2.09
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 Consol ation, Baker or Ptarmi gan Lakes. Lower Consol ation Lakewater
level can drop 30 cm or nore during the summer, but drops in |ake levels
in Mud, Baker and Ptarmigan Lakes were no nore 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 assunptions. Ki ngfisher Lake had no surface outflow
during winter, and its water level did not drop appreciably after freeze-
up. Qutflow was restricted primarily to the |160-day ice-free period
when the water renewal tine was |ess than 600 days, so Kingfisher Lake
had a water renewal rate of at least 0.6 tinmes per year. The outlet of
Mud Lake had approximately the same discharge in late fall as in sumer,
and may have flowed all winter; therefore, the water renewal rate could

have been as high as 4.5 tinmes 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 Septenber, there was little winter inflow so
there was little water renewal in wnter. The nean water renewal tine

of 11 days applied to the 110-day period nmd-June to l|late Septenber when

the lake was overflowing through the surface outlet gives an estinated

water renewal rate of approximately 10 tinmes per year. Di scharge from
Lower Consolation Lake was nmuch lower in fall than in md-sumer, but
probably was maintained at a low level through the wnter. If the nean

water renewal tinme of 8 days is taken to apply only to the |50-day June
to October period, the water renewal rate would be 19 tines per year;
but the true rate would be slightly higher because there is some wnter
repl acement . If the nean 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 wnter. The mean water re-
newal time of 156 days applied to the June to Cctober period (150 days)
yields an estimated water renewal rate of once per year for Ptarm gan
Lake.

The limted conparable data available on Canadian Rocky Mbountain
|l akes give no reason to believe the study |akes have unrepresentative
water renewal rates. The water renewal rates of Kingfisher and Ptarm gan
Lakes were close to the 0.7 to 0.8 tines 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 tines per year es-
timated for Pyramid Lake (Anderson and Dokulil 1977). Morai ne and Lower
Consol ati on Lakes had water renewal rates greater than the 5.8 to 7.1
times per year of Lower Witerton Lake (Anderson and Geen 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 SEDI MENTS

Ki ngfisher and Mud Lakes have simlar bottom types. Bottom areas
less than two to three netres deep are covered by light-coloured floc-
culent sedinents only slightly nore dense than water; deep areas are
covered by dark brown, jelly-like, flocculent nud 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 Mraine Lake is covered by
coarse sand, gravel and talusi the bottom of the west side is covered by
rock fragments wusually no nore than 30 cm in nmaxi rum dinension. 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 nmaxinmum depth along the entire west side, sone of the
fragnents reaching 2 mor nmore in maxi mum dinmension. The bottom in
shall ow water elsewhere is covered by sandy sedinments except at the ava-
|l anche slope on the east shore, where large rock rubble up to 50 cm in
maxi mum di nension covers the bottom The bottom in the central portion
of the lake is covered by dark green-brown nud having an organic content
of 28.4% (n= 1).

Much of the near-shore area of Baker Lake is sandy. Nurrer ous  rock
ridges form reefs in the eastern third of the |ake basin, and form the
bedrock eastern and southeastern shoreline. The central portion of the
| ake bottom is covered mainly by black, silty sedinment 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 Ptarm gan Lake is
covered by light-coloured nud. The bottom of near-shore areas elsewhere
is covered by sandy deposits and rock fragnents. Rock fragments are
particularly abundant along the southwest shoreline, where a debris slope
enters the | ake. 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 | CE COVER

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

Mor ai ne, Lower Consol ation, Baker and Ptarmi gan Lakes stratified
weakly or not at all in the two years. Ki ngfisher Lake was distinctly
stratified in June 1974, but stratification was weakly developed |ater
that summer and throughout the ice-free period of 1975. Mud Lake was
distinctly stratified in both years, particularly in June 1974.

Ki ngfisher and Mud Lakes were the warnest |akes, the fornmer being
warmer than the latter, nost obviously at depths greater than four
metres. Springs at the north end probably contribute the cool water to
the depths of Mid Lake. Gacial neltwater inlets nake Mraine and Lower
Consol ation the coldest of the |akes. Baker and Ptarmi gan Lakes receive

no glacial neltwater, so are warner than Mraine and Lower Consol ation

Lakes. The greater elevations and depths of Baker and Ptarm gan Lakes

causes them to be cooler than Mid or Kingfisher Lakes.

Tenmperature conditions in Kingfisher and Mid Lakes are simlar to
those in nearby Herbert Lake (Fabris and Hammrer 1975; Anderson 1970a),
and in Celestine Lake, Jasper National Park (Anderson 1970b) in that
epilimetic tenperatures are greater than 15°C for prolonged periods,
and near-bottom tenperatures are well above 4°C through nearly all otthe
ice-free period. Morai ne and Lower Consolation Lakes are anong the
col dest Canadi an Rocky Mountain |akes, but the sunmer tenperatures and
weakl y- devel oped thermal stratification of Baker and Ptarnmigan Lakes are
typical of alpine lakes in the region (cf. Anderson 1968a, bi 1970a;
Fabris and Hammer 1975).

Ki ngfisher and Mud Lakes had an ice-free period of approximtely
160 days, break-up occurring in md-May and freeze-up in late COctober in

1974 and 1975. Ptarm gan Lake did not becone free of ice until late or
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Fi gure 10. Secchi transparencies (inverted T-bars)
profiles, Morai ne and Lower Consol ation
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md-July in 1974 and 1975, and is knowmn to freeze over in late Cctober
or early Novenber (G Belland, pers. commj RS Anderson, unpublished
data), vyielding an estimated ice-free period of 110 days. Mor ai ne  be-
cane ice-free in late or md-June, Lower Consolation in |late June or
early July and Baker in early or md-July in 1974 and 1975.

Because it is so cold even in md-sunmmer, Lower Consol ation Lake
may freeze over about the sanme time (late Cctober) as do shallower or
hi gher lakes in the Canadian Rockies (Fabris and Hamrer 1975; Anderson
1968a, 1970a). Morai ne Lake may freeze over in early or md-Novenber
because of its greater depth, even though it is slightly lower than
Lower Consol ati on Lake. Baker Lak~only 122 m lower, is shallower, and
breaks up one to two weeks earlier than Ptarm gan Lake, suggesting that
it probably freezes over one to tw weeks earlier also. Reasonabl e
estimates of the duration of the ice-free periods are therefore 110~0140
days for Lower Consolation Lake, |30ID~days for Mraine Lake and about
110 days for Baker Lake.

Ki ngfisher 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 |ower elevation
Jasper |akes, Patricia and Pyramd (Anderson 1974b; Anderson and Dokulil
1977) . The ice-free period of Ptarmigan Lake is simlar to that of al-
pine |akes and ponds (Anderson 1968a, 1974bi Fabris and Hamer 1975),
but longer than that of the nearby alpine E ffel and Helen Lakes (Fabris

and Hammer 1975).

WATER TRANSPARENCY AND CCOLOUR

Secchi transparencies recorded on various dates are presented
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with the tenperature profiles in Figures 9 to 11. Anmong the lakes in
which Secchi transparency was neasurable the study |akes tended to have
clearer waters than do Canadian Rocky Muntain |akes in general, but the
tendency was not pronounced (Figure 8D).

Water colour was variable amng the lakes, and within sonme |akes
among sanpling dates. Ki ngfisher Lake water was alnost always yellow
green, but in Septenmber and Cctober 1975 it was distinctly green. Mud
Lake water was various shades of brown from May to early July, and was
yellowgreen from md-July to Septenber. Water colour in Mraine and
Lower Consolation Lakes was bluei mlky blue in the former and clear
blue in the latter. Baker Lake had light- to mediumgreen water, and
Ptarm gan Lake water was green to blue-green.

Laboratory analyses of colour in water sanples collected on the
dates shown in Table 6 ranged from O to 7 Hazen wunitsi turbidity analyses
done on the sane sanples at the same tine ranged from 0.3 to 1.3 Jackson
units in the various | akes. These colour and turbidity figures are very
| ow.

As a rule of thunb the Secchi disc disappears at the level of 15%
light transm ssion, and at about twice the Secchi depth light is effect-
i vel yabsent (Vol | enwei der  1974:176) . According to this rule, Ilight
penetrates to the bottom of all of the lakes over nmpst of their areas in
summer, and at |east occasionally penetrates to the maximum depth of all
six | akes.

Secchi transparency is linmted 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 |ower Secchi trans-
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parencies in 1974 in Kingfisher Lake probably reflect higher quantities

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

in neither year was the water highly coloured, nor was it silted. I'n
Mud Lake Secchi transparency could have been limted by the brown colour
of the water, especially wearly in the sumer, and by plankton. G aci al
siltation, although it was not as pronounced as in other glacial |akes
nearby (e.g. Lake Louise), Ilimted Secchi transparency in Mraine Lake.
In Baker and Ptarmigan Lakes plankton probably limted Secchi transparency

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

WATER CHEM STRY

Conductivity, sum of constituents, field pH hardness and alka-
linity all tended to decrease wth increasing el evation anong the six
| akes (Table 6, conpare to Table 1). Laboratory pH showed no trend wth
altitude, and laboratory figures for conductivity and alkalinity were
lower than the field measurenents. Phenol pht hal ei n alkalinity was
always zero in laboratory and field analyses.

Al six waters were of the calcium magnesi um bi carbonate type,
calcium consistently formng slightly nmore than half the total cations,
and bicarbonate always conprising at least three-quarters of the anions
in mlliequivalents (Table 7). Sul phate was the second nost abundant
anion in all six |akes.

The waters of the six lakes are representative of Canadian Rocky
Mountain |akes in general wth respect to their sums of constituents
(TDS) and pH (Figure 8E, F), but tend to be nore dilute than the average

142 mg 1-1 for North Anerican river water (Livingstone 1963).



Table 6.

Lake
Ki ngfi sher

mud

Mor ai ne

Lower

Consol ati on

Baker

Pt ar m gan

Sone physi cal
done on surface

| ab
field

| ab
field

| ab
field

| ab
field

| ab
field

| ab
field

and chem cal

features of water from the six

samples, field analyses on conposite
1974 - 1975
Conductivity Sum of
at 25°C Constituents
Dat e (uS cm-1) (mg 1-1)

75-07-08 221 113. 4

June to 261 + 9.4

Sept . n =4

70- 06- 25 272 155
May, Jul y 290 £+ 9.9

to Sept. n =4
67-09- 20 124 65.0
June to 140 = 3.4

Sept . n =4
73-07-17 115 63.0
July to 152 + 6.7

Sept . n=3
66-07-22 104 54.7
July and 130 + 6.7
August n=3
66-07-22 53.3 26.6
August 77

Laboratory

| akes.
sanmples to 10 m
Tot al
Har dness
as CaQ0g
pH (my 1-1)
8.4 121
+ 0.05
= 4
8.0 146
+ 0.09
= 3
7.9 63. 4
+ 0.03
= 4
8.0 62.0
+ 0.15
=3
8.1 49. 8
+ 0.03
=3
7.4 26.3
+ 0.05
=2

Field results

Tot al

Al kalinity
as CaQ0g
(mg 1-1)

115
132 + 3.4
n =

125
126 = 3.5

67 + 2.1
66 £ 2.0
55 + 0.0

34 £ 0.0

anal yses

wer e
t 1 SE

A

tv



Table 7. Mjor ionic constituents of surface waters of the six |akes, determned from |aboratory
anal yses (collection dates as in Table 6). Percentages are the proportion of anions or
cations calculated from equivalent weights.

Cati ons Ani ons
Ca My Na K HC03 S04 d

ng 1-1 % mg 1-1 % _— % _— % rag 1-1 w g 1-1 vy mg 1-1 %
Ki ngfi sher 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.
wud 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.
Mor ai ne 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.
Lower
Consol ati on 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.
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.

Pt ar mi gan 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 O.
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The mmjor ionic conposition of the water of the six lakes, wth
Ca>My and HC03>S04' is simlar to that found in numerous other Canadian
Rocky Mountain |akes (Anderson 1968b, 1970a, b, 1974a, bi Fabris and
Hammer 1975), and is characteristic of the surface waters of the region
as a whole (Water Quality Branch 1976). The domi nance by these ions re-
flects the dom nance (anmong soluble rock types) of I|imestone and dolo-
mte formations in the Rocky Muntains (e.g. Baird 1967; Belyea 1964).
The differences between field and |aboratory neasurenents were
usually significant but were uninportant in that they did not lead to
different ranking of the | akes. Part of the differences are attribut-
able to the fact that |aboratory sanples were collected at the surface
but field sanples were a composite of water taken from the surface to a
depth of up to 10 M. This would tend to give higher field conductivity
and alkalinity values when the l|akes are stratified, because deeper
waters are then usually nore highly mineralized than surface waters.
Part of the differences <could also be due to changes in the I|aboratory
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 nmethods. For ex-
ample, the nmethod used for field alkalinity is accurate to only ~7 ng
1-1 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 determ nations are suitable for a general character-

ization of the water chemstry.

Sanples were collected by different agencies for different purposes.
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SECTION 3

CRUSTACEAN  PLANKTON

CALCULATIONS AND METHODS EVALUATI ON

Abundance and Bi onass

Numbers of crustacean plankters per cubic nmetre were calcul ated
from counts of on~eighth or one-thirty-second subsanples of the pooled
field sanples, the volume of the water colum sanmpled, and estimtes 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 subsanpling
errors.

The collection of vertically-integrated samples from 6 to 12 ran-
dom y-sel ected sanpling stations was an attenpt to mnimze the effect
of field variability on the abundance estinates. No neasurenent of the
error due to field variability was possible because the sanmples had tobe
pool ed to reduce the work of pl ankton analysis to nanageable 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 sonme species may actively avoid
the net. Anderson(1968b:111) calculated the nean '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 |ower
(;( = 17% in May and June in Alberta nountain |akes because of the
greater degree of phytoplankton clogging typical of that period (Ander-

son 1970b). 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 sanples taken
in all months except My and June, when a factor of 6 was used.

MEwen et aZ. (1954) assessed the performance of a Fol som plankton
splitter simlar to that used in the present study, finding splitting
errors to be random Their data (their Tables 3 and 4) suggest that
when nore than 40 individuals are found in each subsanple, t he standard
deviation wll be 10 to 20% of the nean. When nean counts are nore than
10, the expected distribution is approximtely normal (Elliott 1971:31).
In a normal distribution, 95% of the individual observations fall wthin
2 standard deviations of the nean, therefore 95% of the single-subsanple
counts will be within 20 to 40% of the mean count of all possible Folsom
subsanples in which there are mobre than 40 individuals. In the present
study nore than 40 individuals of the nost abundant species were counted
in single subsanples, so these counts should have been within 20 to 40%
of the nunber in the whole sanple 95% of the tine. Counts of the |east
abundant species would have been mnmuch l|ess precise, but the absolute
error would wusually have been trivially small because the absolute abun-
dance was | ow

Individual dry weights of nost crustacean plankters were calcu-
lated from the length-dry weight regressions of Bottrell et aZ. (1976:

438, 442) shown bel ow

Copepoda: inw=1.9526 + 2.3990 In L ~0. 0854
Bosnmi na: In w= 3.0896 + 3.0395 In L ~0. 21 23
Cer i odaphni a: In w= 2.5623 + 3.3380 In L To.681 9
Daphni a: In w = 1.4681 + 2.8292 In L :t0. 0723
Daphni dae: In w = 1.5072 + 2.7610 In L +0. 0683

(for ScaphoZeberis)

where w is individual weight (pg dry weight), and
L is individual length (mm)
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Figures to the right are 95% confidence |limts of the regression coef-
ficients. For PoZypherms the length-wet weight regression of Sherbakov
(1952, in Ednondson 1971a:14l) was used to calculate individual wet

wei ght in mcrograns:

wo 33 =44 1L - 02
The footnote given by Ednondson in his Table 2.3.1 makes it clear that
V\p.33: rather than the printed w3, is what is neant; otherwise w is
i mpossibly |arge. Wet weights of copepod eggs were calculated from the

equation relating the volume of a sphere to its radius

V = 4/3 7 r3
where r is the egg radius in rom and

V is the egg volune in mP
on the assunption that the eggs had a density of 1 g cm3, the density
of pure water at 4°C. Eggs of O adocera were assumed to weigh no nore
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 et al. (1976: 436) was used to convert wet
weights to dry weights. Mean individual dry weights were mltiplied by

the abundance &estimates to calculate the bionmasses 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

agai nst tinme. Cl adocera do not have instars that are readily distin-
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gui shable, so arbitrary |ength-cl asses! were substituted for instars and
the nunbers of each were plotted against tinme.

Egg devel opment times were calculated from the equations of Bot-
trell et aZ. (1976:445) relating developnent tinmes to tenperature. De-
vel opment times were calculated at the maxinum and mnimum water tenpera-
tures observed on each sanpling date, and the nean of the two calcul a-
tions was taken as the mean developnent tinme for that date. The equa-

tions used were:

Daphni dae: In D= 3.3956 + 0.2193 In T - 0.3414 (In T)2
+ 0.3363 + 0.0706

all d adocer a: In D= 3.1457 + 0.4797 In T - 0.4003 (In T)2

(used for d adocera

ot her than Daphnidae) + 0.3935 t 0.0817

Cal anoi da: In D 3. 9650 0.4049 In T - 0.1909 (InT)2
+ 0.2738 * 0.0B17

where D is the development tinme (days), and
T is the water tenperature (OO
The 95% confidence |imts are provided below their respective regression
coefficients.

A source of error in the calculations of egg developnent tines
was the tenperature estimte. Mud Lake in particular had a nmarked ther-
mal gradient in the summer, but because the distribution of the plankton
was not studied, the tenperature to which the various species were sub-
jected was unknown. Use of a nean figure could have led to a large
under- or over-estimate of egg development tinmes if the crustaceans all
occupied the coldest or warnest water exclusively, but these possibili-

1 ereinafter referred to as instars because they were treated in
exactly the sanme 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 developnent tinmes on the production estimtes was far
exceeded by another error, largely correctable, which is discussed wth
the results.

The developnent tines 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
popul ation as the various instars devel oped. The mean time of pulse was
determined for each instar, then the difference in the nmean time of pulse
was determned for successive instars. Where sufficient data were avail-
able the nean day of pulse was plotted against instar, a snooth curve
was drawn by eye, and corrected nmean 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 inmmediately fol-
lowing differences between the nean days of pulse was taken as the best
estimate of the developnent time for the instar.

The method of calculating developnment tines proposed by Rigler
and Cool ey (1974:640-641) was not used. The iterative calculations
necessary when field data only are available are too tine-consuming and
do not justify the possible slight inmprovenent in accuracy, particularly
when other sources of error are likely to be nobre inportant. In this
study boundaries of abundance pulses Qften had to be chosen sUbjectively.
The shape of the pulse and the nean pulse data were frequently influenced
by differential nmortality during the pulse and by errors in the abundance

esti mat es. The latter sources of error are probably characteristic of
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all population data on planktonic crustaceans, and in nobst cases can be
expected to be much nore inportant than that arising from a failure to

use Rigler and Cooley's theoretically nore defensible calculation.

Production
No single nmethod of calculating production was suitable for all
taxa because of the many life-history differences anong them For popu-
lations having well-defined <cohorts the Allen Curve nethod as described
by Mann (1971:160) was used whenever the data permtted. The Allen
Curve method is enpirical, requiring no assunptions about the devel op-
ment tines of instars or the type of growmh 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 unrecogni zabl e, the Allen Curve nethod could not be applied. Two
cal culations were then used:
1) Method of Pechen and Shushkina (1964, described by Wnberg et at.
1971: 304)
n
P =1 (Ni' /:,W-llD.l)
i =1
where P is production (pg dry weight d-'),

Ni is the number of individuals per cubic netre in instar i on
a given date,

/:W is the change in individual weight (growth) of instar
i (g dry weight) ,

Di is the developnent time of instar i (days), and
n is the nunmber of instars
The calculation was nmade for every sanpling date on which the species

was col | ected. The total production over a given period was calculated
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by mUtiplying the mean daily P by the nunber of days in the period. The

method assumes that the Di's as estimated from the instar pulse times are

the same as the Di's on each sanpling date.

2) Extension of Southwood's nethod for estimating nunbers passing through
an instar.

The area under the curve of instar abundance plotted against time
has the dinensions nunbers X days. Division of the area by the devel op-
ment tine of the instar gives the approximte nunber reaching the nedian
age of the instar (Southwood 1966:279). An estimate of production during

any given period can be obtained from the equation

n
P=1L (N-lIlw)
i = 4
where N is the nunmber 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 growh estinmates. It assumes no
mortality wthin instars, only between instars. Because nortality nust
occur during the instar in nature, the estimate of N wll be an under-

estimate of the nunber entering the instar but an overestimate of the
nunber leaving it. \Whether this leads to an over- or underestimate of P
depends on the distribution of nortality in time within the instar.
Production had to be calculated by a variety of less satisfactory
met hods when data were unsuitable for analysis by the nmethods outlined
above. Sonetines the maxi mum observed biomass was the only nmneasure of
production available; in other cases an estimted production-to-biomass
(P/B) ratio was used as a factor to convert observed nean biomasses to

production estimates. In the results to follow the nethods wused are
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specified in each case.

RESULTS
Ki ngfi sher Lake

Speci es conposition. The mpbst common crustacean plankters in
Ki ngfisher Lake were Daphnia (pulex group); Scapholeberis kingi sars,
1903; Ceriodaphnia affinis Lilljeborg,I 900, Bosmna longirostris (QF.
Ml l er 1785);  Pol yphemus pedicul us (Linne, 176u;  Acant hodi apt onmus den-
ticornis (Werzejski, 1888); Diaptomus |eptopus S.A Forbes 1882;

Acant hocycl ops vernalis Fischer 1853 and Orthocyclops nmodestus (Herrick,
1883}. (ccasional specinmens of Alona sp., Chydorus sphaericus (oF.
MJlerr 1785) and Macrocyclops al bidus (Jurine, 1820) occurred in the
sanples, but were never abundant. Several non-pecten ate Ceriodaphnia,
possibly Ceriodaphnia quadrangula (OF. MJler(1785) were found in the
samples collected June 3, 1975, but all specinmens dissected in subse-
quent sanples were the pectenate C. affinis.

The Daphnia species could not be positively identified. Al
speci nens examned had the large nid-pecten teeth characteristic of the
puI €X group, but showed a confusing range of head and body shapes.
Mature fenmales had heads with ventral margins ranging from the al nost
straight or slightly sinuate type characteristic of Daphnia schedleri
Sars, 1862; t.hrough the concave-sinuate shape of Daphnia pulicaria Forbes,
1893 emend. Hrabacek, 1959; to the strongly concave shape diagnostic of Da-
phnia pul ex Leydig, 1860 enend. Richard, 1896 (Brooks 1957, 1959i Brand-
lova, Brandl and Fernando 1972). Sone specinens with D. sch~dl eri head

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

shel Ispine and elongate body shape of D. schddleri. There seened to be
a gradual trend through the ice-free period, wth small to mediumsized
individuals with D. schpdleri and D. pulex characteristics nost common
in My to July, and large individuals with the D. pulicaria head shape

nmost comon  in August to Cctober.

I nstar, ~nal ysi s. Figures 12 to 15 illustrate the course of devel-
opnent of the mpbst abundant species in sumer 1975.

Most Daphnia size-classes had two peaks of abundance (Figure |2A),
but the second peak may have been caused by a sanpling error because it
is coincident in all but one class. A substantial population was still
present on the last sanmpling date, so the population nmay have continued
to develop well into the fall.

Ceriodaphnia had two mejor pulses during the sanpling period (Fig-
ure |2B). A small third pulse may have been generated by a snall peak
of eggs that appeared in late August, but the data are inconclusive.

Only a small population of large individuals was present on the |ast
sanpling date and few Ceriodaphnia were present on the first sanpling
date, indicating that nearly all of the non-resting phase of the popul a-
tion Cycle was sanpled.

A single large pulse of Bosm na originated in June, and small

nunbers of eggs produced in late July through August generated a nuch

smaller second pulse in late sunmer (Figure |3A). A single size-class
dom nated the population through August, indicating that devel opnent had
virtually ceased. The data suggest that the entire non-resting phase of

the annual population cycle was conpleted in the sanpling period.
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The Cyclopoida data revealed no consistent pattern of devel opnent
(Figure |I5A) partly because the different species of nauplii and copepo-
dids could not be separated, but nmore inportantly because all three
species in the lake are at least partly benthic and so were not always
susceptible to sanpling. The nauplius and copepodid curves indicate
that three generations of cyclopoids could have developed through the
sanmpling period.

The Calanoida, chiefly Diaptonus |eptopus, 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 from eggs produced in
July by the first generation (Figure |5B). It is not clear from Figure
| 5B whether eggs produced from August to Cctober developed, or whether
all instars ceased devel opnent, but in the calculations it was assuned
t hat devel opnent cont i nued.

The mean day of pulse for several instars could be determined for
Daphnia, Ceriodaphnia, Bosmna and the Calanoida (Figures 12, |3A and
15B) . These data were used to obtain the snoothed curves of nean pulse-
date (Figure 16) and instar devel opnent time (Table 8) that yielded the
nunber of individuals passing through each instar (Figure 17).

As Figure 17 clearly shows, the estimated total nunber of eggs
produced cannot account for the nunber of later size-classes observed in
the Daphnia, Ceriodaphnia or Bosm na popul ati ons. Al three genera pro-
duce ephippial eggs (resting eggs) which are not quantitatively collected
by vertical plankton tows, and which nost Ilikely make up the observed
deficit. The nunber of neonatal Daphnia was under-estimted because the
devel opment time of the subsequent size-class was used to estimate the

devel opment tinme of neonates. The neonatal individuals had a narrower
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Table 8. Devel opnent times for the instars of four planktonic Crustacea,
Ki ngfisher Lake, My to October 1975. Asterisks indicate
estimated tines. mu.: ocular mcrometer units (0.0398 mu
= Zrom) -

Devel opnent  time (days)
Size-class (mu.)

Taxon or instar Pulse 1 Pulse 2 Mean
Daphni a eggs 4.7
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*
Ceri odaphni a eggs 5.3
8- 10 3.5 2.0 2.8
11-13 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
Bosm na eggs 7.0
5-6 8.5
7-8 12.0
9-10 14.0
11-12 14. O*
13-14 14. O*
Cal anoi . da eggs 5.8
naupl i i 9 8 8.5
copepodi ds 17.5 21.5 19.5
adul ts 26 32 29.0
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size-range so they nust have developed nuch faster than did the subse-
guent size-cl ass. Cal anoida egg nunmbers nmay have been slightly under-
estimated because some eggs were produced before the first sanmpling date,
so were nmissed in the counts (Figure 18B).

Devel opnent times could not be determined for the instars of
ScaphoZeberis, PoZyphemus or the Cyclopoida because the instar abundance

data were too sparse or erratic (Figures 13B, 14 and |5A).

Pr oduct i on. Mean sunmer biomass, nean daily production, t ot al
summer production and P/B's for the nobst abundant crustacea are sunmar-
ized in Table 9. Production calculated by the extension of the South-
wood nethod has been adjusted for the mninmum nunber of ephippial eggs
(and neonates, in the case of Daphnia) that nust have developed to pro-
duce the maxi mum nunber observed in later instars as shown in Figure 17.
A simlar adjustnent to the calculations made by the Pechen-Shushkina
method was not possible because the error is not detectable when the
method is used alone, and because production is first cdlculat.ed on a daily
basis but the error could not be attributed to individual days.

The Pechen- Shushki na and unadj ust ed Sout hwood et hods i el ded
very simlar results; in the case of Bosmna results were identical.

Bot h net hods, however, provide underesti mates because they fail to ac-
count for production from ephippial eggs to at |east the neonatal size-
cl ass. The error is relatively small despite the large difference in
estimted egg nunbers, anobunting to less than 11% in the case of Daphnia,
where the discrepancy between unadjusted and adj usted val ues was
greatest. Even the adjusted Sout hwood estimates are at least slightly

| ow because =zero nortality was assumed for the devel oping ephippial eggs.



Table 9. Pr oducti on

Taxon

Daphnia (pul ex group)

Ceri odaphni a

Bosmna longirostris

Scaphol eberis ki ngi

Pol yphemus pedi cul us

Cycl opoi da

Cal anoi da

and biomass (dry weight)
Cct ober, 1975

(140 days). Ast eri sks

Met hod

Pechen- Shushki na

Sout hwood  (unadj ust ed)
Sout hwood  (adj ust ed)

Pechen- Shushki na
Sout hwood  (unadj ust ed)
Sout hwood  (adj ust ed)

Pechen- Shushki na
Sout hwood  (unadj ust ed)
Sout hwood  (a<€i j ust ed)

maxi mum observed bi onass
estimted maxi rum P/B

maxi mum observed bionass
estimted maxi um P/B

maxi mum observed bi onass
Pechen- Shushki na

Sout hwood  (unadj ust ed)
Sout hwood  (adj ust ed)

of pl anktonic
assuned val ues.

indicate

nmean sunmer

bi omass

my m3

76.
76.
76.

N

17.
17.
17.

(&)]

Crustacea in

mean daily

producti on

my m3

»
o

= e
W

o .

.42

~0. 02
~0. 14

[ S
[

Ki ngfisher Lake,

P: production,

total sumer
producti on

- m 3

780
840
940

180
190
200

59
59
64
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;20

~15.7
70
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150

160
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Only crude estimates of production of S. kingi and P. pediculus
were possible because instar developnent tinmes could not be mneasured.
Both species had at |east one generation through the sumer, so the maxi-
mum observed biomass provides a minimum estimate of sumer production.
Calculations of P. pediculus production in Mid Lake showed that summer
P/B's for Cl adocera in Lake Louise area |lakes could be as high as 30 to
40, so 35B should give a reasonable estimate of maximum sunmer P for P.
pediculus and S. kingi in Kingfisher Lake.

The production and biomass figures for Cyclopoida are mninum es-

ti mates. The summer P given in Table 9 is the sum of the nmaxi num obser-
ved biomasses of each of three cohorts. It is based on the assunption
that no individuals died or were missed by the sanpler. Si nce neither

assunption is likely to be true, the actual summer P nust be |arger.

Daphnia had by far the greatest production of any crustacean in the
Ki ngfisher Lake plankton, followed by Ceriodaphnia and the Calanoida.
Bosm na, Pol yphenmus and probably the Cyclopoida had sinilar summer pro-
duction, each ranking after the Cal anoida. Scaphol eberis was the Ieast
important planktonic crustacean in terns of production.
Mud Lake

Species conposition. Daphnia (pulex group) Bosmna longirostris~
Pol yphenus pedicul us, Acanthodi aptomus denticornis and Acanthocyclops ver-
nalis were the nost common crustacean plankters in Md Lake.  Chydorus
sphaericus was occasionally found in the sanples, but was never conmon. A
single specinmen of Daphnia 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 specinmens show ng

characters of two or nore of Daphnia pulex, D.sché¢dleri and D. pulicaria.
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Instar anal ysis. The courses of development of the |argest popula-
tions of Crustacea are shown in Figures 18 and 19.

The three cladoceran populations each had a single |arge pulse be-
ginning in June or July. Bosm na had di sappeared from the plankton by
August and Pol yphenus had becone uncommon by then, but Daphnia continued
to be common until at least early OCctober.

Acant hocycl ops vernalis had three generations during the summer,
but only the first produced a large nunber of copepodids and adults: few
second- gener at i on, and practically no third-generation copepodi ds and
adults appeared in the sanples despite the large nunmbers of nauplii
present through the summer.

Acant hodi aptonus denticornis, the other common copepod in Mid Lake,
had two generations through the sumer 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 presunmably resting
eggs.

The mean days of pulse could be determned for the three cladoceran
species (Figure 18). These data for Daphnia and Pol yphenus, were plotted
agai nst size-class (Figure 20). The smoothed values so obtained plus the
pul se dates calculated for Bosm na (Figure 18B) were used to calculate
the developnment tine of each size-class (Table 10), the devel opnment tinmes
being used in turn to determine the number of individuals passing through
each instar (Figure 21).

As Figure 21 shows, the estimated nunber of eggs (and neonates in

the case of Daphnia) were too low to account for the nunber of indi-
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viduals passing through later instars, the difference presumably being
made up by the hatching of resting eggs. Daphnia neonate numbers were
underestimated because the neonate size range was narrower than that of
the following instar. I ndividuals would have passed quickly through the
neonatal instar and rmuch nmore slowy through the next instar. The tine
between the mean days of pulse of the two stages, used to estimate devel-
opnent tine, would have been spent nostly in the later instar.

The data on Acanthocyclops instar abundance were unsuitable for
determining instar durations (Figure 19A), so total nunbers passing
through each instar could not be calcul ated.

The adequacy of the AcanthodiaptomuB data was checked during the

production cal cul ati ons (Figure 22). The first generation suffered vir-
tually no nortality wuntil maturity was reached. In contrast, the second
generation showed high nortality initially, but little in the late in-
stars. Estimated egg nunbers were adequate to account for the nunbers

of later instars observed.

Pr oducti on. Bi onass and production rmeasurenents are presented in
Table 11. The Pechen- Shushki na and unadj usted Sout hwood nethods were
in reasonably good agreenment but both underestimted production because
they did not account for production from ephippia to the first size-
cl ass. The degree of error in the wunadjusted Sout hwood nethod was about
16% in the case of Daphnia, but was less for Bosmna and Polyphenus,
when the adjusted and unadjusted figures were conpared.

The sum of the maxi num bionasses observed in each of the three

generations was the only measure of production available for Acanthocy-
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Table 11. Pr oducti on

and biomass (dry weight)

1975 (139 days).

Taxon

Daphnia  (pu"l ex group)

Bosmna "longirostris

Po"l yphenus pediau”l us

Aaant hoaya"l ops verna"lis

Aaant hodi apt onus
dentiaornis

Bi omass cal cul ated
per cohort.

Production not referable

from A len Curves

Met hod

Pechen- Shushki na
Sout hwood  (unadj ust ed)
Sout hwood  ( adj ust ed)

Pechen- Shushki na
Sout hwood  (unadj ust ed)
Sout hwood  ~dj ust ed)

Pechen- Shushki na

Sout hwood  (unadjust ed)
Sout hwood  <adj ust ed)

maxi num observed bionass

Allen Curve, generation
Allen Curve, generation
whol e sunmer

(Figure 22)
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clops vernalis. Actual production nust have been at least equal to the
sum of maxi mum bi onasses, and was probably greater because production by
many individuals that died before reaching maturity was not included.

Despite the great difference in the pattern of nortality between
the two generations of Acanthodiaptonus, production of both generations
was simlar. The greater production of early instars of the second gen-
eration was largely conmpensated for by a higher nortality rate.

Daphnia had by far the greatest production anmong the planktonic
crustaceans, followed by Acanthodiaptonus. Actual production of Acan-
thocycl ops could have been near that of Bosmina and Pol yphemus, which

had simlar sumer production, ranking third and fourth, respectively.

Morai ne Lake

Diaptomus al'cticus Marsh, 1920 was by far the npbst abundant crus-
tacean in the plankton, Daphnia mddendorffiana Fischer, 1851 being
sparsely represented in the sanples on all three sanpling dates. Only
one specinen of the cyclopoi dAcanthocycl ops vernalis was found.

Copepodids donminated the Diaptomus arcticus population in July
and August, but by Septenber alnbst 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 sedinents (see Mraine Lake ben-
thic data, Section 4), but no nore than 5% of the population was benthic
on anyone sanmpling date.

Annual production by Diaptonus arcticus estimated from the Allen
Curve in Figure 23B was 65 ng m 3 dry weight, including the benthic por-

tion of the popul ation. The observed sumrer B for 1975 including benthic
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D. arcticus, was 33.9 ng mS dry weight, giving a summer P/E of 1.9.
The cohort E calculated from Fi gure 23B was 26.3 ng m3 dry weight,
yielding a P/IB of 2.5 per cohort.

Too few Daphnia m ddendorffiana were collected for an adequate
instar analysis: the nmaxi num observed abundance was only 117 m3. The
only available estimte of production was the product of the observed
summer B and an assumed summer PlE.  In Baker Lake D. mniddendorffiana
had a summer P/B near 8.5 (see below), so the B of 1.81 ng m 3 for the

same species in Mraine Lake was nmltiplied by 85 to obtain an estim

ated sumrer P of approximately 15 ng m 3 dry weight.

Lower Consol ation Lake

The calanoid copepod Diaptomus tyrrelli Popp~ 1888 was the only
crustacean present in the plankton in significant nunbers. The only
other planktonic crustacean present was Aoanthooyolops vernalis, of

which one specinen was found in the sanples.

D. tyrrelli nauplii and copepodids co-dominated the population in
June (Figure 24A). By early August, many had matured and sone eggs were
pr oduced. In Septenber nearly all of the population was mature and nany

fermal es were carrying eggs.

The method used to estimate the nunmber of eggs giving rise to the
D. tyrrelli population yielded an underestimate (Figure 24B). The true
nunber of eggs nust have been at |east the number of individuals ob-
served on the first sanpling date, so this was taken to be the best

avai l able estimate of egg nunbers and production was calculated accord-

ingly.



2| ~ eggs
0]
10
8]. ~ 16
7 6]. ~ nauplii
E 4

~
28" ot
I copepod ids I
Z
21 ~ 8
0]
~I adults
0]
Fi gure 24. Instar abundance diagrams and an Allen
curve for Diaptonus tyrreZZi in Lower 4

Consol ati on Lake. Wis in dry weight.

\

W, pg



78

Annual production of D. tyrrelli was at least 150 my m3 dry
wei ght . Mean biomass calculated from the sanples was 46.2 mg m 3 dry
weight, vyielding a P/B of = 3.3. Mean biomass calculated from the Allen

Curve was 53.12 ng m 3 dry weight, giving a P/B of 2.9 per cohort.

Baker Lake

The mpbst abundant crustacean species in the Baker Lake plankton
were Daphnia mddendorffiana, Diaptomus tyrrelli and Diaptonus arcticus.
Chydorus sphaericus and Acanthocyclops vernalis occurred infrequently in
the sanples.

Daphnia m ddendorffiana produced a single pulse of eggs in August
(Figure 25A). Pulses in later instars appear to be a conposite of ani-
mals present in July and animals arising from the August egg pul sei
consequently only crude estimates of size-class developnment times were
possi bl e.

The mean water tenmperature of Baker Lake nust not have exceeded
10°C (Figure 11), vyielding a calculated egg developnent 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 nunbers passing through each class (Figure 25B). As ex-
pected, nunbers in some size-classes were overestinmated and others were
under esti mat ed, the line drawn through the points by eye, providing the
best available estimate of number in each class (conparable to Richards
and Wiloff's first method; Southwood 1966:281). Egg nunbers were under-

estimated because animals present on the first sanpling date had hatched
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prior to that date from eggs that were not sanpled. Simlarly, the neo-
natal size-class may have been underesti mated in part because of an over-
estimated developnent time, and in part because nmany in the class de-
vel oped before the first sanpling date.

The nunbers passing through each size-class were read from the
line in Figure 25B and production was calculated by the Southwood nethod.

To the nearest 50 ng, summer production of D. mddendorffiana was 450 ny

m 3 dry weight. Mean summer biomass was 52.73 ng m3, vyielding a sumrer
P/B of 8.5.

The Diaptonmus tyrreZZi population consisted nostly of copepodids
in late July, but by late August nost of the population was nature. The

adults produced a peak of eggs in early Septenber (Figure 26A).

Annual production of D. tyrreZZi calculated from Figure 26B was
57 ng m3 dry weight. Mean summer biomass was 31.6 ng m 3 dry weight,
resulting in a P/B of 1.8. From the Allen Curve B = 24.62 ny m 3 dry
weight, giving a cohort P/B of 2. 3.

By the time Baker Lake was first sanpled in late July, 1975, the
Diaptonus arcticus population consisted mainly of copepodids (Figure 27).
By late August alnmpst the entire population was mature, but as of the
late Septenmber sanpling 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
cal culation here.

Wthout weither an estimate of the nunber of eggs giving rise to
the generation or the nunber of early nauplii produced, it was not pos-

sible to construct an Allen Curve for Diaptonus arcticus. The only
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avail able estimate of production was the product of the mean observed

-+
bi omass and an estinated P/B. The nean P/B -

SE for four calanoid popu-
lations in the present study plus one calculated for Snowflake Lake
Diaptonus tyrrelli (see Discussion) was 2.24 % 0.28. The summer B for
D. arcticus in Baker Lake of 41.5 ny m 3 dry weight was nmUtiplied by

2.24 to obtain an estimated annual production of 90 ngy m 3.

Pt armi gan Lake

Diaptonus tyrrelli was the only crustacean that was at all abun-
dant in the plankton of Ptarmigan Lake. Specinmens of Daphnia m dden-
dorffiana and Chydorus sphaericus were rarely found (not more than two
per one-eighth subsanple).

The Diaptonus tyrrelZi population was conposed of nearly equal
nunbers of nauplii and copepodids in late July, 1975 (Figure 28A). By
late August nost individuals were in the copepodid stage, and by late
Sept enber nobst were mature, many of the females carrying eggs.

Production by the cohort as calculated from Figure 28B was ap-
proximtely 60 ng m 3 dry weight. Cohort B calculated from the Allen
Curve was 24.30 ng m3 dry weight and observed sunmer _B_V3\IHS 27.3 mg m

dry weight, vyielding a cohort P/B of 2.6, or a P/B of 2.3 (observed B).

DI SCUSSI ON
Annual  Production

Data on annual production would inprove the conparability of the
zoopl ankton production estimates. Most of the cal cul ati ons, however,

estimated only summer production.
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The instar abundance data suggest that nost of the cladoceran
popul ati ons conpleted nost or all of their annual production during the
sanpling period. In Kingfisher and Mid Lakes, few or no Ceriodaphnia,
Bosm na, Scaphol eberis or Pol yphemus were present on the earliest and
latest sanmpling dates (Figures 12B, 13, 14, 18B and C). Daphnia was
present in both |akes on either the earliest or latest sanpling dates,
but at much |ower abundance than in m d-summer (Figures |2A, [8A). I'n
Baker Lake, however, Daphnia m ddendorffiana was common in the earliest
sample, indicating that sone early-season production was mssed (Fig-
ure 25A).

Because of the way the Allen Curve nethod was used, the cal anoid
producti on rmeasurements nade by the nmethod are estimates of annual pro-
ducti on. The methods wused 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 |5B). The maxi mum bionmass estimtes of
cyclopoid production are mnimm estimtes of sumer production and
therefore of annual production as well.

Species counts of 3 Canadian WIldlife Service wnter collections
(Anderson, unpublished data) tend to support the conclusion that sumer
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 m3 and 1500 m3, respectively; 71-11-09), but are
scarce or absent in md-winter (74-02-15).  Scaphol eberis and Poly-
phenus were absent on both of these dates. Bosm na was absent from the

late fall sanmple and uncomon (850 m3) in the md-winter sanple.
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Cycl opoids were uncommon at nost under the winter ice and were all adult
(450 m3; 74-02-15). Diaptomus |eptopus was the only calanoid present
in winter, existing only as copepodids and adults in both Novenber and
February, so it appears that little or no calanoid production' occurs in
wi nter. In a mid-winter sanple from Mud Lake (74-02-15), Acanthodiap-

tonus was absent, Daphnia and Orthocyclops were rare «100 m3) and

Acant hocycl ops nauplii, copepodids and adults were uncommon «1000 m 3,
so there could have been little winter production in Mid Lake. On the
basis of the above considerations, the sumer P values were accepted as

satisfactory estimates of annual production for all further calculations
and comparisons. Sone slight upward adjustment of sunmer P could have
been nmade 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 bionmass deterni nations, smal | -scal e ad-

justments were considered to be superfluous.

Conpari son of Pechen- Shushki na and Sout hwood Met hods

For the 7 populations in which Pechen-Shushkina and adj usted
Sout hwood estinmates were conpared, the former were from 6 to 25% | ower
than the latter (X: 159 . Alnost half of this difference resulted from
the adjusted to the Southwood estimates, because the Pechen-Shushki na
method gave results averaging only 8% lower than the unadjusted Sout h-
wood figures (range 0 - 23%. The difference in results from the un-
adj usted Sout hwood and Pechen- Shushki na methods are due to the use of
abundance data integrated over the entire season in the Southwood rmethod
as opposed to the use of seasonal neans of point estimates in the Pechen-

Shushki na nethod, because both nethods use identical daily abundance,
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growth and devel opment time data in an anal ogous way. The Sout hwood
method has the advantage of readily revealing errors in abundance estim
ates, such as the underestimates of cladoceran egg nunbers in this study,
whi ch the Pechen- Shushki na met hod does not do. The adjusted Southwood
estimates areche nost reliable because they include production by eggs
or early instars that were missed in the sanpling, so it is these ad-

justed estimates that have been used in subsequent calcul ations.

P/ B Ratios

There is now considerable evidence that assumed production-to-
bi omass ratios (P/B's) can be used in conjunction wth biomss deter-
m nations to make reasonable estimates of production in many inverte-
brate popul ations (Waters 1969, 1977; Mann and Brylinsky 1975; see also
Part 4 of this study). Estimtes of production from P/B and bionmass
data are commonly wused by eastern European |immologists (e.g. Gak et aZ
1972, Kajak et aZ. 1972), but the method has been rarely used in North
Aneri ca. Data from this study provide information on P/B for several
crustacean plankton popU ations that could help in estimating crustacean
pl ankton production in simlar Rocky Mountain | akes.

The P/B per cohort was remarkably similar anong the cal anoid
popul ations studied, ranging from 2.0 to 4.1 for the populations in
whi ch production was calculated from Allen Curves (6 cohorts). In King-
fisher Lake, calanoids which had P/B = 9.2 had two principal generations
of about equal size, so PIB per cohort was 4.6. A cohort P/B of 2.1 was
obtained for Diaptonus tyrreZZi in Snowflake Lake when production was

calculated from Anderson's (1968b) raw data by the Allen Curve nethod
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(see below ). The nean t SEof these el-ght P/'B estimates was 2.89 T 0.34.
In five of the calanoid populations a generation |asted one whole
year (see also Anderson 1971, 1972), but neasured sumer B (as opposed
to B calculated from Allen Curves) was available for only the ice-free
peri od. Since sumrer B was taken near the end of the life cycle in these
popul ati ons, it is possible that sunmer 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 nean cohort P/B calculated abov~ and was used to
estimate Diaptomus aretieus production in Baker Lake.
Cal anoid cohort P/B found in this study are simlar to those re-
ported in the literature. Li moeal anus macrurus Sars had a 4-year aver-

age cohort P/B of 2.98 in Char Lake, N.WT. (Rigler et ale 1974i Rigler

1975). Rey and Capbl ancq (1975) reported an annual P/B of 2.5 for wuni-
voltine Mxodiaptonus laeiniatus (tilljeborg) in a Pyrenees subalpine
| ake. It appears that a reasonable estimate of calanoid cohort produc-

tion is about3 tines the nean bionass, and that if the nunber of cohorts
(generations) per year is known, P/B tinmes nmean biomass would provide a
rough estimate of annual production.

Cl adocera, which were significant producers in three of the six
| akes, had nmuch npbre variable P/B's than did the Cal anoida, probably be-
cause the lack of discrete «cladoceran generations nmade it inpossible to
calculate cohort P/B. Summer P/B's ranged from 8.5 for Daphnia m dden-
dorffiana in Baker Lake to 38 for Polyphemus in Mud Lake. Summer P/B's
for a single species, Bosmna longirostris, ranged from 10.1 in King-
fisher Lake to 22 in Md Lake.

A simlar broad range exists in the literature, even when only
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other mountain or unproductive |ake types are considered. I'n
a Russian arctic |lake Daphnia cpistata Sars had a sumrer P/B of 26.2
(Alinmov et aZ. 1972); in Lake Port-Bielh in the Pyrenees, Daphnia Zong-
ispina (QF. Miller) had a P/B of 2.5 (Rey and Capblancq 1975), values
wi dely bracketing those observed for the same genus in this study (8.5
to 14.9). The summer P/B for D. cpistata cited above is conparable to
that calculated for Ceriodaphnia in Kingfisher Lake (28) and that found
for Bosmna in Mud Lake (22). The very high sunmer P/B of 38 found for
Miud Lake PoZyphemus 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 nore typical (Wnberg et at. 1972; Gak et aZ 1972i Alinov
et aZ. 1972; Andronikova et at. 1972).

The mean = SE sumer P/B for all 7 cladoceran 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 inprovement in precision. It is possible that additional detailed
work on unproductive lakes wll reveal consistencies in the P/Bs of
their cladoceran popU ations; 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

producti on.

conmunity Production
In calculating conmunity production, it is theoretically perms-
sible to add together production of individual species populations only

if none of the species preys on others wthin the conmmunity: to add pre-
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dator production to that of its prey in effect counts predator produc-
tion twice (Wnberg 1971:5; Wnberg et al . 1971: 296) . To overconme the

problem  predaceous and non-predaceous production should be calcul ated

separately. It is difficult to do this in practice because many plank-
tonic animals feed at nore than one trophic |evel. Many predators are
predaceous for only part of their life cycles, my prey partly outside

the plankton community, or may be only partly predaceous wthin the
conmuni ty. For exanple, late instars of cyclopoids are often predaceous
but the early instars are non-predaceous (McQueen 1969). The |arge
calanoid Diaptomus arcticus, important in Baker and Moraine |akes, preys
on D. tyrrelli (Anderson 1970c), but its early instars nust be nonpre-
daceous, and even its late instars probably consune non-planktonic food
and are omivorous (Anderson 1970c).

In calculating production of the crustacean plankton comunities
in each |ake, the production of at |east partly predaceous and non-pre-
daceous species were presented separately, then production by the two
groups was sunmed to obtain a nmeasure of total annual conmmunity produc-
tion (Table 12). This procedure vyields a maximum estimte, but the
error involved is unlikely to be large because production by at |east
partly predaceous species was usually small relative to that of non-
predaceous species. Fur t her nor e, 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 |ake volune, King-

fisher Lake had the npbst productive crustacean plankton conmunity.



Table 12. Annual production

to that in selected

BICMASS
B (rgm 3)
Lake NonPredators Predators
Ki ngf i sher 108.0 11
Mud 56.0 3.9
Mor ai ne 35.7
Lower Consol ation 46.2
Baker 84.3 41.5
Pt arm gan 27.3
Snowf | ake , Al berta
Snowf | ake, Al berta 52
Teardrop, Alberta
V. Finstertal ersee
Austria

Port-Biel h, France
Char, N WT. 8.7
Krivoe, USSR 9.6 5.2
Krugloe, U S.S. R 65 19
Clear, S.Ontario 200
239,NW Ontraio 20
Bai kal , U.S. S. R 2| 16
Red, U S.S.R 120 22
Severson, Minn.
MWastro, U.S. S R 280 42
Batorin U S. S R 440 120

and rreanbicrnass (dry weight)

| akes throughout the world. Asterisk
PRCOUCTION
NonPredators Predators

Tot al P P/ B P P/ B
-- rmrg m-3 _ rag m-3 _ rag m-
119 1380 13 80 7 1460
59.9 660 12 30 8 690
35.7 80 2 80
46.2 150 3 150
126 510 6 90  2.24* 600
27.3 60 2 60
80 80
52 100 1.9 100
980
8
210
26 3 26
15 130 14 26 5.0 160
84 810 |2 236 |2 1050

2990 15
190 10
37 280 13 36 22
|42 2200 18 180 8.2
3400
322 3700 13 500 12
560 6870 16 1480 12

of pl anktonic

Tot al

mg m-2

2920
| 660
770
880
3240
420

490
600
580
120
1900
270
1910

I 570

Crustacea
indicates assumed val ue.

nl B

NUTw N NN

1.9

2.5

11

in the six Lake |Duise-area |akes carpared

Source and ColTrents

This study

This study

This study D.arcticu$ non-predaceous

This study

This study D.arcticu$ predaceous

This study

O'HER MXJNTAIN IAKES

Anderson  (1975) al pine |ake

Recal cul ated from Anderson (1968b)Allen CUrve

Anderson (1975) al pine pond

Pechl aner et al. (1972) alpine |ake plank-
tonic portion of population only

Rey & capblang (1975) approximate data
FAR NORTHERN IAKES

Rigler et al. (1974) & Rigler(1975) polar
lake Prange 17-31 rrg m-3

Alilrov et al. (1972)arctic |ake vegetative
peri ods

Alilrov et al. (1972)arctic |ake vegetative
season

CANADIAN SHIEID |IAKES
schindl er (1972) Predaceous
Schi ndl er (1972) Predaceous
A UNIQUE IAKE

Mbskal enko & Votinsev(1972) 0-50m
PRCDUCTI VE  IAKES

Androni kova et al. (1972)My- Cct. boreal
Camita(l972) prairie |ake

Wnberg et al. (1972)My-Cct. Byel orussia
Wnberg et al. (1972)May-Cct. Byel orussia

cycl opoid abundant
cycl opoi d abundant

\.0
1
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The Baker and Mud Lake planktonic crustacean comunities had sinilar
productivities, but were less than half as productive as those in King-
fisher Lake. Crustacean plankton production was approximately the sane
in Mraine, Lower Consolation and Ptarmigan Lakes, being one-quarter or
less than that in Baker and Mid Lakes, and one-tenth or |ess than that
in Kingfisher Lake. Overall, there was a 24-fold difference in crus-

tacean plankton production between the nost and the |east productive

| akes.

The relative productivities of four of the six comunities can be
readily accounted for. Ptarmi gan Lake is the highest in elevation of
any of the lakes, is one of the deepest, has one of the shortest ice-free

peri ods, has water with the |owest m neral content, and is anong the
col dest of the |akes. Morai ne and Lower Consol ati on, the other two | ow
productivity lakes with respect to their crustacean plankton communities,

are very cold, have waters wth |ow mneral content, have a short ice-

free season and have short water renewal tines. In addition, Mor ai ne
Lake is the deepest of the six |akes. Ki ngfisher Lake, on the other
hand, is the warnest, shal | onest, |owest in elevation, has one of the

longest ice-free periods, has water with one of the highest mneral con-
tents, and probably has the |ongest water renewal tine.

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 nost
dilute water, Baker Lake annual crustacean plankton production was near

that of Mud Lake, a lake 600 m lower, shallower, warner, wth a |onger
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ice-free season and water with the highest dissolved solids of the six

| akes.

m gan

Fur t her nor e, al though Baker Lake is only 122 m lower than Ptar-

Lake, and is only slightly shallower, slightly warmer, has only

slightly less dilute water, and is within 2 km of Ptarm gan Lake in

simlar

terrain, the crustacean plankton annual production in Baker Lake

was 10 times that in Ptarm gan Lake.

pl ankt on

Simlarly, the nmore than two-fold difference in crustacean

production of Md and Kingfisher Lakes is difficult to explain

in view of the considerable physical simlarity of the two |akes. Al -

though Mud Lake is mobre than three tinmes the area of Kingfisher Lake,

the | akes have simlar nmean depths, are located at about the same eleva-

tion, in simlar terrain and in the same geol ogical formation within 4
km of each other, have similar bottom types, |I|ight penetration, wat er
colour and water chemical conposition.

The differences in crustacean plankton production anong the six
|l akes were due alnobst entirely to differences in cladoceran production,

particularly that of Daphni a spp. Cyclopoid production was |ow or absent

in all

| ess of

gy

six |akes, and calanoid production was relatively constant regard-

species, voltinism or nunber of species, ranging from 60 to 160

m3yr 1l Gise = 117.0 Y181, n = 6.

On the other hand, total nonpredaceous cladoceran production

ranged from O to 1200 ngy m 3 yr-', and the range for Daphnia producti on

alone was nearly as large (0 to 940 ng m 3 yr-'). In the three nost

productive |akes Daphnia was by far the nmpst productive crustacean plank-

ter (64 to 75% of total production), reachi ng abundances nuch greater

than 10, 000 m3 on individual sanmpling dates in Kingfisher and Md Lakes,
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and greater than 1000 m3 for the nuch larger species in Baker Lake. I'n
contrast, Daphnia was rare in or absent from the three |east productive
| akes.

VWhatever factors are controlling the distribution and abundance
of Daphnia spp. are responsible for nobst of the variation in crustacean
pl ankton production anong the six |akes. The identity of these factors
remains to be determned, but two possibilities seem worth investigating.
The six |akes have all been heavily stocked with trout in the past (Parks
Canada stocking records), and marked reductions or elimnation of |arge
speci es of Daphnia have been associated wth trout introductions in high
Rocky Mountain |akes (Anderson 1972). A second possibility is suggested
by the work of Alan (1976), who hypothesized that in a nutritional1ly-
dilute environment copepods should have a conpetitive advantage over
cl adocerans because copepods are able to capture a w der range of par-
ticle sizes. Carbon-14 experiments done in the six |akes (Mayhood and
Anderson 1976, and unpublished data) suggest that planktonic primry
productivity is higher in the three |akes having the highest Daphnia pr o-
duction than it is in the three l|akes having little or no Daphnia produc-
tion, the principal crustacean producer in the latter |akes being a
cal anoi d.

The foregoing discussion conmpared the six |akes on the basis of
crustacean plankton production per unit of |ake volune. From the point
of view of assessing fish food productivity this is the npost relevant
unit for conparison: fish predators nust search a volune of water, so
the concentration of plankton organisns and their productivity is of
greatest inportance. The |akes can also be conpared on the basis of

crustacean plankton production per unit of |ake surface, which is the
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more relevant nmeasure from sonme points of view, for exanple, in assessing
the supply of dead plankton available to benthic organismns. According to
the latter neasure, Baker Lake is the nobst productive of the six |akes,
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 nore under one square netre of surface. The re-
maining |akes do not change rank because the differences in depth are
insufficient to conpletely conpensate for their differences in produc-
tion per cubic netre. There is considerable compensation, however, o)
that the 24-fold difference in crustacean pl ankton production per
cubic metre between the nbst and |east productive |lakes is reduced to
less than an 8-fold difference on an areal basis.

Table 12 conpares crustacean plankton productivity in the 6 Lake
Loui se-area lakes with that in several other npuntain, northern and
Shield | akes. Figures for four noderately to highly-productive wat er s
are given to provide an indication of the range that has been found for
the world s natural |akes. The following discussion refers to nonpre-
dator production per wunit volune.

Pt ar m gan, Moraine and Lower Consolation Lakes had annual crusta-
cean plankton production simlar to that in nearby alpine Snowflake Lake,
Banff Nati onal Park, and to that in the Russian Arctic Lake Krivoe;
hi gher than that in Char Lake, Cornwallis Island, N WT., and Vorderer
Fi nstertal ersee, an Austrian alpine lake; but lower than that in several

other | ow productivity | akes. Annual crustacean plankton production in
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Mud and Baker Lakes was conparable to that in Krugloe, a shallow Russian

arctic | ake. Crustacean plankton production in Kingfisher Lake was |ower
than that found in productive |akes, but was high enough to label it nod-
erately productive. In short, Ptarmigan, Mraine and Lower Consol ation

are anong the |east productive |akes studied with respect to their crus-
tacean plankton production; Mud and Baker Lakes appear to be near the md-
range for oligotrophic |akes, and Kingfisher Lake has a noderately pro-
ductive zooplankton comunity.

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 Diaptonus tyrrelli
mostly from primary productivity data (Anderson 1968b) and sone deter-
mnations of D. tyrreZli filtering rate. | used his raw data on D
tyrrelli 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 Muntain |akes with respect to several of
their physical and chem cal attri butes. Mor ai ne, Lower Consol ati on,

Ptarm gan and Baker Lakes have crustacean plankton communities that
occur conmonly in lakes of the Rocky Muntain region, wth respect both
to species conposition and popul ation abundance (Anderson 1971, 1974a),
so can be considered as having representative crustacean plankton com
muni ties. The zooplankton comunities of Md and Kingfisher Lakes are

simlar to others in Rocky Muntain |akes, particularly those in the non-
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tane zonei but one of their species, Acanthodiaptonus denticornis, is ap-
parently restricted to the Bow River valley (Anderson 1974a) in the

Rocky Muntain area. A denticornis was relatively scarce in Kingfisher

Lake in 1975, however, its place being taken by Diaptonus |eptopus.
Because there was little difference in the annual calanoid production
between Mud and Kingfisher Lakes, it seens unlikely that the presence of
A denticornis in either lake is influential enough to rate the crusta-
cean comunities as atypical wth respect to production. On grounds of
their physical, chenical and biological simlarities to other Rocky
Mountain |akes, the six Lake Louise-area |lakes studied likely showed a

broad range of the crustacean plankton production to be expected in al-

pine and subal pine trout-inhabited | akes 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  inportant in abundance and biomass in the various |akes, and pre-
sents the bionmass data required for the production calculations. The

second analyzes some of the npbst inportant macro invertebrate popul ations
in each lake to provide data on voltinism required for the production

cal cul ati ons. The third analyzes published data on nmacro invertebrate P/B
for use in the production calculations and presents the production es-

ti mat es.

SPECI ES COVPGCSI TI ON, ABUNDANCE AND BI QVASS
Cal cul ations and Methods Evaluation

The mean abundances of benthic fauna were calculated from the
counts of animals collected by Ekman grab. The mean biomasses of nmajor
taxa were calculated for each sanpling date from the preserved wet
weights of the groups in the Ekman grab collections.

Sanpl er efficiency. A standard Ekman grab of the size used in
this study was evaluated by Flannagan (1970). VWhen conpared wth diver-
collected cores in nud substrate, the Ekman grab significantly under-
estimated oligochaete abundance (approximate efficiency 65%, but pro-
vided satisfactory abundance estimates for chironomds, sphaerids and
total macroinvertebrates. Among eight sanplers tested the standard Ekman

grab was second only to the FRB rmnultiple-corer in its efficiency in col-
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lecting total nmacroinvertebrates, and was the nost efficient in col -

l ecting chirononids.

The standard Ekman is subject to "wash-out" (loss of animals
from the top of the sanple) 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 sedinents. An attempt was made to mini-

mze frontal wave and wash-out effects by locating the |ake bottom wth

the grab, lowering the grab gently nearby, then raising the sanpler
carefully at a constant rate after tripping the release. Wash-out was
probably uni nport ant in shallow sanmples because it could be directly

observed and the sanple could be re-taken.

Si eve efficiency. Invertebrates were sorted from the substrate
by passing the sample through a sieve having apertures of 0.36 x 0.52 rom
the taxa retained being arbitrarily defined as nacroinvertebrates. Ac-
cording to Jonasson (1955), sieves with a pore size of 0.51 rommay fail
to quantitatively retain Tubificidae and chironomds as large as 6 romin
length, but satisfactorily retain Chaoborus |larvae, tubificid cocoons and
sphaerid clans. Head capsule dinmensions are thought to determ ne
whet her chirononmids are retained: Jonasson found chirononmds having head
capsule w dths of approximately 0.5 romor greater did not pass through
the 0.5l-romnesh aperture. In contrast, Mitland et aZ (1972) found

that the 0.5-rommesh aperture retained virtually all Stictochirononus

larvae nore than 3.5 mm in Iength', but retained only 0 to 7% of the
1 The units of their Figure 2 nust be mllimetres, not centinetres as
mar ked. Chironomid larvae do not attain a length of 14 cm as the Fig-

ure shows, but lengths of |14 mm are typical of numerous species.
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smal | est size-classes wup to 2 romin |ength.

According to Jonasson's (1955) hypothesis, retention of chiro-
nomds in this study would presumably have been limited by the relation-
ship of head depth and the smaller dinension of the mesh aperture. Head
depths of many small species such as Tanytarsus, Mcropsectra, Corynon-
eura and PagastieZla were less than 0.36 rom so these species may have
been largely missed if Jonasson's hypothesis is correct. If the rela-
tionship observed by Mitland et al. (1972) applies, all but the first
or second instars of nmpbst chironomd species would have been collected
quantitatively, because third, fourth and usually second-instar | arvae
exceeded 3.5 mm in |ength.

Regardl ess of the effect of sieve aperture size on the abundance
estimates, probably little nacroinvertebrate bi omass was |ost through the
sieve used. Maitland et al. (1972) reported that summer production of
Stictochironomus estimated by using the 0.5-romaperture sieve was 90.6%
of the total, and that over the entire year the underestimate was just
2. 7% Simlarly, Zelt and difford (1972) noted that a net of 0.72 rom
mesh aperture wunderestimated the biomass of stream insects by only 5%
but abundance by 50% when conpared to a net of 0.32 romnesh aperture.

In general, one would expect that failure to include small in-
di viduals would not seriously wunderestimate total biomass because of the
large nunber of small individuals that equal the weight of one large in-
di vi dual . If, as Waters (1977:112) suggests, the ratio of maximm to
m nimum weight in freshwater animals is usually in the range of 100:1 to
500:1, then about 100 to 500 smmll individuals would have to be |ost 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% underestinmate of bionass. Such low efficiencies (I to 25%
with respect to nunmbers were sonetinmes approached in the data of Jonas-
son (1955) and Maitland €t aZ. (1972) for particular species on particu-
lar days, but for larger taxonomic groups such as Chironomdae in which
cohorts overlap, or over long time intervals, such low sieve efficien-
cies are highly wunlikely. A nore realistic estimate would be that over-
all sieving efficiencies are likely to be in the order of 50% with res-
pect to nunbers (Jonasson 1955; Miitland €t aZ. 1972), and 90% with

respect to bionass.

Effect of preservatives on wet weight. Recent studies have
denonstrated a strong effect of preservatives on the wet or dry weight
of benthic invertebrates (Howmiller 1972i Stanford 1973; Hare 1976i
Donald and Paterson 1977), although the wet and dry weights of planktonic
invertebrates are apparently unaffected by preservation in 10% formalin
(Bottrell et aZ. 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 |ive weight,
and if not, to obtain correction factors wth which the biomss neasure-
ments could be adjusted.

Tests were run on QOigochaeta, HyaZeZZa azteca (Saussure) and
Gammarus Zacustris Sars. The animals were weighed alive, preserved in
3.7% formal dehyde (Shawi nigan Brand stock formalin solution, MArthur

Cheni cal Conpany, 37% formal dehyde and 63% water and nethanol) in Cal-
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I
gary tapwater (mean conductivity X standard deviation = 380 % 47 pS cm

@200C, 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
Met hods, p. 23), by replacing the animals in preservative for one minute
after each weighing, then repeating the weighing procedure.

The blot-dry weighing nmethod 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 nean X standard deviation (SD)
of 1.80 ! o0.82. Since 95% of individual weight neasurenents should fall
within 2SD of the true nean, fewer than 5% of the weight determ nations
of the benthic macroinvertebrates should differ from the true values by
nmore than approximately 7% (i.e., 2 x 3.39%, if it is assuned that the
test data are representative of all sanples weighed.

Weight determinations made four to five nonths after fixation

underestimated I|ive weights of the three test taxa by 2 to 22% (Table 13).
Weights nmeasured 3.5 to 4 years after fixation underestimated live
wei ghts of @Ganmarus and digochaeta by 17 and 25% respectively. All

three taxa showed an imediate 5 to 12% drop in weight upon fixation
(the animals were weighed within 10 minutes of death from the preserva-
tive) .

O the four previous studies on the effect of preservatives on
wet weight of benthic invertebrates <cited earlier, only that of Donald
and Paterson (1977) enployed both a weighing nmethod and preservative
simlar to that used here. Donal d and Paterson, studyi ng chironom ds,

found a Chirononus species to have gained 10 to 15% in wet weight after



Table 13. Changes in the wet

f or mal dehyde

01li gochaet a

Proportion

Days After Mean wei ght + SD of Live
Preservati on (g9 n =3 Wi ght
0 (live) 0.0547 %= 0.0008 1.00
O (preserved) 0.0505 =+ 0.0013 0.92

1
2
16
50 0.0573 = 0.0016 1.05
74
85

1 25

134 0.0534 t 0.0006 0.98

250
1356
1405 0.0411 t 0.0004 0.75

sol uti

in 3.7%

Proportion

of

Live

Wi ght

1.
0.

00
95

.00

.97

.89

.89

wei ght  of t hree nmcroi nvertebrates preserved
on. SD: standard deviation.
13 Hyalella azteca 30 Gammarus lacustY'is
Proportion
Mean Wei ght + SD of Live Mean Wei ght + SD
@ n =3 Wi ght (g) n =3
0.0448 =+ 0.005 1.00 0.4270 %= 0.0061
0.0393 + 0.0012 0. 88 0.4071 %= 0.0033
0.0383 % 0.0013 0. 85
0.4286 = 0.0063
0.4129 = 0.0048
0.0370 £ 0.0010 0. 83
0.3818 =+ 0.0053
0.0349 t 0.0008 0.78
0.3790 * 0.0069
0.3552 * 0.0038

.83

20T
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being preserved for 100 days, and found Procladius sp. and Metriocnenus
to have lost approximately 15% of their live weight after 100 days in
preservative. Beyond 100 days weights of Chirononus had stabilized, but
those of Procladius and Metriocnemus fluctuated about a level of 10%
wei ght | oss. A fourth species of chirononmid tested by Donald and Pater-
son |lost 45% of its live weight after preservation, but these specinens
had been transferred from an extrenely saline habitat (conductivity
42,000 to 45,000 pS cm ! @20°C) to distilled water plus 10% formalin,
so osnotic stress may account for the very large weight |oss.

Available results have not provided a correction factor that
can be generally applied to data on preserved wet weight to estimate |Ilive
wei ght . 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 overestinmated by as much as 15% when 10% for-
mal i n-preserved wet weight is obtained by a blot-dry technique after 200
to 500 days in preservative, as was done in this study. Conmunity bio-
masses and biomasses of taxa with nany species may be underestimated by
only 5 to 10% however, because weight gains by a few taxa would par-
tially conpensate for weight |osses by npbst taxa. After the nany uncer-
tainties in the available information were considered, no attenpt was

made to adjust the bionmass or production estimates nmade in this study.

Resul ts
Ki ngfi sher Lake. Energent sedges (Carex L.) occurred sparsely
around the shoreline of Kingfisher Lake, as did Sparganium (Tourn.) L.

A small, dense clunmp of Chara Valliant grew at the 2-m contour at the
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sout heast end of the lake, and a smaller clunp of Mriophyllum L. oc-
curred within 1 m of the northwest shore. Pot anbgeton sp., either P.
pectinatus L. or P. filiforms Pers., was sparsely distributed through-
out the 0- to 2-m zone, and Menyanthes trifoliata L. projected into the
water from shore in several places. Total coverage by macrophytes in
Ki ngfi sher Lake was no nore than 5% of the bottom area.

Hyalella azteca was the nost abundant macroinvertebrate in the
sanples, followed distantly by the chironomids Cl adotanytarsus, Tany-
tarsus and Pagastiella, and by ceratopogonids (Table 14). Nearly all
taxa were |less abundant in sanples taken from below 2 m than they were
in the 0- to 2-m zone, but Tanytarsus and Mcropsectra were about equally
abundant in both, tubificids were sonewhat nore abundant in the deep
zone, and Chirononus was found only in the deep zone. Few additi onal
taxa were found in the shoreline collections (Tabl e 15).

Figure 29 illustrates nean sunmer biomasses and changes in bio-

mass of mmjor taxonomic groups through the sunmmer of 1974 in Kingfisher

Lake. only H azteca showed a clear trend in bionmss, increasing from
May to Septenmber; the other taxa remaining constant or nearly so over
the same period. H azteca formed nmore than half the bionmass of benthic
macr oi nvert ebrates in Kingfisher Lake (Figure 30). The mean sunmer bi o-

mass for the entire fauna was 2.756 ¢ m2 wet weight, the mean for the

8 shallow stations being 4.8 tines that for the 4 deep stations.

Mud Lake. In Mud Lake, as in Kingfisher, emergent Carex spp.
were sparsely distributed around the shoreline, and Potanpgeton pec-

tinatus or P. filiforms was sparsely distributed throughout the 0- to
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Table 14. Bent hi ¢ macroi nvertebrate abundance m in Kingfisher Lake,
means of 5 collections dates, 1974. + indicates taxon was
found in fewer than 5 sanples, was represented by fewer than
10 animals, or was present in the macrophyte beds. St andard
errors are provided only as an index of variability. They
cannot be used to set confidence |linmts because sanmples were
taken at approximately regulclr, not random tinme intervals.

Macr o- 8 Shallow 4 Deep Wol e
Taxon phyt e Stations Stati ons Lake
Beds n = 40 n = 20 n = 60
X 2:SE X ~SE X ~SE
Coel enterata
Hydra Trenbl ey +

Turbel lari a + +

Nemat oda + +

Mol | usca

Gyraul us charpentier +
G parvus (Say) + +
Pisidium preiffer + +
digochaeta
Nai di dae +
Nai s barbata (riuller) +
Tubi fi ci dae + 12.9 5.39 45.2 28.7 23.7 9.26
Tubi fex tenpletoni Southern +
Lunbri cul i dae + 39.8 11.7 4.3 2.96 28.0 7.11
Hi r udi noi dea
Hel obdel I a stagnalis (L.) + + +
Hydr ocari na +
Crust acea
Scaphol eberis ki ngi +
Si nmocephal us vetul us schedl er +
Eurycercus lanellatus (OF. M)+ +
Alona affinis (Leydig) +
Cstracoda + +
Di apt omi dae + +
Acant hocycl ops vernalis +
Macrocycl ops al bi dus + +
Hyal eUa azteca (Saussure) + 1300 210 118 96.3 906 130
Ephener opt er a
Caeni s Stephens + +
Baet i dae +
Cdonat a
Aeshna Fabri ci us + +
Li bel | ul'i dae + +
Somat ochl ora Selys +
CorduZi a Leach +
Coenagri oni dae +
Coenagrion Kirby +

- continued



Table 14 - cont'd.

Taxon

Qdonata (cont'd.)
| schnura Charpentier

Tri choptera
Lept oceri dae

Ceceti s McLachl an

Li mephi |l i dae

Phryganei dae
Col eopt era

Aci Ws Leach
Di ptera

Chi rononi dae

AhZahesnyia Joh.
ProcZadius S.s.

CZi not anypus

PsectrocZadi us
(v.d. Wil p.)
Pagastiel Za Brund.

Cricotopus

Chi rononus

Crypt ocZadopeZma Lenz
Cryptochirononus  Kieff.
? Harnischia «kieff.

Di crotendipes Kieff.
&Zypt ot endi pes ki eff.
Cl adotanytarsus Kieff.
Tanytarsus v.d.wil p.

M cropsectra Kieff.
ZavreZia Kieff.
Paratanytarsus «kieff.

Cer at opogoni dae

? QuZicoides Latreille
PaZponyia Meig.,Bezzia Kieff.+
or Johannsenonyia Malloch

Tabani dae
Tahanus L.

Chrysops wei g.
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8 Shal | ow 4 Deep Vol e
St ations St ations Lake
n = 40 n = 20 n = 60
X +SE X +SE X +SE
+
28.0 6.82 0 18.7 4.12
+
+ +
+
22.6 11.6 0 15.1 7.03
61.4 13.3 8.6 5.93 43.8 8. 26
7.5 3.04 O 5.0 1.84
+
267 43.5 0 178 26.3
0 32.3 12.0 21.5 5.15
21.5 11.4 0 14. 3 6.91
11.8 5.56 4.3 4.3 9.3 3.60
+
+ +
+
422 310 8.6 6.70 284 |87
212 54.6 151 82.5 192 41.3
7.5 5.53 108 10.8 8.6 4.66
+
+ +
11.8 6.72 O 7.9 4.06
200 32.3 10.8 8.8 137 19.7



Tabl e 15. fauna of the six |akes.
in the collection. +
Nunber s

the collections

Shorel i ne
i ndi vi dual s
was present.

times of in mnutes.

-0=-:8 L3
-07-18 z0

TAXON Fir 0<<1r
Hydr ozoa
Hydra 2
Turbel laria 5
Bryozoa +
Gast r opoda
Lyrrmaea Lanar ck
GyrauZus parvus
Pel ecypoda
Sphaeri dae
d i gochaeta 4 22
Hi r udi noi dea
Hydr acari na
Lebertia Newnran
Hydr obat es Koch
Hydr ochor eut es unguZat us 2
Cl adocer a (Koch)
PoZyphenus pedi cuZus 1
Si nocephaZus vetuZus 25 15
ScaphoZeberis kingi 1
Eurycercus ZameZZatus 13 1 17
Cstracoda 1
Copepoda
Di aptonus arcticus 10
EUcycZops agi Zis (Koch)
MacrocycZops aZbi dus 2
Ar ophi poda
HyaZeZZa azteca 8 4
Gammarus Zacustris sars
Ephener opt er a
Caeni s 1 1
AmeZet us
Par ameZet us
Si phZonur us

(Say) 9 4 5

Nunber s
i ndi cat es
i n parent heses
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are nunbers of
t he ani nal

after the date are

o o
M m
o 00
o
r- H 00
O g O
<\I‘ T <\I‘
r-Hlr-
20
4
1 1 7 25 2
326 2 70
2

11
15
1
4 59 1
8 2
4 3
4 42

- continued



Table 15 - cont'd

Lo a
r-tl-IM

Ol.cw
r-tUlr-t
i
wh 3 onh
| ] I
Cdonat a
Coenagri oni das
EnaZZagma  Charpenti er
E. bOY'ealis (Selys)
Aeshna
Aeshna paZmata Hagen
Li bellu] i dae
Somat ochZoY'a  cinguZata
Pl ecoptera
MegaY' cys Kl apal ek
I sopeY' Za Banks
YOY' apeY' Za maY' iana (Ricker)
Hemi ptera
GeY YisnotabiZis Drake & 4
Trichoptera / Hottes
Li mephi |l i dae
Cecetis
unidentified small |arvae 5
unidentified pupae
Col eopt era
HydY' opoY' us conpeY' tus Brown
Rhantus DeJean or CoZynbetes
Di ptera /Cairville
Ti pul i dae
DicY anota Zetterstedt
Chi ronomi dae
Tanypodi nae 7 2
Ot hocl adi i nae 10 1
Chi r ononi ni 1 4
Tanyt ar si ni 56
Thi enemanni nyi a Fittk.gr.
CorynoneUY'a (Wnn. )
CY'icotopus (v.d.Wilp. ) or
OY' thocZadius (v.d.wilp. )
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Tabl e

Par aal adi us

cont'd

Pseatrocl adi us

Crypt ochi rononus

Endoahi r ononus
Phaenopseatra
Par at anyt ar sus

Cer at opogoni dae
Cul i aoi des

Pal ponyia pupae
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Figure 29. Variations in estimates of mean bionmass I SE of Trichoptera (A), Coenagrionidae (B),
Hel obdel la stagnalis (C), Aeshnidae (D), Hyalella azteca (E), Chirononidae (F),
Cer at opogoni dae (G, and digochaeta (H) in Kingfisher Lake, 1974 (preserved wet weight)
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Fi gure 30. Mean summer biomasses of various benthic
macr oi nvert ebrates in the study |akes
(preserved wet weight)
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2-m zone. Dense clunps of Chara occurred in several places, particularly
at the south end of the lake straddling the 2-m contour, and was sparsely
distributed throughout the 0- to 2-m zone. P. natans L. was found at

one point along the east shore. Coverage by nmacrophytes, mainly Chara,
mght be as high as 10% of the bottom area in Mid Lake.

The nost abundant rmacroinvertebrates were the chironomid M crop-
sectr~and ceratopogonids, especially ?CuZicoideSfollowed by Tanytarsus,
Dicrotendi pes and PoZypedilum (Table 16). Mst taxa were nore abundant
in the shallow than in the deep zone, but a few (Dicrotendipes, Psectro-
cladius, Quttipelopia, Chirononus) were at least as abundant in the deep
as in the shallow zone. Some large insects (Aeshna, Lirmmephilidae)
appeared in the shoreline sanples (Table 15) but not in the Eknman grab
sanpl es.

Unlike the same species in Kingfisher Lake, H azteca in Md
Lake showed no clear trend in biomass through the sumer. Chi ronom d
and ceratopogonid biomass varied widely (Figure 3l). O her nmacroi nver -
tebrates had stable biomasses or appeared infrequently in the benthic
sanpl es. Chironomds formed nearly half of the mean total nacroinverte-
brate biomass (Figure 30), which was 3.5 tinmes higher in the shallow zone

than in the deep zone.

Morai ne Lake. No nacrophytes were found in Mraine Lake.

The sphaerid Pisidium thechironomids Mcropsectra and Para-
cladius and the calanoid Diaptomus arcticus were the nost abundant macro-
invertebrates in the Mraine sanples (Table 17). ?Enchytreidae were ex-

tremely abundant on certain dates in the bay entered by Fay Creek, but
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Table 16. Bent hi ¢ nmcroi nvertebrate abundance m2 in Md Lake, neans of
6 collection dates, My to Septenber 1974-75. + indicates
taxon was present in qualitative sanples, or occurred in fewer
than 5 sanples or that fewer than 10 were found in all 45
sanpl es.

Qualitative 4 Shallow 4 Deep
Sanpl es Stations Stations Whol e Lake
Taxon _ _ -
74-07-18 n =21 n = 24 n - 45
X +SE X +SE X ~SE
Nemat oda
Mol | usca
Pi si di wn + 121 61.8 39.5 34.3 77.5 34.2
digochaeta
Tubi fi ci dae + 99.4 42.4 0 46.4 19.8
Li modri Zus udekem anus +
Lunbri cul i dae / C ap.
Hi r udi noi dea
Hel obdel I a stagnalis + +
Hydr acari na
Hydryphantes Koch +
Lebertia + +
Crust acea
Daphnia o F.M +
Si mocephaZus vetul us + +
Cstracoda +
Acant hodi apt onus denticornis + +
HyaZeUa azteca + 160 53. 0 14.3 9.58 82.3 25.2
Ephener opt er a
Caeni s 61. 9 26.8 5.4 2.97 31.8 12.6
Cdonat a
Somat ochZor a +
Coenagri oni dae +
Trichoptera
2 Leptocel |l a Banks +
Cecetis +
Phryganei dae
Di ptera
Chi rononi dae
AbZabesnyi a + 63.6  28.4 7.2 5.6 33.5 136
ProcZadius s.s. + 165 41.2 52.0 19.6 105 21.9
QuttipeZopia Fittk. 70.7 42,2  93.3 68.0 82.8 41.3
PsectrocZadi us spp. + 96. 4 42.8 115 54.5 106 35.3
Cricotopus +
Dicrotendires + 119 43.6 122 56.4 121  36.3
Crypt ochi rononus 33.8 12.1 0 15.8 5.66

conti nued



Table 16 - cont'd.
4 Shal | ow
Qualitative St ations
Sanpl es n =21
74-07-18 X
Diptera (cont'd)
Chi rononi dae  (cont'd)
Pagasti eZZa 96. 3 28.
Po Zypedi Zum 240 113
( Pent apedi Zum Ki ef f .
? Harni schi a +
Chi rononus 2.0 2.
Endochi r ononus 32.3 16.
Crypt ocZadopeZna + +
M cropsectra 1060 332
Tanyt ar sus 340 136
Par at anyt ar sus +
Cer at opogoni dae
? CuZi coi des + 834 288
PaZponyi a~ Bezzi a
or Johannsenonyi a + 217 36.

Tabanus or Chrysops +

n

X

102
88

17.

10.

4 Deep
St ati ons

9

8

19.

115

Whol e Lake
n = 45 +
11 SE X _SE
.4 47.8 13.4
.98 119 52.9
7 16.2 10.5
.8 16.0 7.90

87.
36.

11.

5 549 162

3 206 66. 4
3 399 134
.67 107 17.2
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Table 17. Bent hi ¢ nmcroi nvertebrate abundance m2 in Moraine Lake, neans
of 6 collections, June to Septenber 1974-75. + indicates
occurrence in fewer than 5 sanples, or fewer than 10 found.

Whol e Lake
n = 36
Taxon X +SE
Nenat oda 46. 6 19.0
Mol | usca
Pi si di wn 1310 240
digochaeta
?Enchyt r ei dae 350 245
Tubi fi ci dae 132 82.6
Li modri Zus hoffmeisteri dap.
Lunbri cul i dae +
Hydr acari na
Lebertia 33.5 10. 1
Crust acea
Daphni a +
Gstracoda +
Di aptonus arcticus 583 112
Acant hocycZops vernalis +
Pl ecoptera +
Tri choptera
Li mephi |l i dae 39.5 32.2
Chi ronomi dae
ProcZadi us ss +
Prot anypus caudatus Edw. gp. 27.5 7.7
Pseudodi amesa n~branickii Now. 136 41.8
HeterotrissocZadi us subpilosus
tKieff.) gp. 120 50. 6
Othocladius or Cricotopus +
Rheocri cot opus (Thien.and Harn.) +
Par acl adi us 628 201
Parakiefferiella (Thien.) 90.9 37.8
? Hydrobaenus (Fries) +
? Zal utschia (Lipina) +
Psectrocl adi us +
Corynoneura +
Phaenopsectra s.s 77.8 37.1
Stictochirononus kieff. 352 84.9
Chi ronomus 136 39.7

M cropsectra 649 220
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occurred elsewhere in nuch |ower nunbers. Smal |  nunbers of Turbellaria
were the only addition to the species list from the shoreline collection
(Tabl e 15).

Chi ronom d, ol i gochaete and D. arcticus biomsses varied little

from their nean values through the two sunmers, although chironomid bio-
mass appeared to increase slightly from June to Septenmber 1974 (Figure
32). One Pisidium biomass was far below the summer nean.  Chironomi ds
constituted nore than 60% and Pisidium nearly 30% of the mean summer

bi omass (Figure 30).

Lower Consol ation Lake. No macrophytes were found in Lower
Consol ation Lake, but masses of attached filanentous algae were conspicu-
ous on large subnerged boulders at the inlet and outlet ends.

The nost abundant nmacroinvertebrates were ProcZadius andPSeC
trocZadius, followed distantly by Tanytarsus and Pisidium (Table 18).
Most taxa were about equally abundant in the two sanpling zones, but
Pisidium and Stictochirononus were nore abundant in the north zone than
in the south. Two mayflies, AmeZetus and SiphZonurus, were found in the
shoreline <collections but not in the grab sanples, and are potentially
important fish food organisns (Table 15).

Apart from one chirononid and one PiSidium collection, each with
very large standard errors due to unusually Jlarge single catches, bio-
masses on each sanpling date were close to the mean and showed no strong
trends (Figure 32). Chironom ds conprised approximately 80% of the
sunmmer bi omass of macroi nvertebrates in Lower Consolation Lake (Figure
30) .

Baker Lake. A Potanbgeton species, possibly P. praezongus
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Table 18. Bent hic nmacroi nvertebrate

Lake, neans of 6 collections,

+ indicates occurrence
were found.

North Zone

Taxon n = 17

X

Turbel lari a +

Nermat oda 22.8

Mo' Ll usca
Pi si di wn 514
01i gochaet a 58
Tubi fici dae
Lunbri cul i dae
Crust acea
Ostracoda +
Di aptonus tyrreZZ
Cycl opoi da +
Gammarus Zacustris +
Trichoptera
Li mephi |l i dae +
Di ptera
Chi ronom dae
ProcZadl: us s.s. 831
Protanypus (Kieff. ) +
Pseudodi amesa nLbrani cki i +
PsectrocZadi us 585
Par acZadi us 139
Cricotopus +
Corynoneur a +
OrthocZadius s.s.

Phaenopsectra s.s. 32.9
Stictochirononus 65.9

Tanyt ar sus 405

M cropsectra 27.9

abundance m 2
July
in fewer

1:SE X

9.

199

32.

321

289

79.

15.
39.

185

10.

8

(&)]

in Lower
to Septenber
than 5 sanples,

South Zone
n = 16
+
- SE
18.8 7.8
113 66.5
167 93.3
+
+
+
+
1040 305
+
+
864 477
21.5 11.
+
+
+
26.9 10
0
253 88.
13.5 13

120

Consol ati on

1974-75.
or that <10
Whol e Lake
n = 33
X +SE
20. 6.3
320 107
11 48. 2
932 222
720 275
82. 41. 3
30. 9.4
34. 20. 4
331 104
20. 8.4
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Wil f., appeared frequently in Ekman grab sanples 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. Al though not a macro-
phyte, thin masses of the branched, filamentous green alga C adophora
Kutz. appeared in Ekman grab sanples taken from several points in the

| ake.

The nost abundant nmacroinvertebrates were Tanytarsus and Pisi-
dium followed by Diaptonus arcticus and Procladius (Table 19). Gammarus
| acustris and several chironomid genera were also numerically inportant.
Mean abundances for several taxa appeared to differ widely among the
three sanpling zones, but it is doubtful if nmany of the apparent differ-
ences are real because of the considerable sanpling variability assoc-
iated with each nmean. Shoreline sampling added a few additional taxa to
the species list, including the mayflies Parameletus and Siphlonurus,
both potentially inmportant as fish food organisns (Table 15).

Qigochaeta and Diaptonus arcticus biomss showed little varia-
tion through the summer, but chironomd bionmass was higher in Septenber
than in July or August (Figure 33). Pisidium biomss was lower in Sept-
ember 1975 than any of the four July or August sanmpling dates. The very
high nean bionmass of Gammarus Zacustris recorded in Septenber was caused
by a single catch of 84 anphipods at a site in the western zone. W t hout
this extrene sanple, the mean * SE Septenber biomass would have been 5.32
~ 1.64 g m2, similar to the July and August biomasses. G lacustris
conprised about 42% and chironomds 28% of the nean summer biomass of

macr oi nvert ebrates in Baker Lake (Figure 30).



Table 19. Bent hi ¢ nmacroi nvertebrate abundance m?2 in Baker
of 5 collections, July to Septenber 1974-75. + indicates
occurrence in fewer than 5 sanples, or that |ess
individuals were found.

West  Zone Central Zone East Zone
n =28 n = 10 n =16
Taxon X 1SE X s x I SE

Turbel lari a + + -

Nermat oda + +

Mol | usca

Pi si di um 2010 723 1230 619 875 259

d i gochaet a 215 46.0 30.1 14.4 37.7 14.1

Tubi fici dae
Lunbri cul i dae
Hi r udi noi dea
NepheZopsis obscura +
Hydr acari na /Verrill
Lebertia + + +
Crust acea
Daphni a + +
Ostracoda + + +
Di aptomus arcticus 405 206 487 228 71Q 353
Diaptomus tyrrelli + + +
Cycl opoi da + + +
Gammarus lacustris 840 427 439 121 151 36.0
Trichoptera
Li mephi |l i dae + +
Chi r onom dae
Procl adius s.B. 958 458 508 116 401 94.6
Pr ot anypus 10. 8 7.0 21.5 13.2 35.0 13.7
Cri cot opu3 21.5 11.5 0 151 109
Corynoneur a + +
Par acl adi us +
Psect rocl adi us +
Phaenopsectra s.S. 538 302 250 156 256 92.6
Chi rononus 436 395 151 114 48.4 22.2
Stictochirononus 684 224 822 418 191 160
ParacZadopel nu  Harn. + + +
Tanyt ar sus 1020 424 1290 316 1660 317
Cl ado tanytarsus 0 25.8 18.4 80.7 56. 4
Par at anyt ar sus 274 204 108 90.2 35.0 32.2
M cropsectra 211 870 452  61.9 41.6

122

Lake, neans

than 10

Whol e
n =

1250
77 .2

573

398

563
25.3
76.1

320
170
492

1400
45. 6
113
335

Lake
34
~SE

277
13. 4

185

108

122

51.1

95.2
99. 2
154

202
27.0
56. 8

140
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Ptarm gan Lake. A species of Equi setum L. was rare along the
shoreline of Ptarmigan Lake. Clumps of an unidentified Characeae simnlar
or identical to that in Baker Lake were common near the 2-m contour in
the east basin of Ptarmgan, but covered no nore than 5% of the total
| ake bottom

Tanytarsus was by far the nost abundant macroinvertebrate in the
benthic fauna, followed by Pisidium (Table 20). Mcropsectra, Phaenop-
sectra, Stictochirononus, Paratanytarsus and Procladius were also abun-
dant . The marked physical differences between the east and west basins
were reflected in the species conposition of the benthic fauna. Lunbri -
culidae, Psectrocladius, possibly Phaenopsectra, Tanytarsus and Para-
tanytarsus were nore abundant in the shallow east basin than in the
deeper west basini while Protanypus, Heterotrissocladius, Parakieffer-
lella, Paracladius, Stictochirononus, Chirononus and Mcropsectra were
more abundant in the deep west basin. The shoreline collections added
only the water nmite Hygrobates to the species list of macroinvertebrates
in Ptarmigan Lake (Table 15).

The biomass of chironomids and oligochaetes showed no strong
trends or large fluctuations from July to September, but Pisidium bionass
was higher in Septenmber than in July or August (Figure 34). Al t hough
only occasional Gamarus specinmens were collected, when they occurred
they forned a sizeable portion of the biomss because of their large
i ndi vi dual size. Despite the differences 1in the conposition of their
benthic faunas, the two basins of Ptarmigan Lake had simlar rmean bio-
masses: for the east basin the nean nacroinvertebrate bi omass for the

sumrer was 10.765 g m2; for the west, 9.350 g m 2. Chironom ds con-
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Tabl e 20. Bent hi ¢ nmcroi nvertebrate abundance m2 in Ptarm gan Lake,
means of 5 collections, July to Septenber 1974-75. + indi-
cates occurrence in fewer than 5 samples, or that fewer than
10 specinmens were found.

West Basin East Basin Whol e Lake
n = 20 n = 15 n = 35
Taxon X tSE X *SE X tSE
Turbel lari a +
Nermat oda 17 .2 7.9 71.8 36.1 40.6 16.1
Mol | usca
Pi si di um 1150 329 1270 462 1200 273
digochaeta
Nai di dae +
Tubi fi ci dae 40.9 15.1 8.6 6.2 27.1 9.0
Lunbri cul i dae 8.6 5.0 54.5 n.5 28.3 57
Hydr acari na
Lebertia 6.5 3.5 34.5 17.9 18.5 7.9
Crust acea
Ostracoda + +
Di aptomus tyrreZZ +
Aeant hoeyeZops vernaZis + +
Gamarus Zaeustris +
Trichoptera
Li mephi |l i dae +
Di ptera
Chi ronom dae
ProeZadius S.s. 336 78.6 551 208 428 99. 8
Thi enemanni myia  group + +
Prot anypus ham Zt oni 40.9 11.0 0 23.4 6.3
PsectrocZadi us® /Saeth. 0 192 54. 3 82.3 23.3
Crieotopus } + +
? Aerieot opus} +
Corynoneur a 2.1 2.1 175 98.3 76.2 42.2
Het er ot ri ssoeZadi us® 189 45. 1 2.9 2.9 109 25. 8
Paraki ef ferieZl a 58. 1 19.1 5.7 3.9 35.6 11.0
Par aeZadi us 47.3 21. 4 0 27.0 12.2
Phaenopseetra S.s. 293 nl noo 590 639 261
Stict oehi rononus 921 281 74.6 45.9 558 162
Chi rononus 297 108 2.9 2.9 171 61. 7
Tanyt ar sus 183 63.1 5510 1860 2466 798
Par at anyt ar sus | 14 26.3 884 319 444 138
M cropseetra 973 194 195 151 640 128

a At least 2 spp., one near barbimanus (Roback 1957).

b Larvae in the mareidus, nmmeaeri groups, and H sp. E (Saether 1975b)
were found.
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stituted about 70% of the nean sunmmer biomass of nacroinvertebrates

(Figure 30).

Di scussi on

O the 146 alpine and subalpine |lakes in the Canadian Rocky
Mount ai ns studied by Anderson (1971), only a few |ower subalpine |akes
and ponds supported benthic nacrophytes. Ki ngfi sher, Mud, Moraine and
Lower Consolation Lakes thus appear to be typical subalpine |akes of the
region with respect to the occurrence of nmacrophytes. The occurrence of
macrophytes in Ptarmigan and Baker makes these |akes wunusual, but not
uni que. Macrophytes are found in Amethyst Lake (1967 n), Jasper National
Park (Rawson 1953) and | have observed extensive beds of Carex spp. in
Boom Lake (1893 nm), sprigs of Mriophyllum in Lake Louise (1731 n), and
a submergent noss in Redoubt Lake (2392 m), all in Banff National Park.

Qdonata and Cer at opogoni dae, two groups inportant in the benthic
or shoreline sanples from Mud and Kingfisher Lakes, were absent from the
four highest |akes. Most other mmjor taxonomic groups were common to all
six lakes, but the species or genera often differed, as the Chironom dae
data well illustrate. Di anesi nae were absent from Mid and Kingfisher
Lakes, and Othocladiinae were represented only by the genera Cricotopus
and Psectrocladius, only the latter in Mid Lake being numerically inpor-
tant. In contrast, one or both of the dianesids Protanypus and Pseudo-
diamesa, and 4 to 9 orthocl ad genera, sonme of them abundant, occurred in
the four highest | akes. Both dianesids and orthoclads are considered to
be primarily cold-adapted forns (Qiver 1971). Species of Heterotrisso-

cladius, Par(~cladius, Protanypus and Pseudodi anesa, common orthoclads or
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diamesids in some or all of the four highest |akes, are considered
characteristic of oligotrophic to ultraoligotrophic habitats (Saether
1975c). Among the Chironomini, Stictochirononus and Phaenopsectra were
conmon in the four highest |akes but were absent from Mud and Kingfisher
Lakes. On the other hand, the two |owest |akes had nunerous Chironom ni
and Tanypodinae genera that were absent from the four highest | akes.
Some species of these in the genera PagastieZZa and CryptocZadopelma are
held to be characteristic of oligotrophic to nmesotrophic or dystrophic
habitats (Saether 1975c). The tanypod ProcZadius and the Tanytarsi ni
genera Mcropsectra, Tanytarsus and Paratanytarsus were present in nost
or all the |akes.

There are insufficient data available to determine if the ben-
thic macro invertebrate comunities of the study |akes are representative
of those in Canadian Rocky Muntain |akes 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 Anethyst
Lake benthos to be numerically dominated by Pisidium conventus dessin
(61% and the chironomds Stictochirononus, Tanytarsus, PsectrocZadi us
and ProcZadi us (209 . The Anethyst Lake nmacroinvertebrate fauna appears
to be nost simlar to that of the west basin of Ptarmgan Lake in the
present study. Rawson (1942, 1953) published the only data on bionmass
of benthic invertebrates in Canadian Rocky Muntain |akes, but failed to
specify his sieve mesh aperture, weighing nmethods or whether preserved
or fresh specimens were weighed, so his data are not comparable to those

of this study.
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I NSTAR ANALYSI S
Procedure

Amphi pods collected in the Ekman grab sanples were nmeasured to
the nearest millinmetre from the tip of the rostrum to the base of the
telson by straightening each specinmen against a plastic ruler. The pre-
sence of eggs, enbryos and spinous oostegites on females was noted.
Length frequencies and the proportions of reproductively-active femal es
were plotted in sequence to determine life-cycle |engths.

Head depths of chironomds were neasured on unmounted specinmens
at 25X with an ocular mcroneter, and the nunbers of pupae and prepupae
of each taxon in each sanmple were noted. Larvae were assigned to instars
on the basis of a size-frequency analysis of head depth measurenents and
instar frequencies were plotted sequentially to determine the lengths of
the life cycles.

Life histories of ceratopogonids were studied in a simlar nan-
ner to those of chironomds 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 w ngpads
(e.g., Epheneroptera) were recorded, and note was taken of larval or

nynphal sizes for several taxa.

Resul ts

Anphi poda. Changes in the size distribution of Hyalella azteca
in Kingfisher Lake through the ice-free period of 1974 are illustrated
in Figure 35. Most of the generation present in My, neasuring 5 to 6

romin length, grew slightly through June and produced eggs and enbryos
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Figure 35. |nstar and size-frequency analyses of Pagastiella (A), Procladius spp. (B), Tanytarsus spp.
(O, aridHyalella azteca (D) in' Kingfisher Lake. Numbers exanined in upper |efthand
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in md-July at a length of 5 to 7 mm Most, if not all, of this genera-
tion disappeared from the population by md-August. Young anphi pods
released in July grew until at |east md-Septenber, when nost of the
animals measured 4 to 5 nmm in length. There appears to be little wnter

growh, judging from the length distributions of the My and Septenber
sanpl es.

The course of events in the life cycle of H azteca in Mid Lake
in 1974-75 is less clear (Figure 36). It is definite, however, that the
overwintering animals produced eggs and enbryos by at |east the begin-
ning of July, and that eggs, enbryos or both were present wuntil at |east
m d-Jul y. By mid-July young H azteca were entering the free-living
popul ati on.

Four size-classes can be discerned in the 1975 size-frequency
distributions for Gammarus Zacustris in Baker Lake (Figure 37), each
class showing slow growh through the sumer. The histograns for 1974
tend to confirm that there are four size-classes in the Baker Lake popu-
lation at anyone tinme, although the smallest class was absent from the
July 1974 sanpl es. Only a very few fenmales showed evidence of reproduc-
tive activity, and all of these were in the two |argest size-classes.

Popul ati ons of anphipods in the remaining three |akes were
either absent or nunbers were too low to provide reliable life history

information.

Chi r onom dae. Representative head-depth frequency histograns
for several <chirononmid populations are illustrated in Figure 38. Most
frequently, three larval instars could be distinguished in each taxon;

however, in a few (Lower Consolation PsectrocZadius, Kingfisher ProcZad-
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Fi gure 37. Size-frequency analysis of Gammarus lacustris in Baker Lake.
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ius and Tanytarsus) only two instars were obvious. In very snall
species such as Corynoneura (not shown) only the final larval instar was
found, alnost always in the prepupal stage. PagastieZZa in Kingfisher
Lake appears as only a single size-class in the histogram but included
two instars, one of 2 micrometer wunits (mu.) head depth and the other
of 3 to 4 mu. head depth. Most specinmens in the larger instar neasured
about 3.5 mu. but those that were slightly less were classed as 3;

those slightly nore as 4.

It was possible to distinguish larval instars wthout having to
actually neasure head depths of all |arvae because there was virtually no
overlap of head depth in nbst populations (Figure 38). For popul ations

in Mraine, Md and Ptarmigan Lakes only a few individuals of each size-
class encountered in each grab sanple were neasured, then the renaining
larvae were allocated to size-classes by eye.

Instar analyses for the chironomd populations are illustrated
in Figures 35, 36 and 39 to 42. It is apparent that the great mmjority
of chironomd populations had only a single energence per year, as indi-
cated by the presence of pupae or prepupaei therefore these popul ations
had at |east one-year cycles. Several populations had young instars
present during the enmergence period that did not energe then: these popu-
lations had at |east two-year cycles. Finally, in a few populations
shifts in instar distribution were so slow that these populations nust
have had cycles of at |east three years.

The probable |Ilife-cycle durations of the various populations
analyzed are listed in Table 21. Popul ations in Kingfisher and Mud Lakes

had the shortest life cycles (0.5 to 1 year), Baker and Ptarmi gan Lake
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1 1 Instar 2
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Figure 40. Instar analyses of ProcZadius (A), Tanytarsus (B) and

Psectrocladius (C in Lower Consolation Lake. Nurrber s
examned in upper lefthand corner. Pupae and prepupae, P.
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Figure 41. Instar analyses of FrocZadius (A), Tanytarsus (B), Phaenop-
sectra (¢, Stictochirononus (D), Mcropsectra (E), Para-
tanytarsus (F), Cricotopus (@, and Chironomus (H in
Baker Lake. Numbers examined in upper |efthand corner.
Pupae and prepupae, P.
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Figure 42. Instar analyses of Phaenopsectra (A), Stictochirononu8

FPocl adius (¢, Tanytarsus (D), Paratanytarsu8 (E),
M cropsectra (F) in Ptarmgan Lake. Nurmbers exani ned

upper |lefthand corner. Pupae and prepupae, P.



Table 21.

Lake
Ki ngfi sher

Mud

Mor ai ne

Life cycle durations of 30 chironomid populations based on the instar analyses in
Figures 35 36 and 39 to 42.

Length of
Genus Life Cycle

Pagastiella 2 yr.
Procl adi us ?
Tanytctr' sus ?
M cropsectra dyr.
Di crot endi pes dyr.
Tanyt ar sus 0.5 or

1yr.
Guttipel opia at | east

1yr.
Paracl adi us very

| ong

Stictochirononus 3 yr.

Interpretation

One energence per year, in spring; young from energed adults
first appear in Sept. as instar 3 larvaei previous year's
young entering sanpled population in My, June and July as
instar 3.

Probably 2 spp. or nore.
Probably 2 spp. or nore.

One energence per year, in spring, after which population
al nost disappears from sanplesi offspring from emerged adults
appear in sanples in Sept. as instars 3 and 4.

One prolonged energence per year, after which the genus al nost
di sappears from the sanples; new generation begins appearing
in the sanples in July (instars 2 and 3), but does not becone
prominent until the followng spring.

Two energences per year, in Mwy and July-Augusti nay indicate
1 sp. with 2 generation/yr., or 2 spp. with asynchronous [|-yr.
cycl es.

One energence per year, in July.

Small, prolonged energence; very little change in instar dis-

tribution over 2 yr., despite the fact that instars 2 and up
shoul d 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 |east
1 year and would not emerge before spring 1976.

- conti nued
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Table 21 - cont'd. Length of
Lake CGenus Life Cycle
Mor ai ne M eropseetra at | east
2 yr.
Pseudodi amesa at | east
1yr.

Par aki ef feri eZZa 2
Het er ot ri ssoeZadi us ?

Lower Proe Zadi us 3 yr.
Consol ati on
Tanyt ar sus 2-3 yr.
Pseet rocZadi us 2 yr.
Baker ProeZadi us 2 yr.

Interpretation

yr., during which
| arvae do not energe.

One snall energence per
fourth-instar

tinme many third and

One smal |
i nterpret

emergence per yr.,
with confidence.

data too variable and sparse to

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 energence per yr., during which nmany fourth-instar |arvae
do not energe; young derived from the emerged adults begin
appearing in instar 2 by md-Sept., reach the third instar by
Aug. of following year; third and fourth-instars each |ast
about dyr.

One emergence per yr. in July-Aug.i young from the energed 1974
adults reached the second instar by July 1975 and the fourth
instar by Sept. 1975, over-wintering to energe the follow ng
sunmer . Some 1974 third instars, already 1 yr.old, apparently
woul d not have energed until 1976 as well.

One energence per
adults appeared
the fourth instar
following year.

year in June-July mainly;
in June 1975 as third-instar
by Sept.

young from 1974
| arvae, reached
1975 and would have energed the

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 follow ng
sunmer.

- continued -
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Table 21 - cont'd.

Lake Genus
Baker Tanyt ar sus
(cont' d.)

Phaenopsectra

Stictochirononus

M cropsectra
Paratanytarsus ?
Cri cot opus
Chi r ononus
Ptarm gan  Phaenopsectra

Stictochirononus

Pr ocZadi us

Length of
Life Cycle

2 yr.

at | east
2 yr.

at | east
2 yr.

(probably
3 yr.)
at | east
2 yr.

at | east
2 yr.
at | east
a1 yr.
at | east
1 yr.
?

at | east
2 yr.

at | east
2 yr.

Interpretation

One energence per yr. in July-Aug.; second- and third-instar |arvae
derived from 1974 adults domnated the July 1975 sanple, reached
the fourth-instar by Sept. 1975 and would have enmerged the follow ng
year.

No pupae or prepupae found, but virtual disappearance of third
instar between July and Aug. 1975 suggests rapid devel opnment and
energence then; wde instar distribution and slow change in dis-
tribution in 1974 suggests the life cycle is at least 2 yrs. long.

One small energence per yr. (sometines none?); larvae apparently
required at least one year to reach instar 3 (Aug.1974-Sept.1975);
third-instar larvae took at least one year to reach instar 4 (Aug.
1974- Aug. 1975) .

No pupae or prepupae found; Sept. 1975 third- and fourth-instar
| arvae mght have enmerged the following summer.

One energence per yri little change in instar distribution from Aug.
1974 through August 1975 indicates at least a 2-yr life cycle.

One emergence per yr. at mosti data are too sparse to interpret
wi th confidence.

One energence per year, in July; too few data to interpret wth
confi dence.

No pupae or prepupae foundi too few data to interpret confidently.

One energence per year, in July; larvae remain in the fourth instar
for at least one year (July 1975 to over the 1975-76 wnter); at
| east one year, probably two is required to reach the fourth instar.

One energence per yr. in July; July 1975 second- and third-instar
| arvae nmust have been at least 1 yr. oldi the third and fourth in-
star by Sept., and would not have enmerged before July 1976.

- continued tv



Table 21 -

Lake

Pt ar m gan
(cont'd.)

cont'd.

Genus

Tanyt ar sus

Par at anyt ar sus?

M cropsectra

Length of
Life Cycle

at | east
2 yr.

2 yr.

2 yr.

Interpretation

One energence per yr. in July-Aug.; July 1975 second- and third-
instar larvae nust have been at |east one year old, reached the
third and fourth instars by Sept. 1975, and would not have
energed before July 1976.

One energence per yr. mainly in Aug.; July 1975 second-instar
| arvae derived from the 1974 adults reached the fourth instar by
Sept. 1975 and would have energed in sumrer 1976.

One energence per yr. in md-JulYi third-instar larvae (J.uly1975)
derived from the 1974 adults reached the fourth instar by Aug. 1975,
and would have energed the follow ng spring.
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popul ations typically had at least 2-year life cycles, and Mraine and
Lower Consolation Lake populations tended to have the longest |life cycles
(typically 2 to 3 years). The life-cycle durations of individual genera

sonetines differed anong the |akes: Tanytarsus could have had a life
cycle as short as 0.5 years in Mud Lake or as long as 3 years in Lower

Consol ation Lake.

O her Invertebrates. Cer at opogoni ds in Kingfisher Lake were of
at least three species, so that no trends could be seen in the size-fre-
quency dat a. In Mud Lake, Culicoides? evidently had a |ong devel opnent
time in the final instar (~I year) wth a possible energence in Myor
June, but the data are far from conclusive (Figure 36).

Pupae appeared in the Kingfisher Lake Qecetis (Trichoptera)
population in md-July 1974, coincidental with the appearance of very
smal|l |arvae. Small larvae only were found in md-August. Cecetis pupae
appeared in early July in the Mud Lake popul ation, followed by snall
larvae in subsequent collections.

Caenis (Epheneroptera) appeared wth dark wngpads in mid-July
in Kingfisher Lake, suggesting energence near that tine. By md-Septem
ber, Caenis nynphs were a little nore than half their emergence |ength.
Caenis nymphs with well-devel oped but undarkened wingpads appeared in Mid
Lake in early July and had darkened w ngpads in August, small nynphs ap-
pearing in the Septenber sanples.

There was insufficient material in the sanples to determne life

history lengths of other taxa in the six |akes.
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Di scussi on

Anphi poda. HyaZeZZa azteca has one generation per year in King-
fisher Lake, with reproduction in July when inshore (0 - 2 m tenpera-
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, Mchigan, when sumer tenperatures average
about 18 to 22°CL, The Kingfisher Lake population nmore closely resenbles
that of the same species in Marion Lake, British Colunbia (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 from May to Septenber, where tenperatures average 15 to
20°Ci  and in West Blue Lake reproduction is continuous from June to Sep-
tember at an average tenperature near 17°C The Kingfisher Lake popul a-
tion thus has the shortest reproductive period of any of the four popula-
tions for which published data were avail able.

Al though less conclusive than those for the Kingfisher Lake popul a-

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 recruitnment into the free-living population
(July and Jul y- August, respectively), and by the summer tenperatures 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 Tenperature data from Cooper (1965) for the years 1963 and 1964.
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and maturation periods were 12.7 and 36 days, respectively. Accordi ng
to Cooper's observed developnment tinmes, the period when water tenpera-
tures exceed 10°C is long enough to permit only one generation per year
in Mid Lake.

In Baker Lake, Gammarus Zacustris produces one generation an-
nual ly, which persists for 4 years, so that at anyone time the popul a-
tion is made up of 4 year-classes. Gowh in length is extrenely slow
approxi mately 3, 4, 3.5 and 1 mm in the first, second, third and fourth
sunmers, respectively, with overwinter growmh (late Septenber to early
July) being approximately 1 nm

The four-year life cycle of G Zacustris in Baker Lake appears
to be the longest on record for this w despread species. The life cycle
is typically one year in other Al berta waters (Cdifford 1969, Menon 1969),
Manitoba (Biette 1969), the USSR (Bockman 1954, in Wnberg 1971), and
Wales (Hynes 1955)i although populations wth a tw-year cycle have been
reported (Lake Sevan, USSR, by Markosyan 1948, in Wnberg 1971; and G Z
Zimaeus in southern Ontario streams, Hynes and Harper 1972).

The slow growth rate and long life cycle of G Zacustris in
Baker Lake nust be caused, at least in part, by the |low water tenpera-
tures which average no nore than 10°C even in md-sumer (Figure 11).
Egg and enbryo incubation alone takes 3 weeks at the rmuch higher tenper-
ture of 18°C (Hynes 1955), and G ZacustrisS requires 11 nonths to mature
in West Blue Lake, Mnitoba, where tenperatures average approximtely

17°C from June to Septenmber (Biette 1969).

Chi r onomi dae. Chironomds usually have 4 larval instars that

are separable on the basis of head capsule dinmensions (MCauley 1974,
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Wel ch 1976), but in the present study only 3 instars were distinguishable
at nost. It is likely that the earlier instars, particularly of the
smal | species such as Corynoneura and Pagastiella, were not retained ef-
ficently by the sieve (nmesh aperture 0.36 x 0.52 m). Miitland et al.
(1972) denonstrated that nunbers of the smallest Stictochirononus, a
large form were seriously wunderestimated when a sieve having a mesh
aperture of 0.5 mm was used to rempve chironomids from sedinent. It is
al so possible that young instars of certain taxa were mssed because
sampling was confined to the open-water period. This explanation could
account for the absence of small Psectrocladius and Paracladius |arvae
from the Lower Consolation Lake sanples. Second-i nst ar |l arvae of both
genera should be large enough to be retained by the sieve used, judging
from the results for other species of conparable third- and fourth-instar
si ze.

Sone of the genera used in the instar analyses undoubtedly in-
cluded nore than one species which differed in size. In Kingfisher Lake
Procl adius prepupae were found with head capsule depths of 8 mu., yet
considerably |arger non-prepupal |larvae were common (Figure 38). Sim-
larly, Tanytarsus prepupae in Kingfisher Lake sonetines had a head depth
of 4 mu., but non-prepupal | arvae having head depths of 5 or 6 mu. were
abundant . Overlapping of instar sizes of different species in the sane
hi stogram could have obscured instar size differences of the individual

species in these cases.

A nore 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, i xed-
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species populations wll 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 Mid Lake Mcropsectra (Fig-
ure 36), an error in interpretation resulting from mixing species is not
possi bl e. There is only one energence per year, so each species (if the
popul ation consists of nmore than one) nust energe at the same tine and
have a one-year |life cycle. If anyone of the species had a cycle |onger
than one year, wearly instars nust be expected in the sanple at the time
of energence. In the present exanple this was not the case; therefore
al | Mcropsectra species sampled in Mid Lake, if there were nore than one,
must have been univoltine.

Interpretation becones nore 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 mxture of univoltine and hemn -

vol tine species, for exanple, 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 nmay take either
one or two years to devel op. There is no satisfactory way of distin-

gui shing such cases in the data of this study. Considering that all but

one of the populations wth tw- and three-year cycles were found in the
rigorous environments of Moraine, Lower Consol ati on, Baker and Ptarmni gan
Lakes, and that species diversity tends to be low in rigorous environ-
ments (e.g., Ricklefs 1973:700), it was assuned that each genus popul a-
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 |ife cycles.



149

A substantial nunber of studies reporting the voltinism of
chironomids in a variety of habitats exist in the literature (Table 22).
In general, they show that chironomds in warm or eutrophic habitats in
temperate |akes have shorter Ilife cycles than those in cooler or oligo-
trophic habitats, typically wth those in the former group being uni- or
bivoltine and those in the latter being uni- or henivoltine. In ex-
tremely eutrophic or warm habitats such as sewage |agoons or tropical
waters, chirononmids may have nunmerous generations per year (diver 1971,
Kimerle and Anderson 1971)i in extrenmely cold oligotrophic arctic |akes
life cycles are usually at least 2 years long, and may be as long as 3
years or nmore (Oiver 1968, Wlch 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 chironomds are well wthin the range to be
expected in lowelevation tenperate | akes. The 2- and 3-year |life cycles
interpreted for Moraine, Lower Consol ation, Baker and Ptarm gan chirono-
m d populations are probably typical of those to be found in cold, oli-

gotrophic arctic or alpine |akes.

O her invertebrates. The Mud Lake data suggest a life cycle of
at least one year for?Culicoides, wth a single annual emergence in My
or June. Two ceratopogonid species in Mirion Lake, British Colunbia,

al so had one energence per yeari one species energing in Muwyor June, the
other in July and August (Hamlton 1965). Simlar single annual ener-
gence patterns have been reported for nunerous ceratopogonid species in

a German stream (Havelka 1976), and an annual |ife cycle has been re-

ported for an Alaskan Culicoides species (WIlliams 1951). Bivoltine



Table 22. Published 1life cycle durations of

Taxon Habi t at

29 chironomd spp.

2 ChironomuB spp. subal pi ne

several chironomd spp.
PagaBtiela sp.

3 chironomid spp.

Sti ct ochi rononuB~Chi r ononuB

&Zypt ot endi pes eut r ophi ¢

TanytaT' BUB

Pagasti eZZa orophi za( Edw. )

Hydr obaenuB spp. Enmaline L.,
Several chironomd spp. al pine |ake
Chi T' onomuB hyper boT' euB st aeg. L. Mvvatn, | cel and

Tanyt aT' BUB gr aei Zent uB( Hol ng. )

21 chironomid spp.} Costello L.Ont.dystrophic
13 chirononmid spp.} above
2 chironomd spp. " bel ow

3 chironomid spp. " "

Pr ocZadi uB Arctic |akes

Chi ronom dae

L.de Port-Bielh, France

V. Finstertal ersee, Austri a
al pi ne | ake

Approx.90 chirononmid spp. Marion L.,B.C

| ow el ev. ntn. | ake

Tj eukemneer, Hol | and
Pent apedi Zum unci natum G pol der reservoir

Lock Leven, Scot | and

Kuusi j arvi, Fi nl and
mesohumni ¢, shal | ow

t her nocl i ne

Ceneration
Durati on

1

to 1
0. 33

possibly 0.5
>1

1
0.5
1
2

>3

(see also Table 23).

Source and Comments

(yr)

Capbl ancq &laville (1972)
Bretschko(1974). Small part of ProtanYPuB
forei pat UB population may have 2 gen.yr: l
Hami | t on(1965), Ef f or d( 1972

" McCaul ey  (1974)

Beattie et aZ. (1972)

Maitland et aZ. (1972)

Armtage (1971)

Walters and Vincent (1973)

Li ndegaard and J6nasson (1975)
Mller (1941)

Aiver (1968)
- continued
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Table 22 - cont'd

Taxon

Several chironom d spp

A ypt ot endi pes bar bi pes
(Staeg.)

Chirononus ant hraci nu8

Habi t at

2 eutrophi c ponds,
Engl and

sewage | agoon, Ore.

ultra eutrophic

Esrom S¢, Dennar k

CGener ation Sour ce and Conment s
Duration (yr)

nostly 0.5, Learner and Potter (1974-~)
some 1

«1 Ki nerl e and Anderson (1971)

1 above thernocline J6nasson (1972)
2 bel ow t hernocl i ne
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emergence patterns have been found for several ceratopogonid species in
another German creek by Havelka (1976), but in general a univoltine life
cycle seenms nost |ikely forceratopogonids in Mud and Kingfisher Lakes.

The caddisfly Qecetis 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, Wggins 1977). However, Waggins (1977) suggested sone |immephilids
and species in other famlies could have a cycle two years or |onger, and
at |east one bivoltine population 1is known (Anderson and Bourne 1974).
Univoltine Trichoptera populations are probably the rule in Mid and
Ki ngfisher Lakes, but the large limephilids found in the four higher,
colder lakes are likely to have generations |lasting two years or |onger.

The mayfly Caenis appears to have a univoltine life cycle in Mid
and Kingfisher Lakes, with an energence in July or August. Nearly all
Ephenmeroptera studied in Alberta are univoltine, a very few may be bivol-
tine, and none have been reported to have I|life cycles |longer than one
year (Hartland-Rowe 1964, difford 1969, Radford 1971, Boerger and dif-
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
singl e annual energence, so nust have had at |east a one-year cycle
(Boerger and difford 1975). Bi vol ti ne popul ations have been reported
from warm productive experinental ponds, however (Hall, Cooper and

Werner 1970).
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PRODUCTI ON
Cal cul ati ons
Annual production of each benthic macroinvertebrate group col-

lected in the Eknman grab sanples was estimated from the nean bionmass data

by mJtiplying mean biomass by an assumed annual P/B.

Sunmer B was taken as a neasure of annual B. This assunption
may not be valid, but at present there are no data on seasonal variation
in benthic invertebrate biomass for Canadian Rocky Muntain |akes against
which the assumption could be tested. Seasonal variations in biomass
could be expected to be |ow when biomasses of |arge taxonomic groups are
measured together, because overlapping generations would tend to |evel
out biomass in tine. Bi onasses of individual species having discrete
cohorts and life cycles of one year or less could be expected to be nore
vari able seasonally. Seasonal variation in biomass may even be a noot
consi derati on: sampling variability is typically so great in studies of
bent hos that seasonal variations in biomss my be obscured (e.g., Fig-
ures 3l to 34). Annual P/B was estimated from a know edge 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

Sunmary of published data. In a recent review, Witers (1977)
showed that annual P/B declined as the life cycle duration of benthic
macro i nvertebrates increased, a phenonenon noted earlier by Mnn (1967:
254) on the basis of much |ess 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 assunptions about growth and nortality,
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 nunmber of generations per year should
be approximately equal to cohort P/B (Waters 1977). The data reviewed
by Waters suggest that P/E per generation so calculated may vary little
regardless of voltinism or taxon, so mght serve as a valuable coeffic-
ient for converting biomass data to estimates of production.

This possibility was exam ned by analyzing published P/B and
vol tinism data. The literature reviewed (Table 23) was similar to that
reviewed by Waters (1977), but ny 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 nmean estimates of P/ E per generation.

Sone papers cited by Waters were not readily available to ne, so have
been omitted.

P/B per generation showed the following relationship to dura-
tion of the generation:

Duration of

generation (yr) Mean P/B gen. T F s 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 anmong the five life-cycle groups was rejected (Kruskal-



Ceneration
Duration (yr)

Table 23. Publ i shed values of P/B and voltinism
invertebrates. Asterisks indicate values
Taxon Habi t at
digo chaeta Egl wys Nunydd Res.
Tubi fex tubifex val es
Hi r udi noi dea .
HeZobdeZZa stagnaZis(L.) Egl ws Nunydd Res.
Wl es
(Zossi phonia heteroaZita(L.) R Thanes, Engl and
ErpobdeUa oatoauZata (L.) WIfin Beck,
Mol | usca

PZanorhi s aontortus

P.vortex (.

AnayZus Zaaustris (L.)
Crust acea

AseZZus aquatiaus (L.)

Gammarus Zaaustris

n n

Pontoporeia affinis Lindstr.

R Thanes, Engl and

R Thanes, Engl and

If

R Thanes , Engl and
Egl ws Nunydd Res.
Val es

Paj ep Maaskej aur e, Sweden
L. Er ken, Sweden
L. Sevan, U. S. S. R
Angara R Lake,U. S.S. R

L. Krasnoe, U. S. S. R

Red L. US. S R

and estinmates
rejected

1

RRNSRD

=

Erow WhNDE MO

of

P
B

2.
1.

w o

PR PRO®O®

2.
1.

w
w

O © wWwpNn 1T O

PROWANONREO

P/ B gen.-l,
from the statistical

Egen:l

7
7

. 32%

R O ®©pN O W

A~ 00

freshwater benthic

anal yses.

for

Comments and Source

1970 Potter
1971

and Lear ner
(1974b)

1970 Learner and Potter

1971 (1974b)
Mann (1971)
Elliott (1973) 1966
1967
1968
Mann (1971) P/B <1.0 in a univol-
tine species is inpossible.
Mann (1971)
Mann (1971)
Mann (1 971)
Potter and Learner yr.|
(1974Db) yr.2
Andersson  (1969)

11 1

Mar kosyan(1948) in Wnberg(1971)
Beckman (1954) in Wnberg(1971)
Kuz' menko (1969) yr.l.

yr.2
et aZ. (1972)

- i 1-'
conti nued 5

131

Andr oni kova



Table 23 - cont'd

Taxon

Pontoporeia affinis

HyaZeZZa azteca (Saussure)

Crangonyx richnmondensi s

occi dentaZi s(Hubricht and
Harri son)

M cruropus ki uki

GreZi noi des fasciatus stelb.

M possoZskii  Sow.

O conectes viridis (Hagen)

Ephener opt er a

EphemereZZa subvaria mD.

Baetis vagans mD.

Chorot erpes nexicanus Allen
Ephemera strigata Eaton
Baetis rhodani Pict.

Generati on
Habi t at Duration (yr)

river, US SR
northern |ake, U S S R
Marion L., B.C

L. Bai kal ,U. S. S. R

Possol ski Sor,U S. S R

West Lost L.Mch.

Luxemburg C., Mnn.

Valley Cr., Mnn.
Brazos R, Texas
Yoshino R, Japan
streans, Czechos10vaki a

Rhithrogena sem coZorata curt. "

Ecdyonurus spp.

1 3
2 1.
1 4.
1 2.
1 2.
2 1.
1 2.
1 3.
3 2.
3 0
3 1.
3 1.
3 1.
3 1.
3 1.
3 1.
3 1
3 1.
1 5
0.33 9.
0.33 |5,
1 2.
2 8.
1 8
1 8

P p

B Bgen.

.44
9

18
00

o © o Ol

.94
33
32
00
19
23
17
.53
19

.93

n

02
.84
.25

N oA w

wnwN

Wk wwwwRrsENN
OO N0 OO0 ®Oo

e

oON oo b

o O N O

NOOPREDN

Comments and Source

Geze (1951 in Wnberg (1971)

Mat hi as  (1971)

Bekman (1959, 1962)in

Moot (1967)

Moot and Gowi ng (1977) yr.

W nberg (1971)

yr.
yr.
yr.
yr.
yr.
yr.
yr.
yr.

WN—TWN™—T WwWN—

Waters & Crawford(1973) nean of
results from the 3 nost reliable

met hods used

Waters (1966)
McClure and Stewart
Tsuda (1972)
Zelinka (1973)

1

n

- continued
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Table 23 - cont'd.

Generation ~ P
Taxon Habi t at Duration(yr) B gen.'l Comments and Source
Hexagenia |inbata Tuttl e Cr.Res. Kansas 1.02 5.39 5.5 Horst & Marzolf (1975) yr.
" - " " 1.02 3.67 3.8 " " yr.
" " " " 1.02 3.48 3.6 " " yr.
" " " " 1.02 4.30 4.4 " " yr.
Qdonat a
Pyrrhosoma nynphul a ponds, England 2 4,22 8.4 Lawton (1971) yr.|
2.52 5.0 " yr.2
Plecoptera
Skwal a curvata (Hanson) Sagehen Cr. Calif. 1 3.8 3.8 Sheldon (1972)
MegalOptera
Sialis mtsuha$hii Okanoto L. Tatsu-Nuna, Japan 3 3.8 11.4 Yamanoto (1972)
Trichoptera
Pot anophyl ax ci ngul at us stream S. Sweden 1 4.4 4.4 Oto (1975)
St eph.
Cyrnus trimacul atus R Thanes, England 1 4.63 4.6 Mann (1971)
Athripsodes ancyluS(Vorhies) Brashears Cr. Ky. 1 5.8 5.8 Resh (1975)
Di pt er a- Chi r onom dae
Chi rononus pl unosus Red L., US S R 1 4.2 4.2 Andronikova et al. (1972)
C. ant hraci nus n . 1 4.4 4.4 " "
Procl adi us " i 0.5 5.0 2.5 " "
Trissocl adius sp. Char L., NWT. 2 1.9 3.8 Wlch (1976)
Pseudodi amesa arctica(Mll.) " 2 1.5 3.0 " "
Lauterbornia sp. " " 2 1.9 3.8 " "
Heterotrissocladius oliveri n - 3 0.8 2.4 " "
Othocladius spp. /Saeth. ° " 3 2.3 6.9 " "
Phaenopsectra jucundus Sugar Loaf L.M ch. 1 4.8 4.8 Neess and Dugdale (1959)
C. plunmosus L. Al der f en Broad, Engl and 0.5 1.9 1.0 Mason (1977) yr.|
" " " 0.5 1.6 0.8 " yr.2
C. tentans Fabr. Upt on Broad, Engl and 0.5 1.2 0.6 " yr. |
" . " 0.5 1.1 0.6 " yr.2

- conti nued
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Table 23 - cont'd.

Taxon

Tanytarsus hol ochl or us( Edm ) Upt on

Procladius ruffovittatus
Tanytarsus | ugens
Procl adi us choreus

C. plwnosus

G ypt ot endi pes pari pes
Li mochi rononus pul sus
M crot endi pes sp.

Procl adi us tener

C. mancus

Tanyt arsus hol ochZor us
Tanytarsus inopertus
Li mmochi r ononus

&Zypt ot endi pes

Stictochironomus

C. anthracinus
&Zypt ot endi pes
PoZypedi Zwn

Li mochi r ononus
C.anthraci nus and/ or
Psi Zot anypus Zi rmi coZa
Chi ronom dae

Chi r onom dae, pr of undal

Generation

Habi t at
Br oad, Engl and

1 11 1

Egl ws Nunydd Res. Wales

Loch Leven, Scot | and
(sandy, littoral)

Loch Leven, Scot | and
(ud)

Uchinsk Res. U S S R

M ddle Bay of Qinte, Ont.
Quter Bay of Qinte, Ont.
Taltowisko L., Poland

M kol aj skie L. "

FPRPRRRPPRRPRRRRRRRROOOOOOOOOO WP

Duration (yr)

w
w

o1 o1 o1 o1 o1 o1 OO gl

Wl

TWRWOPONPANVOWRE R LERWIDINIOIODNWE®D

A LWOWWERPLNWOOO OO o1 01 ©

NoNhNMNOOgyWobdgoNnoa w

o

@D

MTWRWOPINPRENWORPL IR ONWNNNWWWWON WA ® Q

)
>

P WOWOWRPNWOHZXOOUIUIOWOOLOR 0O ©OOOOWOOWWONONINOI N U W

Comments and Source

Mason (1977) yr.1
" yr. 2
Potter and Learner (1974b)
Maitland & Hudspith (1974) yr.|
" " yr.2
" " yr.|
" " yr.2
" " yr. |
" " yr. 2
Charles et al. (1974)
Sokol ova, in Wnberg (1971)
extrenes
Johnson (1974)
Kaj ak and Rybak (1966)

extremes

- continued
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Table 23 -

cont'd.

Taxon

C. anthracinus

ProcZadi uB pectinatuB
C. pZwnOBUS

C. pZwnosus

TanytarsUB gregari uB

ProcZadi us sp.

PoZypedi Zwn
Stictochirononus
M cr ot endi pes

Ei nfeZdi a

Ceneration

Habi t at
Uchi nskoye Res.U. S.S.R

Esrom S¢ Denmark
Goplo L. Pol and
Tynwald L. Pol and

Jeziorak L. Poland
sandy littoral areas

Jeziorak L. Poland
recently flooded

littoral

1
1

oo or

coer

Duration (yr)

33

.15

33

!

14. 2
39.1

11. 85
12. 88
9. 83

19.

N

howpR
~N oo ~N

w oo N
w b © ©

6*

1*

and Source

Borutsky et aZ (1971)
' extrenes
ot her species wth gen-
erations 0.5 yrs.long were onitted
because Johnson(1974) clainms they
may have shorter durations.
Jonasson  (1972)
W sni ewski (1976)
Zytkowi cz  (1976)
"present for only a very small
part of the year
"estimate of second generation
production inaccurate
Wl nomiejski et aZ. (1976)
means of 3 stations

Gzinski et aZ

comrent s

Sever al

(1976)

-
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Vllis statistic K = 11.73, distributed as X2 with 4 degrees of freedom
p < 0.025). There is little difference in P/B per generation anong taxa
lasting a year or longer, so the nean = SE for the group of 4.31 % 0.21

m ght serve as a suitable estimate of P/B per generation for populations

with life cycles lasting at |east one year.
This possibility was exam ned further. P/ B per generation of
popul ations wth at |east one-year |life cycles showed the following re-

lationship to taxonomic group:

Taxon Mean P/B ~en. + 1 SE n
Chi r onom dae 425 * 0.33 33
CGther insectsl 572 * 0.63 15
Mal acost r aca? 376 t 0.22 25
Cther invertebrates3 358 t 054 8
The hypothesis that there are no differences in the distribution of P/B

per generation anmpng the four taxonomic groups was rejected (K= 10.63,
p < 0.025, 3 degrees of freedon), so the neans for each taxonom c group

were used separately in the production calculations.

Assuned 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 chironomds and

anmphi pods which usually donminated biomass in the study |akes, but life
cycle data on the remaining taxa were neagre. Published [life-history
1 Epheneroptera, Megal opt er a, Pl ecopt era, Tri choptera, Qdonat a

2 Anphi poda, | sopoda, Decapoda
3 Hi rudi noi dea, Mol | usca, digochaeta
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studies, summarized belo~ 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 nean P/B per generation to calculate annual

P/ B for each taxon.

d i gochaet a. A two-year |ife cycle was assuned for oligochaetes
in Moraine, Lower Consol ation, Baker and Ptarmi gan Lakes. Lunbri cul i ds,
which dominated the Baker and Ptarmigan oligochaete faunas, are known to
have two-year |ife cycles in Britain (Cook 1969). Tubi fi ci ds, i mpor t ant
in Moraine and Lower Consol ation, are known to have one- or two-year life
cycles elsewhere (Brinkhurst 1964, Brinkhurst and Kennedy 1965, Ladle
1971, Kennedy 1966a and b). Tenmperature is known to be positively cor-
related with annual P/B in digochaeta (Johnson and Brinkhurst 1971,
Johnson 1974), and annual PIE s estimated by assuning a two-year life
cycle would be simlar to those obtained for digochaeta 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 npst common tubificids in Mid Lake was Linmod-
rilus udekem anus, which is known to have a two-year cycle elsewhere
(Brinkhurst and Kennedy 1965, Kennedy 1966b). Lunbri cul i ds, whi ch
domi nate the Kingfisher oligochaete fauna, have a two-year cycle else-
where (Cook 1969); but Tubifex tenpletoni, also found in Kingfisher Lake,
can be bivoltine (Potter and Learner 1974). Much of the remaining oli-
gochaete fauna consisted of unidentified Tubificidae, whi ch can have
more than one generation per year (Potter and Learner 1974) or high an-
nual P/B's (Potter and Learner 1974, WMason 1977, Brinkhurst 1972, in

Johnson 1974), so an assunption of one generation per year on the aver-



162

age seens 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 renaining

four | akes.

Hi r udi noi dea. The only leech found in Mud and Kingfisher Lakes was
Hel obdel la stagnalis, a species that can be bivoltine in nmany tenperate
|l akes, but is univoltine in an Al berta pond (Davies and Reynoldson 1976).
Living at the maxi mum tenperatures found in Kingfisher and Md Lakes on
each sanpling 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 Reynol dson (1976). Because it is highly wunlikely that the

popul ation consistently lived at the highest tenperatures available, a
univoltine |life cycle seenms nore likely for the Mid and Kingfisher Lakes
popul ati ons. The nean P/B per generation for "other invertebrates” of

3.58 was therefore used to estimate H stagnalis production in Mid and
Ki ngfi sher Lakes.

The leech found in Baker Lake, Nephelopsis 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 assuned for N obscura in Baker

Lake, yielding an estimated annual P/B of 1.8.

Mol | usca. The only nmolluscs constituting a biomass |arge enough

to weigh separately in any of the |akes were sphaerid clans and
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pl anorbid snails. Al though published data are scarce, it appears that
sphaerids have no nore than one generation per year, and may frequently
have fewer (Heard 1965, Mann 1971). The few published annual P/B's are
consi stent, ranging from 0.5 to 3.5, with npbst values |ying between 1
and 2 (Mann 1971, WMson 1977, Johnson and Brinkhurst 1971). Johnson

and Bri nkhur st (1971) found sphaerid annual P/B's to be independent of

mean annual tenperature over the range 6 to 8°C in Lake Ontario.

Sphaerid annual P/B was estimated to be 2 in all |akes based on the
above considerations. The planorbids studied to date have had either
univoltine or hemvoltine life cycles (Harmon 1974, Mann 1971), so a
univoltine life cycle was assuned for them in Kingfisher Lake. The nean
P/B per generation of 3.58 for "other invertebrates"” was used to obtain

an estimated annual P/B of 3.6 for planorbids.

Anphi poda. The instar analyses indicated that HyaZeZZa azteca
had a univoltine life cycle in Mid and Kingfisher Lakes, and that Gam
marus Zacustris cohorts lived for four years in Baker Lake. G Zacustris
was assunmed to live for four years in Lower Consolation and Ptarmn gan
Lakes al so. The mean P/B per generation for Ml acostraca of 3.76 was
used for the Amphipoda in this study, yielding estimted annual P/B's
of 3.8 for H azteca in Mid and Kingfisher Lakes, and 0.9 for G Zacus-

tria in Baker, Ptarmi gan and Lower Consolation Lakes.

Chi r onom dae. An average of one generation per year was as-
sumed for Kingfisher and Mud Lake chirononmids on the basis of the instar

anal yses. Al though the analyses indicated bivoltine and hemvoltine
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cycles were possible, the analyses for Mid Lake indicated wunivoltine

cycles are nore conmon. Fur t her nor e, in taking an average cohort dura-
tion for the whole fauna, bivoltine and hemivoltine |Ilife cycles wll
average out to one generation per year. An average 2.5-year life cycle
was assuned for chironomds in Mraine and Lower Consolation Lakes, and
a 2-year cycle was assuned for chironomds in Baker and Ptarmi gan 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 chironomds in Kingfisher and Mud Lakes, 1.7 for
those in Mraine and Lower Consolation Lakes, and 2.1 for those in

Baker and Ptarmi gan Lakes.

O her 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 estimted annual
P/IB of 4.2 for the group. For Caenis in Kingfisher and Mid Lakes, a
univoltine life cycle was assumed on the basis of the instar analysis
data, and the nean 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 (minly Qecetis) in Mud and Kingfisher Lakes
are probably univoltine, and the limephilids in the remaining |akes
probably have at |east two-year cycles. The mean P/B per generation of
5.72 for "other insects" and the voltinism assunptions provided a tri-
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 |akes.

A two-year life cycle was assuned for Odonata in Kingfisher and Mid 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 tw ce.

Only taxa considered to be predaceous nainly on other benthic

macr oi nvert ebrates were considered as predators for the purpose of pro-

duction estimation. Al though sone chironomds are predaceous, pr obabl y
very few are obligate predators (diver 1971), and only a few are likely
to consume other nacroinvertebrates as the main part of their diet. The

trichopteran Qecet IS is pr edaceous, but other trichopterans found in the
study |akes are non-predaceous (Wggins 1977:21). Gammpus | acustris
can be predaceous (Anderson and Raasveldt 1974), but nuch of its food
must be from outside the benthic nacro invertebrate conmunity.

Production of non-predaceous nacroinvertebrates in the six |akes
ranged from 5.0 g m 2 wet weight in Mud Lake to 26.9 g m 2 in Baker Lake.
Chironomid production constituted nost 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 Hyal eZZa azteca production dominated, was chironomid production
lower than that of another taxonomic group. Production by non-predaceous
benthic macro invertebrates was |ess than one-third that of non-predaceous
crustacean plankton in Kingfisher and Mid Lakesi in the remaining four

lakes it was approximately equal to almpst five times that of non-preda-



Tabl e 24.

Annual

Taxon

Non- pr edat or s
Chi r onomi dae

HyaZeUa

azteca

adigo chaeta

Caeni s

Pi si di um
GyrauZus
Si mocephaZus vet uZus

production of benthic
(formalin-preserved

Tot al
Implied overall P/B
Predat ors
Cer at opogoni dae
Trichoptera (nostly Qecetis)
Coenagri oni dae
Li beUul i dae
Aeshni dae
Tabani dae
Col eopt era
HeZobdeZZa stagnalis
Turbel lari a
Nemat oda  (probably parasitic)
Tot al
Inplied overall P/B
G and Total

macro i nvertebrates
wet wei ght)

g m2

. 3220
. 5240
1582
0099
. 0028
. 0204

. 0373

. 1242
. 0599
. 2283
0815
2069
. 0353
. 0004
. 0116
. 0002

. 7483

2.7856

in Kingfisher

Ki ngfi sher
Assunmed P
PIB g m?2
4,2 1.4
3.8 5.8
3.6 0.57
5.7 0. 056
2 0. 006
3.6 0.073
7.9
3.9
4,2 0.52
5.7 0.34
2.9 0. 66
2.9 0.24
2.9 0. 60
5.7 0. 20
5.7 0. 002
3.6 0. 042
(Ne) 0. 002
2.61
3.5

% Tot al

P

7.
73.

oo N

© R NN DN

100.0

19.
13.
25.

23.

100.

oroXN

~NoOoO N WwWwo oo

and Mud Lakes.

g m2

. 8153

2350

. 0978
. 0403
. 0619

. 0014
. 2517

. 2498

0417

. 1808

. 1661

. 0046

. 0008
. 6438

. 8955

Assuned

P/ B
2

8
6
7

N O W W

20

10

mud

P
5 "2

coocow
w
()]

0. 017

0. 008
2.7

% Tot al
P

68.
17.

100.

36.

19.

34.

100.

N AN

O oo O O

»



Table 25. Annual production

Taxon
Non- pr edat or s
Chi ronomi dae
Pisidiurn
digochaeta
Gammarus  Zacustris
Tri choptera

Tot al

Implied overall P/B

of

OO O Fr &

»

bent hi c

(formalin-preserved

. 1445
. 8589
. 3044
. 1294

. 4372

Mor ai ne
Assuned P

P/ B g m2
1.7 7.0
2.0 3.7
1.8 0.6
2.9 0.4

11.7
1.8

macr oi nvert ebr at es

wet

in Mraine and Lower

wei ght)

% Tot al B
P g m?2
59.8 4.5943
31.6 0. 5849
5.1 0. 4246
0. 0815
3.5 0.0716
100.0 5. 7569

Consol ati on

Lakes

Lower Consol ation

Assuned P
P/ B 5m -2
1.7 7.8
2.0 1.2
1.8 0.8
0.9 0.1
2.9 0.2

10.1

1.8

% Tot al
P

=~
=N
o wwwonN

NN

100.0

1
Q)



Tabl e 26. Annual

Taxon

Non- pr edat or s
Chi r onomi dae
Gammarus | acustris
Pi si di um
digochaeta
Tri choptera

Implied overal

Predat ors
Hi r udi noi dea
Turbellaria
Nenmat oda

Implied overal

producti on

Tot al

P/ B

Tot al
P/ B

of

benthic nmacro invertebrates

(formalin-preserved

O NN N O

17.

o

g m2

. 0314
. 5227
. 5844
. 1726
. 1337

4448

. 1371
. 0102

. 1473

and Ptarmn gan

in Baker
wet wei ght)
Baker
Assuned P % Tot al
PPB g m2 P
2.1 10.6 39.4
0.9 6.8 25.3
2.0 5.2 19.3
1.8 3.9 14.5
2.9 0.4 1.5
26.9 100.0
1.5
1.8 0.2 100.0
5 -0
0.2 100.0
1.4

D O P OO

B
g m2

. 9944
. 2439
. 9016
. 8087

. 9486

. 0078

Lakes
Pt ar m gan
Assuned P
PPB 2 m?
2.1 14.7
0.9 0.2
2.0 3.8
1.8 1.5
20.2
2.0
5 -0

% Tot al
P

= ~
© kN
h OO ®

N

100.0

83
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ceous crustacean pl ankton. Predator production was sizeable only in
Ki ngfisher and Mid Lakes, where it was 33 to 54% as |arge as production

by non-predators.

The differences in production by non-predators anpong the |akes
are attributable primarily to differences in biomass, not in estinated
annual P/ B. Inplied overall annual P/B for Kingfisher and Mid Lake

macr oi nvert ebr at es were two or nore tinmes those for nmmcroinvertebrates

in the other four |akes, but biomasses of Kingfisher and Mud Lake nmcro-
invertebrates were approximately one-third or less of those found in the
four other |akes. Use of either biomass or B(P/B) as an index of macro-
invertebrate production would result in the same ranking of the six |akes.

Benthi c macroinvertebrate production is lowest in Kingfisher and
Mud Lakes probably because the very flocculent sedinments are too physi-
cally wunsupportive to permt |large biomasses to accumul ate. Most bent hic
invertebrates are adapted to living on or in a substrate, but the sedi-
ments of Md and Kingfisher Lakes are nore liquid than solid.

The production estimates for the six |lakes are conpared to those
found for other tenperate-zone |akes in Table 27. Production of benthic
macro i nvertebrates in the Lake Louise-area |akes falls within the range
of estimates published for other lakes in alpine or arctic environnents,
and is considerably lower than that published for |akes at nore tenperate
el evations or |atitudes. However , even the least productive of the Lake
Loui se-area lakes is nore productive than dystrophic Lake Flosek, Poland,

in ternms of benthic nmacroinvertebrates.



Tabl e 27.

Annual production of benthic nacroinvertebrates

in six Lake Louise-area |akes conpared to
that in several other |akes. \Were necessary, conversions were made by assuming dry weight
0.1 wet weight, 1 g wet weight = 800 cal. (cummins and Wycheck197l), and 1 gC = 10,980 cal
(Salonen et aZ. 1976).
Non-
predat ors
Non- pr e- Pre- Non- pr e- Pre- I nplied
dators dators Total_ dators dators Overall

Lake and Habitat Notes gm2 gm2 gm? gm 2 g m-2 P/ B Source and Comments

Ki ngfi sher 2.0313 0.7483 2.7856 7.9 2.6 3.9 This study

Mud 1.2517 0.6438 1.8955 5.0 2.7 4.0 "

Mor ai ne 6.4372 0.0 6.4372 11.7 1.8 "

Lower Consol ation 5.7539 0.0 5.7539 10.1 1.8 "

Baker 17. 4448 0.1473 17.5921 26.9 0.2 1.5 "

Pt arm gan 9.9486 0.0078 9.9564 20.2 -0 2.0 "

Snowf | ake, Al berta 8.7 7.4 0.85  Anderson (1975)
al pine |ake predators & nonpredators

Teardrop, Alberta 17.7 26.6 1.5 Anderson  (1975)
al pi ne pond predators & nonpredators

Vord. Finstertal ersee, Austria >2.5 >5. 6 2.2 Pechl aner et a~ 1972
al pine |ake

Char, N WT. 7.7 9.5 1.2 Rigler (1975)
ultraoligotrophic arctic

flake _

Bay of Quinte,Lake Ontario Johnson _ & Brinkhurst (1971)
Big Bay, inshore 6.8-7.6 93-97 13.7-12.8 (2 different vyears)
denora, inshore 37.4-37.6 291-344 7.8- 9.2
Conway, inshore 32.1-31. 9 75-82 2.3- 2.6
Lake Ontario, open |ake 48.4-34.0 63-84 1.3-2.5

Fl osek, Pol and( dyst r ophi c) 0.6 Kaj ak et aZ. (1972)

M kol aj skie, Pol and 150

/ (eut rophic)
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SECTION 5
FI SH
APPROACH AND CALCULATI ONS

The object of Section 5 is to determine the potential fish produc-
tion of the six |akes. This was done by determining the production of
fish food organisns, calculating the annual amunt of food required by
unit fish popul ations, dividing food production by food requirenent to
determine how nmany unit populations could be supported, and calculating
production as the area under the curve of nunbers plotted against indi-
vidual weight in each age class (Allen Curve nethod), on the assunption
that the fish populations retained constant age, growh and nortality
attributes from year to year. The result was a neasure of the maxi mum
fish production sustainable over a period of years.

Basic to the approach is the principle that the fish could consune
no nore than the annual production of fish food organisms on a sustained
basi s. Fish could consume nmore than the annual food production in any
single year, but they could not do so consistently. The consistent con-
sumption of nore than the annual food production would soon elimnate the
prey popul ations.

The production of possible food organisns 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 inportant as food, and only their production was used to calculate
food organism production in each | ake. Sone food originating outside the
| akes 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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of Wnberg s (1956) "balanced equation” was used

data to estimate the annual food requirenent of

trout. Two model popul ati ons, or "unit popul ations", were constructed
having an initial nunber of newborn individuals of 100 and constant an-
nual nortality of 30% and 70% respectively (Table 28). These nortality
rates were expected to bracket the true nortality rates likely to be
found in trout populations of the six |akes, as suggested by the catch
and age data for trout in these and other |akes near Lake Louise (Myhood
and Anderson 1976). For Mud, Lower Consol ation, Baker and Ptarm gan

|l akes, growth of individuals in the unit populations was read from age-
wei ght curves of trout from the respective |akes. Reliable ages could
not be obtained for trout from Mraine and Kingfisher, so growth of trout
in these waters was read from nmaxi num and mninum growh curves drawn
from an analysis of age-weight data for numerous Lake Louise-area trout

popul ati ons. Trout were assumed to grow only in sumer and to remain at
constant weight throughout the winter. Fish may in fact |ose 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 (Wnberg 1956):
C=F + U+ /j. W R scceoe o o oo oo o o .. .. .. (1)

where C is the

F is the
Uis the
/j.ws the
R is the
al |

in units of

amount of food consuned,

quantity of faeces

quantity of excreta, minly urine,
change in weight (growth), and
energy of netabolism

ener gy.
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Tabl e 28. Structure of wunit populations at two rates of annual nortality.

30% nortality yr-I 70% nortality er
N N N N
Age Unit-! Unit-! Unit-! 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 1 6.8l 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
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Wnberg (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 nore appropriate for
trout. Gowh (~w) can be determned from age and weight data. At con-
stant tenperature R is a function of weight, and at 20°C can be cal cu-
lated from the equationl:
Re 20°C = 9.53w> /00 o o e (2)
where w is the weight of the fish in grans,
0.761 and 9.53 are constants characteristic of
salmonids at 20°C (Wnberg 1956:87, Eliott
1976b: 942), and
R is expressed in joules per jour (J h-l)
R varies with tenperature according to Krogh's Curve (Wnberg 1956:21-26)
so that if the tenperatures 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
t he anbient tenperatures. Sunmarizing the results of several Soviet
authors, Wnberg (1956:17]l) suggested that R in nature is about twice R
as calculated from equation (2) (Wnberg's "routine netabolisn), 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) ... .. T S <))

and R and ~w being calculated as described above, and 1.39 being a co-

efficient to account for the assunption that F + U = 0.28C

1 Converted from R @20°C inm O h-I = 0. 49l WO. 76l (Elliott 1976b:942)

assuming 4.63 cal n 02-1 (Elliott and Davison 1975) and 4.19 J cal-I.
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Equations (2) and (3) were used to calculate the annual food re-
quirements of individual fish in each age-class. Sunmer and winter R
were calculated separately, the weight at each age being used to calcu-
late winter R and the nmean of weights of adjacent age-classes being used
to calculate sumer R The values of R were adjusted for tenperature and
converted to seasonal estimtes wth the season duration and tenperature
correction factors in Table 29. Sunmer tenmperatures at which the trout
lived were taken as the mean summer |ake tenmperatures estimated from Fig-
ures 9 to Il. Wnter tenperatures were estimted from the know edge that
the theoretical maxi mum and mnimm were 4 and OC, respectively, sup-
plemented with winter observations on nearby simlar |akes (Anderson
1968b, 1970a). The calculated annual food requirenents of individual
fish in each age-class were multiplied by the nmean nunbers in the age-
class in each unit population, the sum of the products being the estimte
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 nunber of unit populations that could
be supported by each | ake. The nunbers in each age-class of the unit
popul ations were nmultiplied by the number of wunit populations that could
be supported to determine the total nunber 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 gromh and nortality charac-
teristics of the nodel popul ations.

The calculation of food requirements and potential production of



Tabl e 29.

Lake

Ki ngfi sher

Mud

Mor ai ne

Lower Consol ation

Baker

Pt ar m gan

Season duration,
correction coefficient
with Krogh's curve (Wnberg 1956, Figure

Season Limts _ _

Summrer
(hours)

W nt er
(hours)

May |5-0ct. 15
(3672 h)

Oct.1S-May 15
(5088 h)

May |S Cct. 15 oct. 1S-May 15
(3672 h) (5088 h)

June |5-0ct. 15 Cct. 1S-June IS
(2928 h) (5832 h)

June 15-0ct. 15
(2928 h)

Cct . 15-June 15
(5832 h)

June [|5-0ct. 15 Cct. |1 S-June 15
(2928 h) (5832 h)

July 1-Cct. 15
(2544 h)

Cct.15-July 1
(6216 h)

mean anbient water tenperatures
(gq) obtained from Wnberg's
1).

experi enced

Mean Tenperature °C

Sunmer

13
(range 11-15)

11
(range 8-14)

6
(range 4.9-6.5)

5
9
(range 7.6-9.6)

8
(range 6.4-9.2)

W nt er Sumnmrer
3 1.94
3 2.40
2 4.55
2 5.19
2 3.05
2 3. 48

by trout, and
(1956) Table 1, extended

tenperature
to 2°C

W nt er

6. 25

6. 25

.
01
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trout in Baker Lake are shown in the Results and Discussion to illus-

trate the details of the calcul ations.

RESULTS AND DI SCUSSI ON
Species Conposition and Relative Abundance

The fish species collected from the six |akes and catch-per-unit-
effort data, a neasure of relative abundance, are presented in Table 30.
Brook trout was the npbst abundant species in four of the |akes and was
present in the fifth. Cutthroat and rainbow trout were found in two
| akes each, single specinens of |ake trout were caught in two |akes, and
spl ake and |ongnose dace were found in one |ake each. Longnose dace
found in Mud Lake was the only non-salnmonid species collected.

Wth the possible exception of |ongnose dace, all of these fish
speci es have been introduced to the | akes. Al native fish would have
been excluded from Ptarmigan and Baker Lakes by the falls below Baker
Lake. Cutthroat trout are native to the Bow R ver drainage (Paetz and
Nel son 1970) and may not have been excluded from Mraine or Lower Conso-
lation Lakes because there are no inpassable waterfalls on the outlet
streans, but cutthroats from other watersheds have been extensively
stocked in Banff Park waters, including the Bow River, Mraine and prob-
ably Lower Consolation Lakes (Parks Canada stocking records). Br ook
trout are native only to eastern North America, rainbow trout in Alberta
are native only to the Athabaska watershed, and splake are a nan-nade
hybrid (Paetz and Nelson 1970, Scott and Crossnan 1973). Lake trout were
probably introduced wth other trout accidentally. Longnose dace are

native to the Bow watershed (Paetz and Nelson 1970), and might conceiv-



Tabl e 30.

Catch data and evaluation

Length of
Lake Net Fished (m)
Ki ngfi sher 50
wud 100
Mor ai ne 100
Lower Consol ation 100
Baker 182. 4
Pt ar m gan 228.0
Rai nbow trout, SaZnmo gairdneri
cutthroat trout, SaZno cZarKki
trout, brook trout X |ake trout

of natural recruitnment for fish populations in the six |akes.
Hours Speci es Number Catch, Numbers Nat ur al
Fi shed Col I ect ed? Col | ect ed hm ! h-1 Recr ui t ment
39.5 rai nbow trout 36 1.82 no
42.0 brook trout 54 1.29} yes
| ongnose dace 46 1.10}2.39 yes
42.0 spl ake trout 15 O 36} ?
brook trout 7 0.17}0 60 ?
rai nbow trout 2 O Ccst . 2
| ake trout 1 0 02} ?
24.5 brook trout 44 1.80'2 94 yes
cutthroat trout 28 1.1 41 . yes
40 brook trout 65 0.89}1 05 yes
appr ox. cutthroat trout 12 0.16} . yes
20 brook trout 93 2.04}2 06 little
appr ox. | ake trout 1 0. 02} ?
Ri chardson; brook trout, SaZveZinus fontinaZis (Mtchill);
Ri chardson; lake trout, SaZveZinus namaycush (walbaumi splake
hybrid; |ongnose dace, Rhinichthys cataractae (Vvalenciennes).

ro
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ably have entered Mid Lake via the outlet, but introduction by anglers

using them as live bait is also possible.

Age, Growmh and Recruitnment
Ooliths showed satisfactorily distinct annuli in trout popula-

tions of four of the six lakes, so that 75 to 100% of the specinmens in

each sanple could be assigned an age. In Moraine Lake trout had otoliths
with indistinct annuli at best, making it inpossible to obtain a satis-
factory age estimate for any MoraineLake fish. Marks resenbling 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 growh rate and Lower Consolation cutthroat trout the slowest. Br ook
trout grew nuch faster than cutthroat trout in both lakes in which the
two species co-existed.

Gowmh rates of Mraine Lake trout could not be determined because

the fish could not be aged. Mean wet weights ! SE of the various species
wer e:
rainbow trout: 386.5 * 208.5 g, n = 2
+
spl ake trout: 516.3 - 69.1 g, n =15
brook trout: 255.7 - 20.3 g, n =17
| ake trout: 944 g, n =1

Weight is plotted against nunber of growh checks for Kingfisher Lake

trout in Figure 43, but the checks are not necessarily year marks,
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Fi gure 43. Age-wei ght 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). MNunbers near data points are the
numbers of trout in the sanple of each age-group.
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as discussed above.

Age-weight relationships for three trout species (576 individuals)
from 21 populations in 17 |akes of the Lake Louise area are shown in Fig-
ure 45. The two curves illustrate high and low growh 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 |akes are |ow

relative to those found for the sane species in other North American

habi t at s. The lowest growh rates in the Lake Louise-area |akes are
among the |owest on recor~ Even Baker Lake brook trout, wth the high-
est growth rate in the study area, have a growth rate little higher

than the nedian observed for several hundred mainly North American popu-
lations (c.f. Carlander 1969).

Par ks Canada had not stocked Miud, Lower Consol ation, Baker or
Ptarm gan 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 comon in collections from all but Ptarm gan Lake,
indicating that natural recruitment was adequate to maintain the popul a-
tion only in Mud, Lower Consolation and Baker Lakes. Nat ural 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

streans rrom Kingfisher. VWhet her natural recruitnment of trout is possible
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in Mraine Lake is unclear because the ages of the fish could not be de-
t er m ned. Spl ake were last stocked in Mraine 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 sanple size was small.

The last recorded stocking of rainbow trout in Mraine Lake (Parks Canada

stocking records) was in 1945. If the records are correct, there nust
have been sone natural reproduction of rainbows. Natural recruitnent in
the various populations is sunmarized in Table 30.

Food

Table 31 summarizes the results of stomach content analyses of

trout collected from the six |akes. Chi r onomi ds, anphi pods and trichop-
terans were the main conmponents of the trout diet overall, but there were
some differences anbng the populations in the relative inportance of var-
ious food itens. Trout in Mraine Lake consuned few chironom ds, eating
nmostly epheneropteran, pl ecopteran and trichopteran immtures. Many in

the latter two groups were stream types probably derived from Wnkchema
Creek, and the ephemeropterans were a lake-dwelling type comon along the
shorelines of other lakes in the study area. In Kingfisher and Baker
Lakes, anphipods were quantitatively the nost inportant itens in the diet.

Brook trout in Mud Lake consunmed substanti al gquantities of odonates, es-

pecially anisopteran nynphs. In Lower Consolation Lake cutthroat trout
consuned chironom ds almpst exclusively, in contrast to brook trout
which ate large quantities of trichopteran immatures and other food itens.

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

| akes. + indicates presence in trace amounts.
] ) Lower
Lake Kingfisher Md Mor ai ne Consol ati on Baker Ptarm gan Weighted x
all species
Species - rain- cut - cut -
St omachs rai nbow brook splake brook bow |ake brook throat brook throat br ook
exam ned (enmpty) 36(0) 50(2) 15(3) 7(2) 2(0) 1(0) 41 (1) 26(0) 28 (4) 4(0) 45(0) 255(12)
Chi r onomi dae 39.4 47. 8 1.6 20.0 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
Gammarus 4.4 0.4 70.9 53.8 0.6 8.8
HyaleUa 41. 7 3.0 6.8
Cer at opogoni dae 0.4 1.5 0.4
Ent ontstraca + 5.7 0.9 + 8.0 37.5 2.6
Ephel neroptera 1.5 0.1 29.2 40.0 10.0 40.0 4.2 3.4
Pl ecoptera 37.9 2.0 35.0 1.2 2.9 2.9
Qdonat a 5.0 25.3 5.7
Terrestrial 5.4 3.4 1.6 20.0 25.0 + 6.5 3.4
i nsects
Gast r opoda 1.2 0.1 0.2
Hydr acari na + + +
Dyti sci dae 6.6 1.1 0.4 0.6
Hi rudi noi dea 8.4 0.8

Uni denti fi ed/
ot her 2.8 4.4 + 14.0 10.0 2.3 4.1 3.1 2.9
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consumed crustacean plankton organisms. The species eaten were the large
types Daphnia mddendorffiana, Daphnia (puZex group) and Diaptonus arcti-
cus. Daphnia (puZex group) was the single nost inportant food item vol-
umetrically in stomachs of 10-gram brook trout in Mid Lake, but still
conprised only 31% of total stomach contents by volune.

The data indicate that oligochaetes, sphaerid clanms and plankton
crustaceans are not a large part of the diet in the six |akes, despite
their occasionally large contribution to total secondary production.
Large daphnids and diaptonmids could be an inportant food of fingerling
trout, however. Al | ocht honous food, nostly terrestrial insects, evi-
dently conprised less than 10% of the diet in nmobst popul ations. An ex-
ception was the Mraine Lake population, whi ch appeared to depend
heavily on insects from Wnkchema Creek.

Wth the exception of the Mraine Lake popul ation, the food of the

trout popU ations 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 | akes, Mayhood and Anderson (1976) found that inmature Chironom dae,
imuature Trichoptera, and Anphi poda were the nost inportant foods.
Pl ankton crustaceans rarely ranked highly in the diet, and allochthonous
food nearly always conprised 10% or less of total food consuned. The
paucity of planktonic <crustaceans in the diet seenms to be typical of
trout in Canadian Rocky Muntain |akes (D. Donald, pers. conm) despite
the nunerous reports that daphnids are inportant as food for trout else-
where (Carlander 1969).

Gerking (1962:51), anobng 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 nethods of
stomach content analysis. Data on the rate of digestion of oligochaetes
by rainbow trout have been provided recently by Wndell et al . (1976) .
Their data indicate that, at the tenperatures obtaining in the study

|l akes, at least 17 to 50% of oligochaete biomass should be present in
stomachs of fish preserved 20 h or less after oligochaetes are consuned.
In the present study, fish were analyzed or frozen within 2 to 3 h after
being renoved from the nets, which were usually set for less than 20 h

at a tine. Many fish nust have fed less than 20 h prior to being pre-
served. If oligochaetes had been eaten in quantity, at |east sonme should

have been identifiable and the proportion of wunidentifiable nmaterial

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 uninportant in the diet of trout from the six |akes.

It is unknown whether the trout consume the sane food in winter as
in surnrnerihowever, the opportunity for a conpletely different wnter
diet is limted. Many planktonic crustacea are rare in the winter plank-
ton, or only their early instars are present (Anderson 1972, 1974a; see
al so discussion in Section 3). digochaetes and sphaerids, the two re-
maining potential foods, mght be eaten nore in winter; but trout as
visual feeders are not particularly well-adapted for feeding on organi sns
hidden in the sedinents (e.g., Efford and Hall 1975). Both taxa are
consumed by trout, but they appear to be rarely inmportant 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 sumrer collections only.
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The stomach content analyses showed which invertebrates should be
included in the calculations of trout food production: chi ronom ds, am
phi pods, trichopterans and epheneropterans. Al though inmportant as food

for Mud Lake trout, odonates were not included in the estimtes because

they were expected to prey prinmarily on chirononids, anmphi pods and tri-
chopt er ans. To include odonate production would have been to count their
production twice, in effect. The food production estinmates 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 Mraine Lake was not possible because npst food evi-
dently came from outside the lake, but an estimate of the production of
aut ocht honous potential food was made for conparative 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. Chironomds were the
most productive food organisms in all but Kingfisher Lake, where Hyal-
ella azteca was the nost productive. In Baker Lake, Gammarus |acustris
was nearly as productive as the chironomds were. In the |akes having
them large planktonic Crustacea were at |east as productive as the ben-

thic food organismns.

Annual Food Requirements and Potential Production of Trout
Table 33 and Figure 46 illustrate in detail the calculations of

annual food requirenments of Baker Lake trout as an exanple of how the



Table 32. Annual production of trout food organisms in the six |akes.

Conver si on? Ki ngfi sher Mud Mor ai ne Lower Baker Pt ar m gan
Fact or Consol ati on
Community and Taxon kJ g-1 kJ m2 kJ m2 kd m?2 kJ m_2 kd m?2 kJ m?2
Zoopl ankt on
Daphnia (pul ex group) 21.07 39.6 26.3 3.0
D. m ddendorffiana 21. 07 51.2
Di aptonus arcticus 24.05 — __ 15.0 11. 7
Tot al 39.6 26.3 18.0 62.9
Benthic invertebrates
Chi rononi dae 2.75 3.8 9.4 19.2 21. 4 29.2 40. 4
Amphi poda 3.91 22.7 3.5 0.4 26.6 0.8
Tri choptera 3.18 1.0 0.6 1.3 0.6 1.3
Epheneroptera 4.71 _0.5 0.9 . __
Tot al 28.0 14. 4 20.5 22.4 57.1 41. 2
a Conversion factors from Cummins and Wiycheck (1971, Table 2). 1 cal 4.19 3

zoopl ankton converted from dry weight, benthos from wet weight.

Co



Tabl e 33. Cal culation of netabolism (R,
data as an exanple.

Sunmrer W nt er Sumnmrer W nt er Annual
Age w w R @20°C R @20°C R R R
(yy JIL .ill.. @ nbh anb gk o9 (kJ)
0 0
9.5 52. 86 50.75
1 19 89. 58 83.59 134. 34
62.0 220. 34 211.53
2 105 329. 02 307.02 518. 55
177.5 490. 61 470. 99
3 250 636. 69 594.11 1065.10
405.0 919. 11 882. 35
4 560 1176. 15 1097.49 1979. 84
727.5 1435. 32 1377.91
5 895 1680. 47 1568. 08 2945. 99
C = 735,342 kJ wunit population-I yr-I (30% nortality yr-l)
C = 109,847 kJ unit population-I yr-I (70% nortality yr-')

Ann%JaI food production = 23,070, 684
)

kJ (whol e |ake) enough
or 210.03 wunit populatiorn (70%nortality vyr-1).

food consunption

(C© and popul ation

1w
(kJ) .

79. 61

360. 34

607. 55

1298. 90

1403. 65

si ze
30% nort.
C N

(kJ) (unit-1)
484.12 85. 00
1942. 44 59. 50
3805. 47 41. 65
7309. 43 29.16
10140.93 20.41

food for 31.37

(N) using Baker

70% nort.

N
(unit-1)

65. 00

19.50

1.76

unit popU ations

Lake
30% nort 70% nort.
N N
(lake-1) (I ake-1)
3137 21,003
2196 6301
1537 1890
1076 567
753 170
527 51

(30% nortality O

o
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met hods were applied. Table 34 sunmarizes the results of the calcul a-
tions of annual food requirenents, avai l able food production and poten-
tial production of trout in the six |akes.

Potential production of trout showed a six-fold difference between
maxi mum and mninmum estimates, ranging from approximately 4 kg ha-I wet
weight in Kingfisher to about 24 kg ha-I in Baker Lake. Nearly all estim
ates were less than 10 kg ha-! . Despite the wide range in assumed growth

and nortality, the greatest range in the estimtes for any |ake was 5.4

kg ha-!; nost estimates differed by less than 2 kg ha-I . Baker Lake had
clearly the highest trout production potential, but the remaining |akes
differed little or not at all in their potential to produce trout.

The trout production levels summarized in Table 34 could only have
been achieved if the trout consuned all of the annual food production, a
highly unlikely assunption. Sal monids in Marion Lake, British Colunbia,
may consume as little as 4 to 23% of food production (Hall and Hyatt
1974), but this estimate appears to be unusually |ow, possibly because
the entire benthic macrofauna was considered as the food supply, not just
the species actually consuned. Most other studies have suggested that
food supplies are intensively grazed by fish, and that a figure of 50 to
70% might be nore typical (Mann 1967, GCerking 1962, Rigler 1975). Met h-
odol ogi cal problens encountered in estimating production of the food
supply (sanpler inefficiency, wei ght |oss on preservation) woul d have
caused underestimates of trout potential production, partially conpensa-
ting for the overestimate resulting from the assunption of conplete con-
sunption of food production.

The estimates of potential production of trout in the six |akes



Table 34. Annual food requirenent, annual food production
in the six |akes.
Food Required per Unit \Wol e-Lake Food
Popul ation (kJ-1) Producti on
30% nort. 70% nort.
Lake yr-1 yr-| (kJ yr-1)
Ki ngfisher high growth 1,340,112 270, 511 621, 600
| ow growth 384, 883 77,992
Mud 526, 396 89, 443 1, 166, 832
Moraine high growth 853, 704 189, 488 8, 466, 500 b
| ow growth 240, 383 53, 185
Lower Consol ation 327, 397 53, 066 3, 605, 280
Baker 735, 342 109, 847 23,070, 684
Pt ar mi gan 269, 165 29, 656 12, 759, 228

a vet welgt. b Bent NiC Invertebrates only.

and potenti al

Nurber
Popul ati ons
30% nort.

yr-|

35. 22

11.01

31. 37

47. 40

annual production of trout
of Unit Potential Production
Supportabl e of Trout
70% nort. (kg ha-1 yr-1) a
yr-1 30% nmort. 70% nort.
2.30 5.3 9.2
7.97 3.8 6.2
| 3.05 4.0 4.9
44. 68 5.5 8.3
159. 11 4.0 5.8
67.94 7.0 8.2
210. 03 23.7 21.8
430. 24 9.6 12.1

Lv
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rank anong the lowest reported for Salnobnidae in the literature, but nost
published values are for stream popul ations, many of which appear to be
more productive than those in lakes (c.f. Waters 1977). The estinmates

for the Lake Louise-area |akes are simlar to those reported for entire
salmonid faunas in other wunproductive |ake types, and are nuch |ower than
those found for entire fish faunas in nore productive types of |akes
(Table 35). The food chain efficiencies! inmplied by the nmethod used to
calculate potential trout production ranged from 5.1 to 17.0% (nean 11.8%
n = 12) depending on the assumptions of growh and nortality wused, and
were within the expected range of 5 to 20% (Ricklefs 1975:133). The
concurrence of the food chain efficiencies wth expected values and the
simlarity of the potential trout production estimates to published

values for other wunproductive |ake types are additional evidence that the
estimates of potential fish production nade in the present study are

realistic.

Application of the Findings: An Exanpl e?

The production and nodel population data can be used to estimte
potenti al yield to anglers (Table 36). The potential yield estim

ates were nmade by sunming the losses from the npdel populations for all

fish of 100 g or nore, considered to be the minimm size acceptable to
angl ers.

1
in the sense of Ricklefs (1975:133), neaning the ratio of the produc-

tion of one trophic level to that below it

The following conments are definitely not reconmendations or expres-

sions of personal preference for managing the |akes nentioned. They
are intended only to demobnstrate how the results mght be applied in
a practical way.



Table 35. Annual production (wet weight)
to estimates for the six |akes
fish faunas in some productive

Lake and Habitat Notes

Kingfisher, Alberta (lower subal pine)

Mud, Alberta (lower subal pine)

Moraine, Alberta (| ower subal pine, (glacial)

Lower Consol ation, Alberta  (upper subal pine

Baker, Al berta(treeline) /gl aci al)

Ptarm gan, Al berta (al pine)

Snowf | ake, Al bert a(al pi ne)

Teardrop, Al berta(al pine  pond)

Char,NWT. (ultraoligotrophic, subpol ar
Vorderer Finstertal ersee, Austria(al pine)
Marion,B.C. (oligotrophic,coast ntn.)
Bl uegi | I, M chi gan(dystrophi c)

Peter and Paul , M chi gan(dystrophic)}
Kat herine , M chigan (dystrophic)
Naroch, U.S. S. R (mesotrophic)
Myastro,U.S. S. R (eutrophic)
Batorin, U S. S. R (eutrophic)
Lake Kariba, Central Africa

}

(tropical)

of entire salmonid faunas in unproductive |ake types conpared
in the Lake Louise area. Estimates of production of entire
| akes are provided as exanples of high fish production.

Annual
product ~~n
Speci es kg ha Sour ce

Sal noni dae 4-9 this study

11} 4_ 5 n

" 4_ 8 n

" 7.8 "

" 22- 24 "

" 10-12 "

" 3.5 Anderson(1975)10ng term

" 5.0 " "/ potential
SaZveZinus aZpinus (L.) 3.2 Rigler (1974)
SaZveZinus azZpinus 2 yr+ 3.4  Pechlaner et aZ. (1972)
SaZno trutta L. 2 yr+ 1.5
SazZmo gai rdneri } IB.7  Sandercock (1969) in Hall
Oncor hynchus  nerka} and Hyatt (1974)
SaZno gairdneri age-group 1 19 Johnson and Hasler (1954)

" " " 1 30-34 " " "
all planktivorous and 35 Wnberg et aZ (1972)
bent hi vorous fish 50
69

all fish (20 species) 1306 Balon (1974) in Waters (1977)

o
\D
Ln



Tabl e 36. Potenti al

Lake

Ki ngfi sher

mud

Mor ai ne

Lower Consol ati on
Baker

Pt ar mi gan

annual

Observed Grow h

30%nnort.

100

400
1500
1100

yi el d of trout
t he nodel

100 g or nore, to the nearest 100 fish, estimated from

popul ati on and production data.

70% nnort.

100

200
1900
300

Esti mated Growt h

hi gh | ow
30%nnort. 70% nort . 30%nnort. 70% nort .
0 100 0 0
700 1300 300 a
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The estimates show that Kingfisher and Mud Lakes are capable of
producing few catchable-size trout. These waters may not be worth
managi ng for sport-fishery purposes other than on a "put-and-take" basi s.
The other four |akes are capable of yielding sUbstantial nunbers of
catchabl e-size trout, and mght be worth managing for their sport-fish-

eries, depending on what other nmanagenent problens they pose, and what

other values the |akes mght possess.
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SECTION 6

GENERAL DI SCUSSI ON° AND CONCLUSI ON

Larkin (1974) enphasized that Canadian Cordilleran |akes are
remarkably diverse because of the conplex geology and geography of the
mountain regions. It would be futile to attenpt to describe a "typical”
mountain |ake 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 anmobng all |akes of the region. In this sense, the six Lake
Loui se-area waters studied are representative alpine and subal pine Cana-
dian Rocky Muntain |akes with respect to several inportant physical,
chenmi cal and bi ol ogi cal features, as was pointed out in Sections 2 to 5.
Having a broad range of alpine and subalpine 1ake attributes, the waters
studied are likely to exhibit a broad range in the magnitude of second-
ary production found in Canadian Rocky Muntain |akes in general.

Most studies of whole-lake secondary production have been done
by teans of specialists working on single |akes over a period of years:
examples are the Char Lake project (Rigler 1975) and the Marion Lake
study (Efford and Hall 1975). A goal of the detailed projects, and of
nuner ous 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 neet the study objectives is considered below

Estimates of crustacean plankton production were realistic, but
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only mninmum estimtes of cyclopoid production were possible. Errors in
abundance neasurenents were likely the nost serious source of error in
the production calcul ations, because errors in abundance would affect
both biomass and instar developnent tinme determ nations. 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 resenbled
scatter plots. Abundance errors in the cladoceran instar curves would
have caused errors in estimates of instar devel opnment times, but the use

of smobothed curves for obtaining nmean pulse-date estimates would have

elimnated nuch of the error. Al though the drawing of curved lines for
Allen Curves through five scattered points mnight appear unjustified, any
possible Iline through the points would have given simlar results. Even

in the nost dubious cases, the data and calanoid biology experience sug-
gested a descending curve with an outward concavity was the nost |ikely
shape for the Allen Curve. Because snoothed curves and summer neans were
used extensively, errors in individual abundance estimates would have
to be unrealistically large to seriously affect the production estinmates
for mobst crustacean plankters.

Abundance estimates were |east satisfactory for the Cycl opoida.
The instar abundance curves strongly suggested that parts of the popul a-
tions were not being sanpled, because nauplii appeared when there had
been few adults present to produce them Adult cyclopoids mght have
been in the sedinments, where they would have been unavailable to the
pl ankton sanpler, and would not have been retained by the sieve in ben-

thic sanmpling. The sum of the maxi mum biomasses achieved by each of the
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generations provided a mninmum estimte of production by the plankton
portion of the cyclopoid population.

There would have been a tendency for benthic macro invertebrate
bi onass, and therefore production, to be underestimated; however, the
production estimates are realistic in conparison to neasurenents nade in
ot her unproductive |ake types throughout the world. Bi onasses would have
been underestinmted because preserved weights wusually underestimate |ive
wei ghts, some biomass would have been lost during sieving, and sanplers
are probably never 100% efficient. In sone groups the underestimate
woul d have been conpensated for by a tendency to overestimate assuned
P/B's when published data on P/B or voltinism were anbiguous. In such
cases, short Ilife cycles or high P/B's within the published ranges were
deliberately assuned to conpensate for expected underestinates of bi o-
mass. Even so, the production values obtained for benthic macroinverte-
brates mnust be somewhat |ow in npbst cases.

Because the fish production estimates were based on the assunp-
tion that all of the food production would be consumed, the tendency
woul d have been to overestimate the potential production of trout. The
tendency for the food (macroinvertebrate) production to be underestimated
woul d have conpensated at least partly for the tendency toward an over-
estimate of food consunption. The trout production estimates inplied
food chain efficiencies wthin the expected range of 5 to 20% were re-
markably simlar wunder a variety of assunptions about nortality and

growh, and are considered to be close to the true val ues.

The study revealed which taxa were the nost inportant secondary

producers in the conmmunities studied. Differences in Daphni a production
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accounted for nobst of the variation in crustacean plankton production.

In the plankton comunities in which Daphni d was scarce or absent, cal-
anoids were the nobst inportant crustacean producers. In the benthos,
chironomds were the nobst inmportant macro invertebrate producers in nost
of the | akes. When abundant, anmphi pods, oligochaetes and sphaerids were
al so inportant. The relative contributions of crustacean plankton and
bent hic macroi nvertebrate communities to secondary production varied

wi dely anong the |akes, and no generalization was possible to describe
the relationship.

The nost productive taxa in the lakes, usually Daphnia, cala-
noi da, Chirononi dae, Arophi poda, digochaeta and Sphaeridae, shoul d be
enphasi zed in future studies of secondary production in Canadian Rocky
Mount ai n | akes. No detailed studies of life histories or population
dynam cs, essential to any detailed understanding of secondary produc-
tion, have been done in Canadian Rocky Muuntain |akes on any of these
groups, with the exception of the Calanoida (Diaptonus tyrreZZi) studied
by Anderson (1968b, 1972). Such studies on digochaeta and Sphaeridae
are rare even in the world literature. Studies on those groups would
most profitably attenpt to elucidate the lengths of the life cycles,
the factors affecting voltinism to detail the relationships between
P/B and voltinism body size, tenperature and other features show ng
promi se of making production easier to estimate. Such detailed studies
on the inmportant trout food organisms would inmprove our ability to as-

sess the trout carrying capacity of Canadian Rocky Muntain |akes.
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