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ABSTRACT

During 1973-74 extensive limmological investigations were
conducted on 22 lakes and 30 stream sites in Yoho National
E; . Park, Field and laboratory investigations includeds:s benthic
r7 samples, shoreline survey, shore trawl, phytoplankton,
3 zooplankton, macrophjteé. fish, fish parasites, sounding,
primary production, water chemistry, water témperature, pH,
conductivity, and light penetration, In addition to the gites
vigited during the present study, data avallable on 20 other

lakes were analysed.

The physical and chemical limnology of Park waters is
described aﬂd discussed. Lakes, ponds, and streams in the
Park were found to exhibit a wide diversity of morphological
types.

The taxenomy, specles composition, numbers, and distribution
'Q‘ . of benthic, shoreline, phytoplankton, and zooplankton
commuinities are desceribed and discussed. Lakes and ponds in
the Park are classified on the basis of thermal properties,
trophic levels, phytoplankton communities, zooplankton
conmmunities, and potential fish production,
; Thg biotic communities of the Park were generally found to
% be relatively sparse and the lakes oligotrophlc, although a
fairly wide range of habitat types was observed. General levels
of productivity were comparable to'those characteristic of many
arctic lakes, Slow growth rates and long generation times

: {J ' charaoterize such oligotrophic waters,
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INTRODUCTION

This report is a summary of information obtained from
examination of limnological collections and field data gathered
during 1973 and 1974 in Yoho National Park., This study was
conducted in the Park for the National end Historic Parks
Branch by the Canadian Wildlife Service as part of a general
inventory including geology, solls, vegetation, and wildlife,
as well as aguatic resources. Aside from the accumulation of
basic inventory information the study also provides information

for planning, interpretation, and resource management.

_ The two year project was organized in three general sectlons:
(1) field collections: (2) examination and identificatlion of
material from field collectionss (3) comparative study and

interpretation of results.

The aguatic resources inventory included an examlnation of
30 gtream and 42 lake sites, At most sites several agpects of
l1imology were investigated, including benthic invertebrates,
zooplankton, phytoplankton, fish, fish parasities, temperatures,
bacteriology, wéter chemi stry, morphometry, stream flow, and
primary production. As a result of these investigations, a
large quantity of data has been gathered, In order to simplify
the process of review and interpretation, these data were
compiled as a separate data section which forms Volume III of
the present report. Because of 1ts importance to public
health, 2 separate report on the coliform bacteria in the natural

waters of Yoho National Park was prepared earlier (Mudry and
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Anderson 1973) for the National and Historice Parks Branch. The
results of all other investigations concerning the aquatic

regources of Yoho National Park are included in the present report.

Yoho National Park 1s located on the western slope of the
Canadian Rockies in Britigh Columbia and comprises the drainage
basin of the upper Kicking Horse River and its tributaries, The
principal tributaries include Yoho River, Am4 skwi River, Otterhead
River, and Procupine Creek from the north and west, and Ottertall
River, Beaverfoot River, and Cataract Brook from the east and
south., These waters flow westward out of the Park into the

Columbia Biver and eventually into the Paciflic Ocean.

Several medium sized lakes are located in the east-central
portion of the Park and smaller lakes and ponds occur throughout
the Park, mainly near the headwaters of Amiskwl River, Yoho River,

and Cataract Brook.

The sarliest reported limnological studies in Yoho National
Park were the surveys by V. E, F, Solman (1947) at Emerald Lake
in connection with fisherles managemen£ problems, The first
detailed limnological survey in the Park was that of F,H, Schultz
(1953) whére certain limnological parameters were examined in 17
lake and 6 stream sites. No further basic limmologlcal gtudies
were conducted unﬁil Anderson (1968b. 19?0a, 1974a) collected
morphometric, chemical, and zooplankton data from a number of
lakes and ponds, many of which were examinéd forrthe first time,
During 1971 a number of collections were made in 5 lakeg and 5
gtreams as part of an Opportunity for Youth Program project.

Samples and data were not eompletely analyzéed at that time and
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are included in the present report.

Some additional reports treated aspects of limnology in Yoho .
National Park in connection with other studles. Anderson (1970b)
reported on the effectslof an oil spill in the Kicking Horse
River. Chusng (1972) prepared a check list of flora of the Park
which included a number of aguatic specles., Ward (1967, 1972,

1974) reported the introduction of Mysils relicta to Emerald Lake

and related fisheries management problems. Several studies were
concerned mainly with possible fecal coliform contamination and
nutrification in Park waters (Wishart 1970; Robinson 1972

Anderson and Krochak 1972; Mudry snd Anderson 1973).
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METHODS

Methods used in the collection of limnologlcal data must
be selected with a view to the objectives of the study. The
present study was organized to provide information on both
qualitative and quantitative aspects of aquatic communitiles.
Information on community structure, production, and water quality
was also considered a necessary part of an agquatlc resource
inventory. For these reasons the fleld and laboratory methods
outlined below were used to obtain the data presented in this

report.

Stream kick samples

Stream invertebrates were sanmpled by a kick-éample technique
using a "D" shaped net with a 30 cm. wide by 27 cm high opening.
The net was placed on the stream bottom and the substrate
immediately upstream was then disturbed by kicking 1t wlth one
foot for 30 seconds, The area sampled, as well as 1lts depth, was
approximate, but was estimated to be about 0.18 to 0.2 square
metres and 4 to 8 cm deep. Kick-samples were taken at three
different spots (usually about 5 metres apart) which appeared to
be representative for the stream site, The dislodged invertebrates,
substrates and debris collected in the net were then sorted 1n a
white enamel tray, The invertebrates ‘collected were preserved

in 70% ethanol for later identification.

Benthle dredge samples

Benthic samples were taken with a 6 ilnch Ekman dredge, Two



dredge samples were taken at one or more representative sites
or depths at each lake. The two combined dredege samples from
each site were washed through a mesh-bottomed pall {(aperture
slze 0.36 x 0.52 mm) and sorted in a white enamel tray. The

invertebrates were preserved in 704 ethanol for later identification.

Phytoplankton.

Phytoplankton was collected by lmmersing a 100 ml "cabinet
oval® bottle to a depth of 0.5 m and allowing it to fill. Samples
were preserved for later identification by adding 3 drops of Lugel's
jodine to the bottle., In some cases phytoplankton was collected

from depths greater then 0.5 m with a Van Dorn sampler,

Zooplankton.,

Zooplankton was collected using a 25 cm diameter Wlscongiln
style plankton net with a mean aperture dimension of approximately
70 microns, Two vertical tows were made from each of one or more
depths near the centre of each lake, In lakes of approxinmately
fm or more in depth two tows were made from half depth {or 10m
whichever 1s less) and two from the bottom. - A weighted net was
used to &ssist in determining when the bottom was reached in order
to draw the vertical sample from within a few centimetres of the
bottom, For some lakes studles, supplementary horizontal tows
were collected from inshore areas. Samples were preserved In

3% formalin for later microscople examinatlon.

Shoreline survey.

Shoreline collections of invertebrates were made at each
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lake site for a 30 minute timed interval. Shoreline samples

were taken from the water's edme to a depth of approxlmately 50

cm, The shbreline invertebrates were sought by 1ifting rocks,
moving logs, or agltating the bottom or rooted aguatic macrophytes.
Very active invertebrates were caught wilth a small hand net,

while more sluggish specles were removed from the rocks or debris

& with the ald of forceps. A minimum of 100 metres of shorelilne

were covered at each site, Invertebrates collected were

preserved in 70% ethanol for examination,

Shore trawl.

Trawl samples were collected in the littoral zone by pulling
a small trawl through representative areas of rooted aquatic
macrophytes and over the substrate for a distance of 20 metres.
The samples collected were not considered quantitative and only
a representative sample of the invertebrates were kept for
= further study. Often species not collected during the shoreline
- survey were present in trawl samples. Invertebrates collected

were preserved in 70% ethanol,

g Fish collections.

- A1l stream collections of fish were made using a Smith-
2 Root Type V Electroflisher. Usually a stream section of at least

100 metres was sanmpled.

£r Lake sampling was acconmplished using gill nets in gangs of
several mesh slizes, Gangs composed of 25 metre sections of 3/&;

1%, 2, and 3% inch mesh were set for 24 hours in each of the
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lakes sampled,

Whenever possible a sample size of at least 10 fish of

each species at each locality was collected and frozen for later

Study .

Water chemisgstry.

Water samples for chemical analysis were collected in 2.0
litre botties supplied by the Calgary laboratory of the Inland
Waters Branch. For filling the bottles were first rinse and then
jmmersed to 0.5 m and allowed to fill. Samples were kept on ice
in styrofoam coolers, except in the case of very cool weather
{ LOF) when no ice was used. Analysls of the samples was done

by the Inland Waters Branch, Calgary.

Water temperature, pH, conductivity, and light penetration.

Field analysis of water temperature, pH, specific
conductivity and light penetration were verformed at the time

of collection using the following instrumentation:

Yellow Springs Instrument Co. Fodel 425C
thermistor telethermometer (calibrated at
each use against a mercury thermometer)

Helllge Pocket Comparator optical pH meter

Dionic Series 3 conductlvity meter

20=cm diameter black and white Secchi disk

Sounding.

Extengive sounding for the establishment of contour lines
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was done on three lakes using a Fish-Lo-K-Tor slectronic sounder.
The sounder wasg used to check the reliability of exlsting contour

maps. MeArthur Lake was sounded using an electronic recording

sounder,

Primary production.

Water samples from the appropriate depths were collected

with non~-metallic samplers near the deepest part of each of the,'

lakes and ponds. Each sample was filtered through a bolting-
gilk filter dilrectly into polyethylene bottles for chemical

analysis, Jeﬁa—glass bottles for production experiments, and

bottles containing lLugol's acetic-acid preservative for

phytoplankton examination, Number-12 bolting silk (aperture
-2 120n) was used because it retained virtually no phytoplankton,
= nogt rotifers, and all of the crustacean plankton present in the

gamples at the time of the experiments,

5 Chemical and physical methods have been described elsewhere
(anderson, 1970a), Fileld asnalysis were begun within 20 min of
sampling., Total inorganic carbon was calculated according to

methods outlined in Standard Methods (American Public Health

i Association, 1971).

Phytoplankton primary production was measured by the
luC—isotope technique (Steemann Nielsen, 1952). Two light bottles
L and one darkened bottle contalning naturél phytoplankton samples
from each depth sampled were inoculated with apﬁroximately
4p-Curies of 140 asg NaHCO3 and resuspended at the depth from

which the samplesg came, After incubation (usually about 3h),
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bottles were put into a light-free box and taken to a seml-

darkened work area for immedlate filtration through a membrane

filter {porosity~=0.50 n) at a pressure differential of less

than 0.3 atmospheres. DMean filtration time was about 3 min

for each bottle, Filters were air dried for approximately 24 h

and returned to The International Agency for counting.

Macrophytes.

Representative macrbphytes from several lakes were collected

£ by hand and pressed for later 1dentification,

o Stream flow,

Measurenment of stream water velocity was made with a G.M.
current meter, Whenever possible the measurements were made by
8 immersing the meter for one winute while slowly moving across
- the stream in order to get an average velocity. Calibration of
the meter was done by Hydraulics Division, Canada Centre for

Inland Waters, Burlington, Ontarlio,

Laboratory methods.,

¥ Laboratory analysis of plankton, benthic, and fish samples
consisted of_counting the number of individuals in each sample

and identifying each individual to the lowest taxonomic level
possible with available taxonomic keys. The level of identificatlon

- achieved thus varies with the particular group examinéd.

For larger invertebrates and macrophytes a Wild M5 dissecting

i microscope was used for examlnation.
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Phytoplankton identification as well as counts were made
from 10 or 25 ml of sample depending on the denslty of the

phytoplankton. Phytoplankton were sedimented 1in a settling

" chamber, then examined on a Wild M40 inverted microscope. HMost

of the identifications and counts were made using magniflcations
of 100X, 400X and 1000X with phase contrast j1lumination. The
number of cells per ml was calculated after microscopilc

examination of a known area of the settling chamber base,

During fish examination weight, fork length, sex and age
were recorded, For parastiological examination the following
tissues, organs and cavities, were examined and dissected when
necessary: external body surface, fins, body musculature, eyes,
nasal cavities, buccal cavity, gills heart, esophagus, stomach,
pyloric caeca, intestine, coelom, mesenteries, zall bladder,
liver, swim bladder, kidneys, urinary duct and gonads.
Fxamination of each fish required from 1-3 hours depending on
size, Parasites obtained were fixed in alcohol-formalin-acetlc
acid (AFA). Nematodes were transferred to glycerine-alcohol for
clearing and all other parasites were transferred to 70% ethanol
for preservation. For identification, nematodes were examined
in temporary glycerine whole mounts, Representatlive speclmens
of other helminths were sfained in Grenacher's borax carmine and

mounted in Canada balsan,
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PHYSICAL LIMNOLOGY

The Study Aresa

Lakes., Sixty-one lakes and ponds were ldentified and
numbered by Ward (1974) in Yoho National Park (Figure 1).
In additlon to these, three other small ponds have been
identified: one near Celeste Lake (Anderson 19742), one near

Hidden Lake (Schultz 1953, Anderson 1974a), and one near Lower

"Opabin Pond (present report)., Limmolozical investigations

have been conducted on 42 of the A4 lakes and ponds (Table 1)
in the Park (Schultz 1953; Anderson 1958b 1970a 1974a; present

report),

Of the 42 lakes and ponds investigated (Figure 2) the
lowest, Ottertail Flats Lake, lies at 1118 m and the highest,
Kiwetinok Lake, lies at 2455 m, All of the lakes and ponds
in the Park lie within the alpine, treeline, subalpine, and
montane altitudinal belts described by Anderson {(1971a).
Because altitudinal belts are hased on terrestrial plant
communities which may have considerable effect on thellimnology
of water bodies the following list is presented. Lakes and

ponds are classlified according to the criteria of Anderson

(1971a).
Alpine zone Lakes Ponds
‘ Falry Waves
Kiwetinok
Indigo
Oesna

Upper Opabin (14)
MeArthur
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Table 1. Summary of ‘morvhometric data for lakes
exsmined in Yoho National Farlk.

lake Lalke Grid Altitude Depth = Surface Volpme®
No. name reference n/ft max, memsr  area (ha) X10%mJ
& Ottertail 110/MG286827 1118/3665 1.5 (1.0) 4,0 (0.04)
7 Behaffer 110/MGhs4885  2170/7114 2.5 (1.2) 0.4 {(0.005)
8  MoArthur 11U/NGLE0R70 2240/7344 a4, b 25,6 77,0 21.2

9 O0'Hara 11U/MNGL66895 2014/6603  38B.1 19.1 3.0 §.59

10 Mary 11U/NGLE5BBE  2034/4668 3,5 (2.0) 6.5 (6.13)
11 Opabin 11U/NGL73883 2234/7324 1.4 (1.0) 0.3 {0.v03)
12 Victoria 11U/NGLB089 5 2225/7295 4.5 3.5 0.k 0.01%
13 Opabin 11U/Meh74881  2234/7324 1,5 (1,0} 0.3 (0.003)
14 Opabin 11UMNGL75880 2245/7360 2.7 (1.0) 1.7 (0.017)
15 Opabin 11U/N¢u808?? 2270/74b2 12,3 3,96 3.1 0.123
15A Opabin 11U/NGA7288L  2204/7275 1.2 (0.7) 0.1 {0,001}
16 Oesa 110/NG485893 2285/7491 39,0 13.6 16.1 2,19
17 Ross 11U/NGUBEGBE  1729/5670 21,5 7.3 6.0 0. hu2
18 South Narao 11U/NGH55967  1715/5625 6.3 (3.0} 0,7 {0.021)
19 North Narao 11U/MNGL55971  1715/5625 2,0  (0.7) 3.0 (0.021)
20 Wapta 11U/NGA 54687 1590/5203 8,2 4,2 24,1 1.02

21 Lwr Morn, Glory  11U/NGMLUG05 1995/65ho 3.8 (z.0) 0.6 (0.012)
22 ¥id Morn. Glory  11UAGEEAG03 1997/6550 2.5 (1.5) 1.0 (0.015)
23 Up. Morn. Glory  11U/NG4S0902 2006/6580 7.0 {(2.0) 1.7 (0.034}
24 Linda 11U/MNGE37909 2098/6880 12,0 (4.0) 4,0 (0.16)
25 Vera 11U/NG428915  2097/6900 5.5  (3.0) 2.2 {0.066)
26 Emerald 11U/NG327990 1300/4272 28,0 17.0 116.,0 19,8

28 Ptarmigsn 11U/NG207990 2014/6600 2,0 (1.0} 0.8 (0.008)
29 Crystal 11UMG206974  2206/7230 2.0  {1.0) 1.2 (0.012)
31 Little Gen 11U/NG190947  1908/6250 20,7 (8.0) 9.0 {0.72)
35  Otto 11U/NR198023  2060/6750 6.5  (3.0) 0.7 (0.021)
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Table 1, Lake morphometric data -~ cont'd.

C-b

ﬁi?e ﬁii: ggigrence AIZ}FEde ﬁngh gean* igzga?ia) Xi31$3*
37 Kiwetinok 11U/NH278073 2B55/30350 15.0 (7.0) £.0 (v.42)
58 Hamjlton 11U/NH294008  2180/7020 12,2 (6.0) 5.0 (0.3)
L1 Celeste 110/NA337074  1997/6550 5,7  (3.0) 2.0 {0.06)
14 Unnamed. 11UANH336078 1976/6480 2,0 (1.0} 0.2 {0.002)
b2 Duchesnay 11U/ME347080 1595/5230 1.0 (0.7) 3.5 {c.c2)
43 Yoho 11U/8H359024 1825/5985 12,0 (6.0) 3.3 (0.19)
i+ Hidden 11U/NH360035 1845/6050 8,0 (L4,0) 1.0 (0.o4)
84F Unnamed 11U/NE360035 184%5/6050 1.0 (0.7) 0.1 {0,007}
47 Sherbrooke 11U/NE425005 1800/5918 12,0 3.85 35.6 1.34
43 Sink 11U/NG4B2998  1622/5320 2,0  (1.%) 5.0 (0.07)
ko Svmmit 11U/NGA92999 1628/53k0 1.2 (1,0) 2.0 (0.02)
50 Fairy 11U/AHI63107  2232/7320 21,0 (10.0) 12.0 (1.2}
51 Waves 11U/NH3EO146  2226/7300 3.6 (2.0) 0.4 (0.08)
52 ¥Marpole 11U/NB328102 2070/6800 5.0 (2.5) 1.7 (0.0%)
55  Ami gkl 11U/NH247155 2088/6850 9.8 (4.0} 6.0 (0.24)
61 TIndigo 11U/NH204109  2272/7450 43,0 (18,0) 4,0 10.72)

#{) indicate estimated values
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Lake morphometry. The majority of water bodies investigated:

go Tar are small in size with 29 being less than 5 hectares
(ha) in area, 10 between 5-35 ha in area, and only 2 (lcArthur
e | and Emerald) are more than 75 ha in area (Figure 3).

Although Emerald and McArthur Lakes are the largest bodies

of water in the Park they are small when compared with sone

lakesg in other mountain Naticnal Parks,

The ponds and lakes range in depth from about 1 m to
over 80 m in depth (Figure &), There appears to be no general
correlation between surface arez asnd depth - for example
§ Indigo, Oesa and O'Harae Lakes are all deeper than Emerald

¥ Lake although Emerald is many times larsger in size.

Many of the lakes exhlbit characteristics common with

- cirque lakes formed as a2 result of glacial action: they have
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Table 2, Summary of morphometric dats for streams
in Yoho National Park,

Stream Length Drainage area Percent of Gradient Form
name km ha x100 Park drained m/km factor
Am3 skt 29 173 13.2 32 5.9
Beaverfoot 27,9 304 2.7 11 5.3
Boulder 9 14 1,0 109 1.5
Cataract 9 &4 k,g L7 - 7.1
Emerald vi 76 5,7 20 10.8
Hoodoo 5 10 0.7 206 2,0
Tce 19 96 7.3 34 5.0
¥orning Glory 1.8 0.2 83 1.%
Oesa 1.1 _h 0.3 2h6 3.8
Opabin 2 L 0.3 127 1.8
Otterhead 20 67 5.0 29 3.3
Ottertatl 24 248 18,9 L2 10.3
Porcupine 17 4 5.6 50 4.3
Ross 1.5 5 0.4 69 3.1
Sherbrooke 7 21 1.6 161 3.0
Yoho 19 176 13.4 L 9.2
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of flow from the barious basinsg, especially during the
summer months, Long and narrow shaped basins (with low
form factors) have a reduced chance of receiving heavy
rainfall over the entire region, hence can be expected to

have a more consistent flow.

Stream morphometry. A wide range of stream habltat
types exlat iﬁ the Part as a result of the varying gradlent
or slope {Table 2), This characteristic 1s expressed as
vertical decent per unit of horizontal disﬁance (metres/
kilometres), Generally, the region of steeper slope is near
the headwaters, while gradients are lower near the mouth. of the
stream, Through erosion and deposition, the longitudinal
profile of the gradient attains the form of a shallow,
irregular arc with an upward concavity flattening toward the:
mouth of the stream, Local equilibria are established at

points along the stream through ad justments between channel

form, velocity, gradlent, and discharge. In time, irregnlarities

along the stream slope are more or less leveled (Reid 1961).
The Kleking Horse River 1is a good example of changing stream
profile (Flgure 7) where the upper reaches have a steep
gradient causing high water velocitles and scouring (degrading)
while the lower reaches are an area of deposition (aggrading).
The mean gradlents given in Table 2 are an indication of the
types of gradients to be found 1n Park streams. The very

high values for Sherbrooke Creek and Bonlder Creek and to a

lesser extent those of Ross Creek, Cataract Brook, Yoho River,
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Amiskwl River, Ottertail River, Otterhead River, Porcuplne
Creek, and Ice River probably indicate areas where active
erosion of the stream bed is taking place with only minor
locally important areas of deposition or aggrading. The
Beaverfoot River, however, with a mean gradient of only
11.4 m km~!, indicates a gradient profile of equilibrinm
hag been achleved over much of its length. The several
miles of oxbows near its mouth are evidence of the low
gradient in this area, The accumulatlon.of sediment and
éllt in the lower reaches of the Beaverfoot River can be
compared, for example, with the rocky, silt free bottom of

Porcupine Creek with its mean gradient of 50 m xm~1,

Digcharge., The volume of water discharged by the
various streams in the Park is almost directly related to
the drainage area of the stream (Table 1), The large
drainage areas of the Ottertail, Otterhead, Ice, Amiskwi,
and Yoho Rivers, make substantial contributions of water to
the Kicking Horse River, Smaller drainages such as Boulder
Creek make only minor contributions to the total volume of

the Kicking Horse RBiver,

Historic records of flow in the Kicking Horse River
are limited to measurements from 1912 to 1921 (Water Sufvey
of Canada,'19?0). The highest daily discharge recorded was
4380 cubic feet per second {(cfs) on June 26,‘1912. As with

other glacial meltwater streams the Kieking Horse River
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attains 1ts maximum dlischarge during the warm summer months,
The avallable records indicate a2 much reduced but continuous
flow during the lce covered seasons, with discharges of less

than 100 cfs (Smith 1972},

Smith (1972) established stage recorders at the Field
bridge during August 3 to September 15, 1971 and July 9-27,
1972 {Figure 8), During August the local daytime temperatures
ranged inteo the 90's causing meximum melting of the glaciers
ét the headwaters of the Yoho River. Discharges showed
marked diurnal varlations with dally extremes varying by

factors of 1.5 to nearly 2.0 {Figure 9).

Flow measurements made during 1973 at all of the major
tributaries of the Kicking Horse River are presented in
Table 3. Thé relative discharges for July are shown in
Figure 10 with the total Kicking Horse River discharge
egtimated to be 3300 cfs.

Melting glaciers not only contribute large amounts of
surface runoff but also affect the quality of stream
habitats by contributing large amounts of glacial silt.
Approximately 30% of the Yoho River drainage area is occupied
by glaclers which contribute large amounts of silt in
meltwaters during late summer, The glacial silt produces a
high turbidity in the Yoho River and.greatly affects the
biological potential of that stream. Sherbrooke Lake and
Emerald lLake serve as primary catch basing for other glacial

meltwater streams,
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Table 3., Summary of stream discharge data in Yoho
National Park during 1973.

CUBIC FEET
SITE NAME DATE TIME PER SECOND

102 Ice R. 24 July 1100 210.3
107 Porcupine Ck. 24 July 1330  203.6
108 Ottertail R. 24 July 1500 603.9
| 20 August 1240 253.9

g' 111 Otterhéad R. 11 July 2030 433.3'
- | 20 August 1200 89.8
E 113 Boulder Ck. 24 July 1515 17.6

.- : 20 August 1310 5.9
. 114 Amiskwi R. 11 July 2000 . 603.3
;f' | . R 24 July 1815 312.9
= 20 August 1140 . 137.5
. 1144 Emerald R. 11 July 1900 392.9
| 24 July 1800 189.5
L | 20 August 1120  525.8
K 115 Upper Amiskwi R. 24 July 1915 155.8
: 116 Otto Ck. 24 July 1900 90.1
;: 120 Upper Yoho R. 24 July 1615 702.3
20 August 1430, - 423,2
o 123 Sherbréoke.ck.' 25 July 0815 112.9
| 20 August 1510 37.2
N 125 Kicking Horse R. 25 July . 0800 286.4
¥ | 20 August 1520 117.7

. 128 Cataract Bk. 25 July  os4s 78.8
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Summary of Streamflow Data (1973) - cont'd.
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st A DAt i PER SECOND
128 Cataract Bk. 21 August 1820 30,1
129 Morning Glory Ck. 25 July 090Q 48.2
131 Mary Ck. 25 July 0915 3.9
22 Angust 1330 0.4
132 Opabin Ck, 25 July 0930 23.7
22 August 1345 9.9
133 Oesa Ck. 25 July 0940 24,7
22 August 1350. 4.0
134 Ross Ck. 25 July 1100 9.9
| 20 August 1530 4,0
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Smith (1972) found suspended sediments in the Field
reach of the Kicking Horse River had concentrations of 1 g 171
during high August flows, whereas low September discharges
contained concentrations as low as 0,01 g 1”1, In a review
of the effects of logging on fish, Gibbons and Salo (1973)
found that prolonged exposure to suspended sediment
concentrations of from 0.02 to 0,03 g 1-1 were lethal to fish,
Suspended gsediments cause erosion of gill membranes, degredation
of rearing habitat and lowered production of aquatic plants
and 1nvertebrates.' The overall production of Park waters
can thus be greatly affected by the presence of glaciers in

the drainage basing of streams,

Thermal properties

Lakes, The alpine, treeline, subalpine; and montane
lakes in the Park exhibit thermal characteristics which
place themn in first, second, or third order lekes-described '

by Whipple (1898; see Hutchinson 1957).

First order lakes in which sumﬁer thermalistratificatlon
occurs but boﬁtom temperatures remain close to 4°C are
McArthur, O'Hara and Oesa, Available 1nformatlon 1ndicates
these lakes establish a metalimnlon (thermocline) between
6«12 m in depth (Figure 11), Actual depth of the metalimnion
layer appears to be determined in the early part of the open
water season by a combination of temperature and wind velocity

{Schindler 1971). The metalimnion will be found at a higher
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- FIGURE 11
Temperature profiles of first order lakes

in Yoho Nationeal Park,



level Af stratification occurs during a period of hot-still
weather, After formation strong winds willl have little effect
on the level of the metalimmion, Maximum surface temperatures
in the epilimnion layer were foﬁnd to reach 8.5, 11.0, and
6,3°C in MéArthur. O'Hara, and Oesa respectively during
August, Hypolimnion temperatures remained between 3,5 and

§,20C in all three lakes,

Only one of these first order lakes has been sampled
under winter conditions. Lake O'Hara was found to have an
inverted stfatification when examined on January 25, 1974,
Temperatures were 0.5°C at the surface and increased with

depth to 3.8°C at 12m (Figure 11),

Syntheéis of temperature data from geveral different
sampling dates allowed establishment of seasonal isotherms
for lLake O'Hara (Figure 12), As is the case with most
thermally astratified lakes in the Park, Lake O'Haia is of
the dimictic type in which two circulations take place each
yéér in the spring and summer, Thermal stratification is
inverse in iinter and direct in summer, Reid (1961) notes
that during the stratified summer period the metalimﬁion
constitutes an effactive barrier between the epilimnion and
hypolimion. Currents stimulated 5y wind, As well as
convection currents derived from cooling at the.sufface. are
limited in depth to the metalimmlion. This means that heat
and nutrients present in the region of maximum light are

prevented from mixing throughout the body of the lake.,
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Similarly, hypolimnetic water substances and many nonmotile
organlisms and those of limited mobility are restricted to
the hypolimmion. For photosynthetic organisms this state

of affairs is particularly critical. Depending on the depth
of the lake, of course, photosynthesis may be 1nh1b1ted in
the hypolimnion, This means that oxygen availablé for
aninal respiratldn may be reduced, carbon diexide increased,
and microscopic.algae (phytoplankton) as plant food for
herblvorous animals is scarce, During auntumn, a period of

cooling begins and, as the lake loses heat, density differences

‘between thermal strata become less., As thermal reéistance

to mixing is weakened, wind-generated currents reach ever
more deeply.inte the lake until a period of total autumnal
circulatioﬁ.occurs,.usually whén the lake ﬁaters reach 4°¢
in first ordqr lakes, Thls circulation may not occur until
midwinter in large deep lakes with high heat capaclity. When
cooled below boc the inverted stratificatiqn shown in Figure

11 may form below the ice cover and remain until spring.

Second order lakes in which summer thermai gtratification
oceurs but.hypolimnlon temperatures are somewhat above 4°C
are Ross, Emerald, Linda, Fairy, and Upper Opabin, All five
lakes have a rather narrow summer epilimnion layer with high
temperatures only In the uppefmost i-3m and:a‘rather constant:
temperature ﬁ;op in the matalimnion down tofa‘dépth of 8<15 m
(Figure 13). The maximum surface temperatures recorded for

these 1akes'are|
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Emerald 17.0
Ross 15.0
Linda 12, 3
Upper Opabin 8.2
Fairy 9.8

Hypolimnion temperatures range from 4.5 for Emerald to 6.7

for Linda lake,

Poorly defined metalimnia of the type shown 1n Figure 13

' may be the result of late-develeoping stratification,

Presumﬁbly this happens when a lake becomes thermally stratified
just before a spell of cool weather and a deep circulating
epilimnion 1s produced. A subsequent spell of warm end
relatively calm weather may now set up a shallow thérmocline

in the epllimnion, which behaves as if it were a complete
homeiothermal lake (Hutchinson 1957). An indication of the.
lateness thermal stratification may occur in the Park is

found in the data from Upper Opabin lake., This lake was

found to be nearly homelothermic on July 10, 1973 with
temperatures ranging from 1,1 at the surfece to 1.8°C at

the bottom.

Two of these second order lakes (Emersld and Ross)
have been sampled under winter conditions, Bdth had inverted
thermal stratification when examined and Emerald appeared to
maintain slightly higher temperatures in the hypolimnetic
region than did Ross (Figure 13)., The lower temperatures in
Ross Lake méy be caused by sustained autumn C1r¢u1ation or
the relatively small volume of water.aCtuallyciﬁ the

hypolimnetic zone resulting in a reduced amount of heat
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storage capaclity for this lake. FEmerald Lake, on the other
hand, has a large volume of water in the hypolimnetic region
resulting in the rather stable summer and winter hypolimnetic

temperatures observed,

Seasonal circulation periods for these dimictic second
order lakes are essentially as described for first order
lakes except that antumnal circulation occurs not at 4°¢
but at the higher temperature of the hypolimmion charscteristic

of second order lakes (Figure 1ib),

Several of the lskes examined in the Pgrk are of the
third order type .In that they are essentiéily unstratified
during the summer, These lakes are generally homeiotheimic
(and thus holomictic) ms & result of thelr shallow depth,
However, this group may be subdivided on the‘basis of the

probable cause of the homeiothermic condition,

Two third order lekes, Sherbrooke and Waﬁta. are fairly
deep (12,0 and 8.2 m respectively) yet remein unstratified
probably as a result of continuous windy conditions or high
water renewal rates, Sherbrooke lake was found to be
unstratified'when examined during four different gumners
(Schultz 1953j Anderson 1968b; present report 1971, 1973)
and often had less than 2,0°C difference betﬁeeh bottom

and surface temperatures (Figure 15).

Examination of seasonal lsotherms for Wapta Lake reveals

the almost vertical orientation of the 1sotherms (Figure 16),
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Windy conditions at both of these lakes during the spring
and summer are the probable cause of the homeiothermic

condition,

The second group of unstratified 1akes’1nc1udes sﬁalléw
lakes and ponds such as Schaffer, Mary, South Narao, Mid
Morning Glory, Upper Morning Glory, Ottertail Flats,
Duchesnay, Sink, Summit, and the Lower Opabin Pénds (Figure
17). These lakes appear to fit into the polymictic group of
Schindler (1971) which are shallow norfh temperature lakes
which may stratify by heating during the day, then mix

completély during nighttime cooling.

Winter sampling at Wapta Lake_indicates an 1nverted'
gtratification occurs under the ice with temperatures ranging
from 0.0 ét the surface to 3-5°C at the bottom when examined
on January 3, 1974% (figure 15). All of the shallow (under
2 m) third order lakes probably become frozén solid during
most winters while the others probably have'temperatures

close to 0°C as a result of their low heat storage capacity,

Streaﬁé. - Thermal stratificationlis not a general
characteristic of most streams because of theif turbulence
and shallow nature, When stream water# do-stfatify the'.
process usualiy takes place in poois along the stream .

course. In general streams are more affected by short term

environmental éhanges than are lakes or pondé.i A major

factor in théiwarming of stream waters is diiect‘solar |



C-34

*jIBJ TBUOTIFBN OYOZ Ul SeX¥BI

I9PI0 PATU MOTTBYUS Jo solijoxd aanjsxsdumsy,

ANBT 3 TUENG werierenes

aywT Lsusoyonq—
9xBI HUIg——

#YB] 0BIBYN Ynog——-—
8yel JIajjeyog

L essnssuaner®
e 04—

21 JU0DId

i i—a————— i———

i
\
L}
\
!
!
]
]
L

B
saejoum

_ ﬂ:d yadag

T 1 T
¢t 01 8
Jo sangsIaduos]

w-

N ™




radiation, A series of temperature curves recorded over
several successlve days of cloudless skies followed by an
overcast day will show rather regular fluctuations from

late afternoon maxime to early morning minima during the
cloudlesas pefiod, but. the cloudy-day curve will be flattened
(Reid 1961}, Smith (1972) found the temperature of the
Kicking Horse River in the Field reach fluctuated over a

4% range from 1200 to 1500 hours when examined during
August (Figure 9). Similar diurnal fluctuations at other
stream sites are to be expected., With resgspect to size and
water temperature fluctuations, a smaller stream will have
greater temperature variation and more rabid'response to
environmentai'éhanges. Winter temperatures in streams which
maintaln a flow are undoubtedly close to 0.0 while maximum |
summer temperatures were found to be as high as 15,0°C in

the upper reaches of the Kicking Horse River. Temperatures

of the major streams in the Park are presented in- Table 4,

Secchi Disc Visibility

Excluding.shallow lakes where depth is the limiting
factor Secchi disc visibility ranged from 1;0 m at Emerald-
Lake to over iz.o m at Ross Lake (Tablé 5)« - In genersal
Secchl disc visibility was lowest in those 1akes such as
Emerald, Sherbrooke, Oesa, Upper Opabin, and McArthur which
are fed directly by glacial meltwater, TheSe'lakes had a
mean visibility of 3.7 m. Secchi disc visibility was

highest (mean of 7.7 m) in lakes such as Rosg, Wapta, O'Héra.



Table 4, Summary of stream temperatures in Yoho
National Park during 1973.

Site Date Temperature ©C
102 19/1IV sl
: 28/VIII 7.8
104 19/V1 7.2
10/IX 8.8
- 106 2 /VIII 7.5
107 20/V1 L,o
108 19/VI 7.2
111 13/V1 7.8
112 13/V1 10.0
113 18/V1 6.2
114 10/VIII 9.4
118 12/VIII 9,8
119 18/v1 5.7
121 LAIII 5.0
10/IX 75
122 LI 7.5
125 12/V1 6.2
126 6/VI 3¢5
127 6/V1 3.5
128 ' 8/VI 3.5
130 C6/VI 3.0
o132 : 5/V11 3.0
133 5/V1I 2.8
134 8/VI 5.0
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Table 5, Summary of Seecchi dise visibility‘values (m)
tur lakes in Yoho National Park.

take Lake . Date Secchl! Lake Lake Date " Secchi
.- No. nane Dayv/Mo./Year depth HNo. name Day/Mo./Year depth
6 Ottertail 8/8/74 1,5+ 22 HMld Mern. Glory 8/7/70 2.5+
7  Schaffer 6/8/66 2,5+ 12/7/73 3.0+
23/8/73 2.5+ 23 Upr Morn. Glory B/7/70 4,0+
. 8 Mesrthur 686 8.2 , 12/7/73 ks
' 10/8/72 12.0 24 Linda ‘ 8,/7/70 12,0+
23/8/73 6.1 . 12 10
A h /?2/73 11.0+
: 25 Vera =
9 O'Hara 29/ /66 5.0 ’ 3/9/53 5054
o 23/8/66 7.2 :
' 31/7/68 8,2 26 Tuerald 5/7/66 3.0
7 1h/7/72 3.0 23/8/66 3.1
; 10/8/72 8.5 17/6/71 2.0
11/7/73 6.8 L/8/71 1.0
28/8/73 4,2 10/9/73 5,2
. . 10 Mary B8/7/70 3, 5+ 28 Ptarmigan 2/9/E9 2,0+
11/7/73 3.5+ 29 Crystal 9/9/69 2.0+
e 11 Opabin 8/7/70 1.4+ 31 Little Genm 9/9/69 5.8
’ 12 Vistoria 5/8/66 k. 5+ 35 Otto 9/9/59 6.l
) 13 Opabin 31/7/68 1.5+ ‘37 Hiwetinok 9/9/69 5.0
16/7/73 1.5+ ' .
38 Hamilton 9/9/69 10.0
. 14  Opabin 6/8/66 2,7+
; 31/7/68 2.7+ ki Celeste 9/9/69 5.7+
i 10/7/73 2.7+
42 Duehesnay 12/8/70 1.0+
15 Opéabin 6/8/66 2.0 14/8/73 1.1+
31/7/68 2.0
10/7/73 3.0 43 Yoho 12/8/70 12,0+
. 154 Opabin 10/7/73 1.2+ 44y FEidden 12/8/70 5.0
2. 16 Oesga 5/8/66 .0 k4P Nr. Hidden 12/8/70 1.0+
- 21/8/73 3.5
. 47  Sherbrooke 8/7/66 2.0
i 17 Ross 18/6/71 12,0 5/8/66 0.75
§ 5/8/71 12.5 | 11/7/71 3.5
= 13/6/73 10,0 ; 13/7/73 2.2
_ 18 South Narao 9/7/70 6,3+ LB Sink 17/6/71 . 2,0+
: : 14/6/73 2.5+ : 5/8/71 2.0+
- 29/8/73 2.5+ S 5/6/73 2.0+
19 North Narso 9,/7/70 1.2+ 49 Summit 7/7/70 1,7+
: 1%/6/73 1.2+ _ 1/6/73 1.2+
29/7/73 1.2+ ; . 30/7/73 1,2+
20 Wapta 5/7/66 8.0+ 50  Falry 9/9/69 7.0
‘ £3/8/6¢6 8,0+
12/6/71 8.0+ 51 Waves 9/9/69 2.4
u/8/71 L.o
12/6/73 8.0+ S5 Amiskwi . 9/%/69 2.5

21 IMr Morn. Clory B/7/70 3.6+ 61 Indige 9/9/69 14,0
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and Upper Morning Glory which are not directly fed by

.glaclal meltwater,

Schindler (1971) found Secchi disc visibility (S) was

related to light transmittance (T) by the equation
T = 0.0555 +0,172

with a correlation coefficient of 0.92 for lakes in the
Experimental Lakes Area of Ontario, Figure 18 jllustrates
the relationship between photosynthetically useful 1ight
transmittanée and Secchi disc visibility. As a general
rule about 5% of surface light is available at depths of
Secchl disappearance (Reid 1961). Similar'reéults were
obtained by Anderson (1974b) at Patricia Lake and Herbert
Lake, Regression analysis of the light penetration data
from depths of 1 and 4 m accurately predicted observed
Secchl disc visibility in these two 1akeé (Figure 19)., Use
= of Secchl disc visibility as an estimate of the depth.-of the
; euphotic zone has several limitations such aé,the selective
absorption of different wavelengths of light and the
potential error introduced when light is reflected from

the bottom,

Climate

Mountainous terrain causes weather conditions to vary
greatly within the Park and rapid changes afe not uncommon.
Temperatures during the 1973 collecting period (Flgure 20)
= | were above a#érage while precipitation was below the ten

year average {(Table 6). The warmest months are July and
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Table 6, Ten year (1962-1971) temperature and precipitation
levels for Yoho National Park,

Mean temperature °C

Precipitation (mm)

Month minimum maximum rain snow
January =12.5 =75 741
February -10.0 0.0 266
March =5.5 4.8 203
April =3.8 - 9.5 50
May 2.0 15.0 Ly
June 6.0 19.0 67
July 7.0 21,4 90
Augunst 6.5 22,0 50
September 2.2 16.0 bo
October «0.5 9.0 121
November =7.2 2.0 381
December ~12,2 “7e7 563




August with mean temperatures ranging from 7 to 22°C while

the coldest month is January with a range of -12,5 to -?.5°C.

-

Pyrheliometer recordings taken between July 5 and
August 27, 1973, indicate skies are generally clear in the

morning with inereasing clouds in the afternoon (Pigure 21) .,
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CHEMICAL LIMNOLOGX

Introduction

Although the number of elementai substances numbers

well over 100 only about forty elements commonly combine
to form organic matter. The carbohydrates, fats, and proteins
which make up all 1living organisms are constituted from about
twenty elements which can be considered essential., On a dry
welght basis,.only five elements (a) are present in the organic
tissue of the majority of living organisms at levels greater
than 1 per cent, These carbon, oxygen, hydrogen; nitrogen,
and phosphorus, in that order, At levels raﬁging from 1 in 2000
to 1 in IOO.We'héve eight more elements (b): sulfur,_chloriheﬁ
potassium, sodium, calcium, magnesium, 1r6n, and copper.,
Finally, at levéls ndrmally amounting to less than 1 in 2000
parts of the dry orgenic welght, but st111 apparently essential,
are seven more elements (¢)t: boron, manganese, zine, silicon;
cobalt, iodine, and fluorine (Russell-Hunter.19?0). To recapiﬁulate.
ranked in these groups by their fractional welights, we have:

(a) ¢, 0, H, N, P, o

(v) s, c1, K, Na, Ca, Mg, Fe, Cu,

(¢} B, Mn, Zn, Si, Co, I, F,

Considering the usual avallabllity of carbon dioxide and
water (C,O;'and H), it is obvious why the 1imiting nutrient

salts for agquatic productivity are often the assimilable forms



of the two remaining primary constituent elements; _nitrétes
and phosphates, In most fresh waters, all of the elements of
the second and third groups require a considerable concentration
by primary producers from the low 1evéls which occur naturally
in the environment. The avallability of suitable salts of many

of these elements can create limiting conditiong for productivity.

Rigler (1974) has described the general relationship
between nutrients and plant productivity as follows:

"The 1link between nutrients and primary productivity in
temperate lakes 1s now firmly welded., It appears that

if the supply of phosphorus is increased, the primary
productivity and the blomass of phytoplankton will be
increased, Although nitrogen is another scarce element,
1t is normally available in amounts exceeding the minimum
requirements of phytoplankton. An exception to this rule
1s found in lakes enriched with humen wastes, In these
the ratlio of N1+P is sometimes low enough that production
1s stimulated by additional gquantities of nitrogen instead
of phosphorus. Yet another situation is found in lakes

of granitic regions, These lakes have a low Catt content
and consequently an exceedingly small CO2 reservoir. If
they are enriched artifically with phosphorus, inorganic
carbon can become the substance in shortest supply. Less
commonly we find lakes in which productivity is stimulated
by the addition of one, or another trace element., In
sunzary, we know that the supply of nutrients determines
the productivity of temperate lakes, and that most frequently
phosphorug is the substance in shortest supply.”

Factors affecting water chemistry.

Precipitation. The waters of Yoho National Park have their
origin as precipitation in the form of snow and rain. Snow and
rainwater contain minute bhut significant amounts 6f dissolved
gasses and sollds which contribute to the'general,chemical'
nature of the resulting water bodies, A numberrof workers (see

Hutchinson 1957 for review) have attempted td.chafacterize the
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chemlstry of precipitation. 1In general it appears the ionic
composition of rainwater resembles the ionic ratios found in
seawater with absolute quantities varylng with the distance
from the sea, Table 7 presents data from Hutchinson (1957)

and Armstrong and Schindler (1971) on observed valvesg of caﬁion
composition of ralnwater and gives some indication of the range

of values whlech may be encountered,

Small water bodies which result primarily from melt water.
wonuld be expeéted to have water chemistry hot greatly differenﬁ
from snow, Second (No. 14) and third (No. 13) Opabin Poﬁds
appear to be two such meltwater ponds, The catchment afea
for these two ﬁoﬁds is relatively small with no permanent
influent streams, Table 7 contains water'chemistry data from

these two ponds for comparison with that of rainwater.

Geology. Concentration of major ions in surface runoff
water is higher than In preciptation because of decomposition
and solutlon processes in soils, glacial drift minerals, and
exposed bedrock, For this reason most of the water bodies in
the Park exiblt water chemistry chafacterlstios which are
different from'precipitationland instead reflect the type of
geology in which the watershed lies. The main pattgrns‘of vedrock

geology in the Park are sghown in Figure 22 (from maps prepared

by J.C. Sproule & Assoc.). The rocks of the Park are of sedimentary

origin with relatively soluble dolomitic limestone present
throughout most areas., The relatively insoluble rock guartzite

(silica fused sandstone) is found in the head-watef,region of
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{ _ : Table 7, Average dissolved major cations (mg 1“1) of rainfall
in the Experimental lLakes Area and "English Lakes
District" and in water samples from Mid and Lower
Opabin Ponds, Yoho Natlional Park. Supplimentary data
are from Armstrong and Schindler (1971) and
Hutchinson (1957).

Experimental English lakes Cpabin Pond | Opabin Pond

) Cation lakes area district (13) (14)
Ca 0.1 0.2 1.0 2.0
Mg 0.1 0.3 0.3 0.5
Na 0,22 1.9 0.1 0.2

K 0.09 0.2 0.1 0.1
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National Park (from maps supplied by J. C.

Pigure 22, General patterns of bedrock geology of Yoho
Sproule and Assoc.)




A

D-6

Cataract Brook, Figure 23 illustrates the main products expected

from the weathering and dissclution of several geologlcal types,

Dissolved gases.

Oxygen. The main sources of oxygen in natural waters are.
the atmosphere and plant resplration while major consumption ofl
oxygen 1s in animal and plant resplration and organic decomposition,
Measurements of oxygén levels in Park waters havelbeen conducted
only at Emerald, Wapta and O'Hara lakes (Anderson 1968b). These
measurements, together with some made in other mountain parks
(Anderson 1970e,g), give some indication of nofmal summer oxygen

levels in lakes -(Figure 24},

In thermally stratified (first and second order} lakes the

eplilimmetic layer normally has oxygen levels near saturation

with lower levels in the hypolimnetic layer. Oxygen measurements

in Emersald and O'Hara down to 14 m (epilimmion and metalimnion)

--indicates oxygen levels in the upper layers are rather uniform

at about 10 ppm (90% gsaturation). The more intensive studies

on Celestine and Patricia lakes (JNP) indicate the oxygen
saturation levels of these second order lakes rangzed from

60 down to 10% or lower in the hypolimnion {Anderson 1970e).
Similar values are to be expected in the hypolimnion of Emerald
and O'Hara as well as the Parks other first'and-second order lakes
(Ross. Linda, Upper Opabin, Fairy, Oesé, and McArthur).

Anderson (1968b)found Wapta Lake had uniform oxygen levels
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Sedimentary Rocks

Mechanical weathering

Conglomerates Boulders
Brecclas Cobhbles
Pebbles

Granules

Sandstone (sgsand)
Siltstone (silt)

" Shale (clay)

Chémical weathering

Slightly soluble

Limestone (CaCOB)

Dolomite (MgCO3,CaC03)
Chert (solugle giliea)
Hematite (1ron oxides)

Figure 23

Very soluble

Gypsum (CaSOu'EHzo)
Anhydrite (CaSOy)
Salt (NaC1)

Main products expected from weathering and dissolution
of sedimentary types of bedrock (from Branson, Tarr,and

Keller 1952),
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from surface to bottom at about 11 ppm (95% saturation),
These values are consistent with the holomlctic (third order)'
nature of this lake and are to be expected in the other
unstfatified or polymictic lakes such as Sherbrooke, Shaffer,

South Narao, Sink, Duchesnay, and Summit,

Winter oxygen measurements have not been conducted in the
Park however dats from two second order lakes (Snowflake and
Herbert) in BNP 1ndicéte that oxygen levels beneath the ice could
be expected to remaln between 70=-80% saturationlin the upper
layers and around 10% saturation 1n the lower 1ayers (Anderson
1970g). This is especially true for those oligotrophic lakes with
1ittle plant growth where O concentration may_névér drop below -
50%, even at the bottom. Shallower lakes or lakes with abundant
plant growth (mostly third order) such as Sink, Summit, North
Narao, Shaffer.‘Lower Opabin Ponds (No. 13'and 14), and Ducheéﬁay
would be expected to show oxyzen depletion in winter as a result
of the decomposition of organic matter. Plants'prodﬁcing oxygen
through photogynthesls during the summer wOuld cohtribute to the
oxfgen debt of the lake during the nonphotosynthetic‘period of thel
winter., Evidence of anaerobic winﬁer conditions at Sink, Summit,
and North.Nérao‘was the odor of HsS encountered when penetrating

the ice for wintér sampling.

Oxygen concentratlons have not been determined for Park

streamg, Other studies (Mayhood and Smith 1972, Robinson and
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Smith 1974) indicate oxygen levels 1in streams neaf Lake Louise
(BNP).are usually near saturation (10-13 ppm}. A similar conditién
would be expected to exist iIn the Park where most streams are

of a turbulent nature and many are torrential, Beaverfoot

River appears to be the only stream where a low gradient (Table 2)
may produce laminar flow and reduce the amount of physicsl

aeration,

Carbon dioxide, bicarbonate, and pH. Carbon dioxide in

natural waters l1ls derived from a number of sourées. Baqterial
decomposition of organic matter and respiratlion by animals and
plants contribuﬁe to the concentration of carbon dioxide., In

the case of plants the greatest net contribution occurs at night,
when there 1sln0:1ight for photosynthesis. Ground waters flowing
or seeping into iakes and streams may carry cérbon_dioxide, the
amount being determined by the extent of decompoéitioﬁ in the
topsoil and by the nature of the underlying bedrock. Finally,
the atmosphere directly furnishes some carbon dioxide to natural

waters,

Carbon dioxide is an inmportant componeﬁt.bf'the water in
that 1t acts as a "buffer"” against rapid changes in pH, helps
in the regulation of blologlcal processes in aquétic communities._
and 1s a source of carbon for the formation of biologically |

important compounds (Reid 1961).
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Dissolved carbon dioxide is found in three states:
1. "free" 1,e, CO» in solution plus carbonic acid (H2C03)
2, "half~bound” 1i.e, bicarbonate (HCOB-)
3. "bound" 1,e., carbonate (CO3=).
When carbon dioxide dissolves, the reactioun and end products
depend upon the nature of the solvent, particularly with relation.
to the hydrogen-ion concentration (or pPH). The proportion of
COs, HCO3“, and 003= prsent at different pH levels is i1llustrated
in Pigure 25,

To summarize‘the activities of carbon dioxide and bicarbonaté
in relation to pH in lakes and streams: (1) the pH falué varies
inversly as the dlissolved carbon dioxide concentration, and
directly as the bicarbonate concentrations (2) the critical
value relating to the presence or absence of free CO, 1is pH78.
the free gas being absent above that value, . The absehce‘of free
CO» does not limit phptosynthesis by certain élgae and higher
plants, some bélng adapted for utilization of 002 from carbonates,

a process which usually results in very high pH walues (Reid 1961).

Newly formed lakes in regions of weakly sdlublé rocks
typlcally contain 1little carbon dioxide in any form., In these
situations the low quantity of carbonateé in ﬁhe substrate results
in 1ittle of the bound (CO3”) or half-bound (HCO4™) forms of COp.
Two Park lakes which lie in the relatively insoluble quartzite

reglon and which appear to be of this type are the Lower Opabin



100

Percent
of total 504
‘002

Figure 25

The relationship of Hydrogen ion concentration to the
percentage of total Carbon Dioxide in each of its
formz in water,
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ponds (No.13 and 14), The small dralnage areas of these lakes
contributes to the paucity of soluble minerals as nutrlents for
blologlcal processes and further inhibits the development of

large biotic populations that would contribute carbon dioxide‘
through respiratlion. These lakes exhibit the lowest pH fouﬁd

in the Park at 6,9 and 7.1 respectively. These pH levels indicate
.most dissolved CO2 would be in the form of HCO3' with a small
amount in the form of umbound CO, (from Figure 25} however none
was detected due to the very low levels present, The (carbonate)
hardness of these lakes {(Table 8), at 3,6 and 7.1 ppm respectively;

places them in the "vefy soft water” group of Thomas (1953).

Although pH values ranged from 6.9 - 9.35 most of the lakes
.1n the Park f#ll into a group in which the pH ranges from 7.5 -
8.2 and may be called soft and medium water lakes (Table 8), |
In these lakes the C02 exists mainly in the form of HCOB' and
total hardness ranges form 25-124 ppm. Within thié group those
lakes which are assocliated with quartzite areas have a lower pH -
and hardness as compared with those which lie in dolomitic

limestone (CaMg(CO4)2) areas (Figure 22},

Duchesnay Lake has the highest pH at 9.35 and as expected.
from Figure 25 is the only one which exibits an,appreciablé

amount of carbonate (C03=) at 6.8 ppm.

A few lakes iIn the Park can be-considered'ﬁhe‘hard water‘

type of Thomas (1953). These are Amiskwi, Fairy, Summit, Yoho,
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and South Narao with a range of hardness {as Calcium) from
122-150, The pH of these lakes range from 8.0-8,4 and have

bicarbonate as the predominant form of dissolved carbon dloxide,.

The relationships of COZ—HCO3‘-COB= and pH described above for.
lakes also holds true for streams. The pH values found in Park
streams (Table 9)were of a much narrower range (7,8-8,3) than
those for lakes (6.9~9,35). The lowest pH values at 7.8~7.9
were obtained from the upper reaches of Cataracﬁ Brook and its
tributaries, Oesa and Opabin Creek. Slightly higher pH values
of 8,0-8,2 are found in the lower Cataract Brook and in Sherbrooke
Creek, lower Yoho River, Ross Creek, and upper Kicking Horse
River (Figure 26), The Kicking Horse River and 1ts tributaries

downstream from Emerald Creek all have a uniform pH of 8,13,

As expected at these pH levels any excéss COp enters 1ntb
combination with lime in the substrate to give a blcarbonate,
The range of bicarbonate levels in streams 1is also muich narrower
than in lakes at\3h-?8 ppt in the Cataract Brook dralnage area

end from 62-143 ppm in the other drainage areas (Figure 27).

In general the bicarbonate levelé‘of streéms vary directiy
with the distance from the headwatérs. This is an indicatlon
of the strong influence of the substrate type and its solublility.
In the case of Cataract Brook and Kicking Horse River the soft
water of the upper tributaries is destlned-to‘flow over carbonate

rich sedimentary formsations in the lower reaches (Figure 27). The
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addition of carbonate ions serves to shift the pH level towards
the basic range of the scale, usually to about pH 8.3, This
increase in pH is accompanied by a mparked rise in the totai

(bicarbonate) alkalinity, end a decrease in free carbon dioxide.

Total dissolved solids, conductivity, alkalinity. The total

concentration of dissolved substances or minerals in natural

waters ls a usefui parameter in describing the chemical density;
and as a general measure of edaphle relationships that contributé
to productivity within the body of water (Reid 1961). Coupled with
a morphometric parameter such as mean depth to‘produce a morphoedaphic
index (MEI) the total dissolved solids (TDS) has been of some
value in predicting the yieid expected for s ﬁide range of lakes
{(Figure 28.. for review see Henderson et al. 1973). Specific
abiotic variables may also have significant effects oﬂ production.
In Yoho National Park, for example, high levels of inorganic
turbidity in the form of glacial silt may inhibit light
penetration and hencé supress photosynthesis., High nutrient
levels and low mean depth (a generally favorable condltion for
production) may be completely obliterated by the negative effects
of this factor, The applicability of a MEI in the Park will be

discussged later,

Dissolved substances included in the TDS are listed in
Table 10. 'TDS levels {often termed "sum of constituents") are

obtained by critical chemical snalysis in the laboratory. A4
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Table 10, Summary of major ionic constituents of water samples
from lakes in Yoho National Park, Values shown are
percent equlvalents of total dissolved solids, The
alkalinity:conductivity ratio is also given.

Lake K Na Ca Mg 504 Cl HCO3 COp Alk:cond
8 0.10 0,23 34,2 15,6 5.3 0.26 by, 1 0.0 43,3
9 0.21 0,40 32,2 16,9 10,8 . 0,34 39.0 0.0 41,0
10 0.15 0.40 26,3 24,2 16.9 0.17 33.3 0,31 35,0
13 1,98 3,37 38,7 19.0 17.7 L, 3k 14,7 0.0 6.6
14 0.95 3.25 37-3 15,3 18,6 0.0 24,3 0.0 18,7
15 0.46 1.18 27.1 19.1 1“"6 0.25 3?.0 0-0 39.0
15A 0.15 0.26 24,9 20,8 18,8 0,16 1 0.0 39,7
16 0,19 0.51 38.5 13,6 5e¢5 0.77 Lé,.1 0.0 46,1
17 0,07 0,30 33.0 17,3 .6 0.35 44,3 0,0 L4
18 .10 0,30 38.3 11.4 1.7 0.17 47,5 0,08 0.8
19 0.13 0,38 37.5 12,5 2,8 0,27 hs,5 0.43 8.3
20 0,12 0,18 32,6 17.3 5.7 0.33 43,6 0.0 Li.9
22 0.18 0.63 37.0 12.5 3.9 0.07 hg,6 0.0 Lo,6
23 0.18 0,61 36,2 13,7 3.6 0.07 45,9 0.0 49,6
24 0.1 0,48 38,1 12,0 6.3 0.11 42,6 0,0 1
26 0,11 0,29 32,6 18,3 4,8 0,15 43,5 0.0 47.3
29 0.08 0.53 48,0 1.6 2.6 0.0 46,9 0,0 48,0
31 0.,15 0,80 24,1 25,6 7.9 0,06 41,0 0.0 L2,6
35 0.0 0.16 35.7 14,4 2.4 0,0 b7.2 0.0 L6, 4
.37 0,09 0,18 31,8 18.5 3.2 0.09 hs,9 0,0 bs,5
38 0.07 0.45 34,0 34,5 2.4 0,0 47,0 0.0 48,5
Ly 0.,17 0.57 28.0 22,9 2.4 0.17 48,6 0.0 48,9
42 0,07 0,35 20,8 23.6 3.4 1,98 hi,.58 8.0 43,6
4 0,08 0.4 29. 19.? 6.1 0.1 43,8 0,0 45,5
18 0,06 0,22 32,1 17.8 3.8 0.24 hg & 0.0 47,0
ho 0.24 1,00 32,7 16,1 4,4 1.4 L3,9 0,0 b5, 4
50 0,13 0,32 32,6 17.3 25,0 0,03 2,4 0,0 24,1
55 0,11 0,21 31, 3 17. 7 25.3 0.03 25,1 0.0 25,4
61 0.07 0.14 32,7 17.8 4,8 0,0 hi,3 0.0 45,0
Mean 0.14 O0.44 33,8 17.3 4.9 0.3 b2,7 0.2 0.6




good indication of the amount of TDS and its composition may

be provided by two other measurements which are more adaptable
to field conditions: conductivity and alkalinity. Conductivity
is a measure of the total amount of lonized materials in water
and 1s obtalined through a determination of the electrical
conductance of the solution (generally expressed as n mho-cm‘lj.
Alkalinity is a measure of two of the major constituents of the
TDS, the HCO3™ and 003=. Although not always the case alkélinity
usually refers to the activity of CaCOa. A comparison of the
correlation of alkelinity and conductivity with TDS is shown

in Figure 29. As can be seen 1n the figure thg conductivity is
directly related to TDS with a high degree of correlation (r=0.05) 
in the Park waters examined. Wlthin the Park TDS wvalues range
from 4 in Lower Opabin Pond to 176 in Amiskwi Lake, The general
distribution of TDS values for lakes is shown in Figure 30. Loﬁ‘
TDS values are genérally regtricted to the headwaters of Cataract
Brook 1.e., mainly in the quartzitic areas of the park. Kiwetinok
Lake also has a rather low TDS value at 53 ppm which is probably

due to i1ts small drainage area in relation to surface area,

Conductivity of waters examined ranged fr&m 15 to 303 and
as previously noted is highly correlated~witﬁ TDS.. Alkalinity
is also correlatéd with TDS especially in thosé lake where
bicarbonate 1s the predominant anion present, In lakes such

as Fairy, Amiskwi, Upper Opabin, and Lower Opabin Pond (No, 14)
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the presence of S04~ mekes the alkalinity a less reliable
jpdicator of TDS. The alkalinity values can be used to
advantage, however, to enable a rough estimation of the

proportion of the TDS which is due to HCOB' in a given lake,

'In Figure 31 the ratio of alkalinity and conductivity are plotted

against the percentage of bicarbonate ions in the TDS as
determined by laboratory analyslis. A very-good correlation
(r=0.98) 1is found which allows the prediction of per cenp

HCO3~ from data on alkalinity and conductivity. 'Ptarmigan

Pond, for example, hag never had a complete chemieal analysis
which would give the type of ionic specles present. From
conductivity measurements an accurate estimation of the TD3 can
be made (estimated as 80 from Figure 29) and the ratio of
alkalinity to conductivity allows an estimation of the relative

amount of HCOB‘ which is contributing to the TDS (estimated to

be 37.3% Hco3f).

The pattern of TDS values in streams ls éimilar to that
described for bicarbonate in which the lower values are usually
found in headwaters with increasing amounts of dissolved sollds
picked up ag the stream continues tp flow ovef soluble substratés
(Table 9). Both Cataract Brook and Yoho River show this patterﬁ
of increasing TDS (Figure 32). The relative pattern of IDS
concentration is ag follows for the Cataraét Brook-Kicking
Horse River complex: upper Cataract Brook < lower Catéract

Brook ¢ upper Kicking Horse River {Field reach (Ottertail flats.
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Downstream from the confluence of the Ottertail River the
Kicking Horse River again becomes lower in TDS very likely due

to the more dilute nature of this tributary,

Lowest TDS wvalues for Park streams are those of Opabin
Creek (at 41 ppm) and Oesa Creek (at 44,8 ppm) while the highest
values were in the Amiskwl River (147 ppm) and Beaverfoot

River (1732 ppm).

One interesting feature shown clearly by bomparison_of

stream and lake TDS is the i1solation of the Narao Lakes from

Cataract Brook during certain times of the yéar. Cataract

Brook flows quite close to these small lakes (within 10 m of
North Narab) and may at times be connected due to the activity of
beaver or othér natural processes., At the time of sampling

(June and August, 1973), however, it appears no flow from
Cataract Brook enters these lakes as the TDS 1s more than

double that of the brook (Table 8 & 9).

Ionic constituents, The ionic constituents of lake waters

in the Park wh;ch make up the TDS are shown in Table 10, A&
comparison can be.made with data on waters fromrsedimentary
and igneous bedfock areas (Table 11, comparative data from
Hutchinson 1957). The values for ionic specieé in Park waters
are in approximately the same proportions as the meaﬁ value

from sedimentary source material, Bicarbonate is the dominant
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Table 11. Mean equivalent proportions of cations
. and anions in waters from Yoho National
e Park as compared with natural waters from
- = sedimentary and igneous source material,

- Yoho Sedimentary ., - Igﬁeous
Ton National Park source material source material
Na 1.3 4,8 ' 30,6
K 0.4 8.0 N 6.9
Mg | 51.6 3,0 - 14,2
ca - 98,9 53,2 48.3
? H003“+003= 125,2 93,8 ": 73,3
d Sou= 16.9 6.2 : 1k
c1- 0.9 o o 1246

*¥Data from Hutchinson (1957)

E 5

B dd



b-3

anion and calcium the dominant cation in both cases., The

absence of igneous bedrock in the Park precludes the oresence

of high amounts of sodium and other constituents of that source

material,

Individual variations in proportions of lomic constituents
(Table 8) from lakes in different areas of the Park appear to be
assoclated with differences in bedrock type.' Calcium and

magnesium are found in roughly equal amounts in waters from

lakes in dolomitic (CaMg(COB)g) areas of the Park (Figure 22),

Crystal Lake is somewhat different from most lakes in dolomitic
areas In having very low amounts of Mg which probably lndicates
Surrounding area of 11mestone,(CaCO3) i1s 1low in MgC03. On the
other hand three lakes Otto, Little Gem. and Duchesnay Lake

had Mg in greater amounts (equivalents) than Ca‘which may be
due to localized abundance of MgCO3. The upper Cataract Brook
drainage area has Ca as the major cation with lesser amounts

of Mgo

The cations Na and K are found only in small amounts in the
Park as is expected from rocks of sedimentary origin. Sodium
is always the dominant lon of the pair‘énd the ratio of Na/K
for different_lakes appears to follow no defiﬁite'pattern within
the Park. Lakes as different as Falry, Emerald, South Narao,

and Upper Opabin all have approximately the sameoratios (Table R

2

the

) e
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In most cases the Na and K make up an insignificant amount of
the total dlssolved solids except in the very dllute Lower
Opabin Ponds where Na is about 3% (equivalents per million) of

the lonlic speciles.

The major anion In Park waters is BCO3™ followed by 804:'
and very low amounts of C1~ and CO3=. Generally speaking the
high blcarbonate lakes lie within the dolomitic limestone areas
of the Park with lakes low in bicarbonate restrictéd to those.
in the lake O'hara srea,. Two lakes high in sulfate, Fairy
and Amiskwil, 1lie in dolomitic formations which may contain
gypsum or may be assoclated with sulfur éprings. More detalled
géological information i1s required in. order to determine the

exact cause of the high sulfate content of these waters,

The low amounts of chloride present 1ndicétes that the

maln source for this ion may be rainwater and snow (Butchinson

1957).

General comparison of Park waters with other'afeas.'

Table 12 presents data for some lske watér analysis
parameters as compared with waters from other mduntéin parks.
In general one would expect to find that the range of values
obtained for any particular parameter is propoftional to the
number of lakes examined. Such 18 the case In Yoho National
Park where the.number of lakes for which detéiled chemical

analyslis is available 1s now 30 with two others having some
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minimal data., The data available cdnsiderably Increases the
range of values_for these parameters as compared to those

previously reported from the Park {Anderson 1968b, 1970a).

Although a small and compact park, Yoho presents a more
diverse plcture of water quality than might be expected at
first glance, As previously described, the lakes examined
range in elevation fron 1100 to 2455 m and span terrestrial
plant zones from upper montane to alpine typeé, The water
chemistry data reflects this diversity with ranges of values
for conductivity, pH, TDS, alkalinity, and total hardness
comparable to and in some cases exceeding those from the other

larger Mountain National Parks (Table 12),



BENTHIC INVERTEBRATES

Intreduction

Examination of biological aspects of Park waters requlres
the synthesis of a large amount of data collected by various
methods, The detailed data presented in Volume 11T of this
report are best handled by summarizing in a number of tables
fbr easy examlnation and comparison. To thaﬁ end we present
the following tables which the reader may find of value in the

discussion of the taxonomic groups which follow:

Table 13, Summary of mean numbers m'2 of major invertebrate
groups collected in dredge samples from lakes in
Yoho National Park,

Table 14, Summary of percentage composiﬁion of major groups
‘ of Invertebrates collected in dredge samples from
¥ lakes in Yoho National Park,

Table 15, Summary of mean numbers of major invertebrate
groups collected in 30 minute shoreline samples
from lakes in Yoho National Park.

i Table 16, Summary of percentage composition of major invertebrate
. R groups collected in 30 minute shoreline samples
' from lakes In Yoho National Park.

. Table 17, Summary of mean numbers m—2 of. major invertebrate
groups collected in benthlc samples from streams
in Yoho National Park,

. Table 1R, Summary of percentage composition of major invertebrate
. groups collected in benthic samples from streams
: In Yoho National Park,
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Table 14, Summary of percentage composition of major groups of

invertebrates collected in dredge samples from lakes in

Yoho National Park,

E-3

Group

Site 6 - 7
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Oligochaetn
Hirudinea
Amphipoda
Evhemeroptera

Trichoptera
Chironomida=
Misc, Diptera
Coleoptera
Misc. Insecta
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Gastropoda
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Turbellaria

Two specles of fresh-water flatworms (Orders Tricladids
and Rhabdocoela) were collected from lakes and streams in YNP,
These small flatworms are typically found under rocks or debris
where they may feed on either living or dead animal and plant

material,

The triclad Polycells coronata was found at 15 of the 30

stream sites (Table 17) and along the shoreline of Indigo Lake, -
Its preference for flowing waters has been noted by several

authors (Hyman 1951, Macan 1963) and its distribution within

the park supports those observations. Polycelis corqnata

was usually found in low numbers with an ovérall average density
of 5.4 w2 for the 30 stream sites. Highest numbers ﬁere

found at the head of Cataract Brook (site 130) where there

were 115,5 m-z. In the study by BRobinson (1972) of the streams

near Lake O'Hara he also found P, corcnata in high numbers

(65.0 m™%) at site 130. He found p. coron'a'ta.only at one other

site: Morning Glory Creek with 6,5 m~2, Robinson and Smith ‘-'

(1974) found triclads (identified as P. coronata by the present

anthors) at 11 of 13 stream sites examined in the Bow~Pipestoné

area near Lake Loulse, An analysis of the data presented by

Robinson and Smith (1974) indicated an overall average density

2 )

of 4.4 P, coronata n~° was found with a range of 0-43.2 m™%,

Highest numbers of P, coronata in that study were found at the



first station below the Lake Louise sewage lagoon outfall.

This station was considered the most eutrophic of those sampled

: g; in the Laké Louise area, a condition attributed to mnatural

nutrification.

Polycelis coronata was reported from both lakes and

streams in WLNP (Anderson et al.1972) and from Snaring River,
JNP (Ball and Fernando 1968), however no quantitative data are

avallable from these two parks,

The neorhébdocoele turbellarian Mesostoma sp. (probably
M. arcticum) was collected in shoreline samples at three lakes
in the Park: Oesa, McArthur and North Narao (Table 15), ”
Hyman (1951) notes that rhabdocoeles are charscteristic parts
of the fauna of alpine lakes and specles of Mesostoma_are
common in shallow waters in high altitudes and latitudes,
7 The average number of Mesostoma P, collectéd.ﬁn the timed
;“3 (30 minute) shoreline surveys from the three lakes ranged from

2=7,

g . No quantitative data are available on the distribution of
Mesostoma sp. in the mountain National Parks although Anderson

et al, (1972) noted the presence of i, eherenbergii 'in WLNP,

The turbellaria are seldom eaten by other animals as their
surface secretions appear to be distasteful 1f not actually

toxiec (Hymen 1951)., BRolen {1938) gaw dragonfly and damsel fly
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nymphs eat planarians, however their worst enemies are other
turbellarians for the group is highly cannibalistic, promptly

attacking weak or injured members (Hyman 1951).

Polycelis coronata made up less than 3,0% of the stream fauna

at all stations except site 130 where 18,3% of all 1nvertébrates
were P, coronata making 1t a significant member of the aquatic
communlty at that site (Table 14). Mesostoma sp. formed a
sienificant part of the shoreline community (Table 14) 1in the_
two alpine lakes Oesa and McArthur (25,9 and 25.0% resbectlvely)
but only 2 minor part of the numbers in the subalpine North |

Narao Lake (1.8%).

QOligochaeta,

Aquatlic oligochaetes have the same fundamental structure
as the common terrestrial earthworms. They occupy a niche
which 1s equivalent to that occupied by earthworms, and they
feed on detritus in bottom mud and mix it much the same as
earthworms mix surface solls (Pennak 1953)., Seversal speciegi
especlally members of thé genus Tubjifex, are consgidered useful
as indilcators of organlic vollutlion as a result of their abllity

to survive at low oxygen levels for extended periods (Brinkhurst

1971).

Three specles of agquatic oligochaetes were freguently found

in lake and stream samples in the Park (Table 19). Limmodrilus.

sp. was found in dredge samples from unstratified lakes (Mary,
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Table 19, Summary of aquatic ocligochaete distribution
in lakes of Yoho National Park,

Lake Lake Limnodrilus Tubifex Rhynchelmis
. No. name D S T D S T D S T
%ﬁ 6 Ottertail | _ 43
7  Schaffer 43 +
8 MeArthur
9 0'Hara 1.5 10 0.4 7.1
10 Mary | L,3 14,3+
13 Opabin - | - 43 +
14 Opabin 7.1 21.5
15 Opabin | 3
; 15A Opabin + 21.5
" 16 Oesa
. 17 Ross | 21,5 6
. 18 South Narao ‘ ‘ 43 + 21.5- +
- 19 ©North Narad 28.6 93,2
N 20 Wapta | | ' 204.2 1.3 +
) 22 Mid Morn, Glory + 32,2
23 Up. Morn. Glory |
. 24 Linda +
% 26 Emerald 129 +
: 42 Duchesnay 10.7
. 47 Sherbrooke 21,5 2 7.1 - 2.8 0.5
. 48 Sink 92,4 +
; 49  Summit - 63 + ) 37.2

= D= dredge (numbers m=2)
S= shoreline (numbers collected in 30 minute sample)
T= trawl (+= present)
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North Narao, Duchesnay, Sherbrooke, and Summit) and in one
stratified lake (Emerald). It was present only in the shoreline
samples of O'Hara and Upper Opabin lakes (first order).

Highest numbers (Table 19) of Limnodrilus were observed in

dredge samples from Emerald, Summit and North Narao Lakes where
they averaged about 5 per dredge sample or about 105 per square

metre, .

Limmodrilus sp. was the most common oligochaete in stream

samples being found at 6 out of 30 stream sites (Table 19),

The numbers of Limnodrilus sp., recovered in kick samples from

‘streams were always low averaging less than 1 individual for 3

kick samples at any given station. No particular preference

for gtream type was noted for Limnodrilus as it was found in

the swift flowlng Otterhead River, the slower Cataract Brook

(site 126), and the silty Kicking Horse River (site 112);

Tubifex sp. were found in 10 of 22 lakes with benthic data.
Highest numbers of Tubifex were found in South Narao and 3ink

Lakes at 64,5 =% ang 93.1 m=2 respectively (Table 19).

The only stream sample which contained Tubifex sp, was

Cataract Brook (site 130) near its origin at Lake O'Hara.

Rhynchelmis sp. was the largest and most common oligochaete

from lake benthic samples. It was found in dredge samples from
13 lakes and in the shore trawl sample from one other lake

(see Table 19). This species was also found at three stream
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sites: Hoss Creek, Upper Kicking Horse River, and Ice River.

Very few data are available on the oligochaete fauna

of mountain National Parks for comparison with the present

data from Yoho National Park. Schultz (1953) undertook the only
quantitative study of the benthic fauna of lakes in the Parkf
His results on the oligochaete fauna, summarized for comparison‘
in Table 20, are generally similar to those found in the present
study. Differences between his resvlts and those of the present
study are not considered significant due to differeﬁces in
sampling techniques, time of sampling, sampling locality, and

other factors,

The mean number of oligochaetes from benthic samples may
be compared with results obtained in Waterton Lekes National
Park where 44 lakes have been examined (Anderson et al., 1972).

Results are compared below:

Park Number of Number with Mean number
benthic sites oligochastes o>

YNP 22 17 54,9

WLNP Ly 30 139,5

The higher mean number of oligqchaetes per unit area found in
lakes of WLNP may be accounted for by the iower elevation
of many of the lakes in that park as compared to YNP, Ilake

altitude was found to have signifiéant negative correlation
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(p<0.05) with oligochaete numbers in YNP (Figure 33) and this
relationship probably holds true for WILNP as well. The highest
numbers of oligochaetes m~2 at approximately 150-200 in Wapta,
Summit, and North Narao lakes were considerably below the
maximum value from WLNP in Crandell Lake (1907 m™2). Several
other lakes in WLNP have oligochaete numbers ranging from
200-500 m'z. The relatively high numbers in benthic samples
from Wapta Lake (204.2 m™%?) is of interest in that it 1is
conslderably lower 1n temperature than the next two highest in
- oligochaete numbers: Summit and North Narao, The holomictic
nature of Wapta undoubtedly oontributes to the increased'
number of oligochaetes as compared to other lakes of a similar

slze and depth in the Park.

Quantitative stregm samples were not collected by Schultz
(1953) but Robinson (1972) made several collections in the
Lake O'Hara area and found oligochaetes at only one of six
sites, Mary dreek was found to have 5 oligochaetes m'z. In
the presenﬁ study oligochaetes were found atAonly 8 out of 30
stream sites and were always in low nﬁmbers ﬁéuélly averaging
less than 1 in 3 kick samples (Table 17). Robinson (1972) and
Robinson and Smith {(1974) found sﬁreams near ‘Lake Loulse

contained larger numbers of oligochaetes with numbers ranging

up to 179,2 m'2 in Louise Creek,
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Eleven stream sites were examined in WLNP by Anderson
et al, (1972) who found oligochaetes present at 8. As wlth
the lake samples the oligochaete populations in streams of
WLNP were found to be much higher than that of YNP, Comparative
numbers of oiigochaetes from stream sites examined in BNP, WLNP,

and YNP are shown below:

'No. of stream No,., with Megn Vo, Reference
PARK sites examined oligochaetes n~
WINP 11 6 43,1 Anderson.
et 1l,.{1972)
BNP 6 ' 5 _ 1.2 _Hobinson{1972)
BNP 13 13 ' 5,8 Robinson and
Smith (1974)
YNP 6 ' 1 0.8 Robinson (1972)
YNP 30 : 8 0.3  Present report

In dredge samples from lakes the oligochaetes were found
to be from 0-19% of the total number of invertebrates found
with a mean for 22 lakes of 5,3% (Table 14)., Highest values
were fdr Emerald Lake where nearly 1/5 of the specimens from
dredge sample were oligochaetes, In stream kick samples the
oligochaetes never formed over 2% of the invertebrates present

(Table 18) .

The low numbers of oligochaetes recovered from most
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sampling sites does not allow an accurate evaluation of the

possible factors which determine distribution in the Park,

Hirudinesa

The Class Hirudinea contains over 300 specles of marine,
fresh-water, and terrestrial worms, commonly known as leeches.
Although they are all popularly considered to be bloodsuckers
many specles are scavengers which feed on dead animal matter,
but more commonly they are carnlvorous and feed on snalls,
oligochaetes, and other small invertebrates‘(Pennak 1953).
These annelids are flattened, and usually possess sucking
devices which ald in locomotion and in attachﬁent while eating,
Leeches_reach maxlmum abundance in standing'ﬁaters contalning
large amounts of debris (Reld 1961). Davies (1971, 1973) has
reviewed the distribution and taxonomy of Canadlan leeches.
Six specles none of which are parasitic, were collected from
lakes and ponds in YNP during the present study. A summary

of the distribution of leeches in YNP 1is given in Table 21.

With the exceptlion of Emerald Lake all of the lakes with
leeches present were shallow and of a relatively eutrophic

nature, Helobdella stagnalls was the most common leech being

found in 6 of the 8 lakes which had leeches and was present
in a dredge sample from Emerald Lake durineg a winter sample.

Both Glossiphomia complanata and H. stagnalis sre almost always
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asgsoclated with snalls upon which they feed and are conéequently

commonly called "snail leeches" (Pennak 1953}, Reynoldson (1974)

reviewed the 1literature on feeding behavior of H. stagnalls
and noted this specliles appears to be an opportunistic feeder
and will feed on a wilde range of organisms including chirbnomid
larvae, oligochaetes, aquatic insects, as well as snails. The
largest numbers of H. stagnalis were found in Summit Lake
where 154,8 n=2 were present in dredge samples from‘dense

mecrophyte (Chara) areas,

Erpobdella punctata was the most widely distributed memberi

of . the Famlly Erpobdellidae'and.was found in 3 lakes with

numbers rangiﬁg around 25-50 m=2, Speclmens of Dina,

Mooreobdélla, and Nephelopsis were each found at only one -

lake site (Table 21).

Summit Lake had 5 of the 6 species of leech found in the

Park, the only exception being Dina (anoculata ?).

Rawson (1939, 1940) made extensive faunal surveys of
lakes In BNP and JNP, 1In most cases hls reports contain
reference only to the most numerous'species which were preseﬁt'
and benthic counts are not strictly comparable to data in the

present study. Rawson mentioned several species‘of leech

from BNP including E. punctats and G. complanata., Leeches
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were recorded most frequently from hls group of "small, low
altitude, highly productive lakés, mostly without permanent
outfiow". A large number of the lakes investigated by Rawson
in JNP contalned leeches but ndne were identified to genus |
level and no quantitative data are given. In the study by
Schultz (1953) onh benthic fauna in YNP he made no mention of

leeches in any of the lakes examined.

Reynoldson (1974) has presented data on the possible
correlation between conductivity and distribution of several
leech gpecles In Alberta, Table 22 gives a sﬁmmary‘of the daﬁé
on conductivity and leech distribution in Alberta, YNP, and

WLNP.

Leeches ma& form an important part of the diet of fish as
was demonstrated in a study of lake trout from Swan Lake,

Alberta, by Paterson (1968) where leeches were found to make

‘up about 15% of the stomach contents. Rawson {(1940) noted

that brown trout and suckers of Lake Annette (JNP) and eastern

brook trout of Beaver Lake (JNP) consumed leeches in small numbers.

Amphipoda (see Plate 4),

Two specles in the Order Amphipoda are found in sever31' 
lakes in the Park. The amphlpods, a group of small laterally
flattened crustacea, form an important part of the food chain

of the benthic asnd 1ittoral areas where they are found. Anderson
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and Rassveldt (1974) made both laboratory and field observations
of the feeding habits of the two amphipods found in the Park;

Gammarus lacustris lacustrls and Hyalella azteca, Gammarus .

was found to be a voraclious feeder rejecting plant material in
favor of live animal pfey. Types of prey eaten included

Daphnia (Cladocera), Diaptomus (Copepoda), Helobdella stagnalis

(Hirudinea), Branchinecta (Anostraca), and Clinotanypus and

Chaoborus (Diptera), Experimental evidence and field data
suggests that Gammarus predation may be an important reason
why Gammarus seldom, if ever, co-occurs with falry shrimp
{Anostraca), and why co-occurrences of Gammarus and Chaoborus
were rare In the waters investigated, Wo evidence of
predatory feeding was observed with H. azteca and this species

most llkely maintains itsgelf on detritus and plant material.

In addition to the important direct effects on the aqguatie
communities which results from the feeding habits of amphlpods
they alsoc contribute in a large way to othef trophic levels |
of the lakes in which they are found, Birds, fish, |
predaceous aguatic insects, and amphibiens often rely
heavily on amphipods for food., Amphipods also support pdpulations
of algae and sessile protozos on éll of theif external surfaces
and serve as intermediate hosts for a wide variety of parasites,
including tapeworns of waterfowl and fishes, and a few |

nematodes, trematodes, and acanthocephala of birds, fishes, and
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amphibians (Pennak 1953),

The distribution of Gammérus and Hyalella in YNP 1s.
shown in Table 23. Seven of the 22 Park lakes with adeguate
benthic and littoral sample data had one or the othér of the
two species while one (Sink Lake) had both species.  An
1nterest1ﬁg fact which ¢can be noted in Table 23 is the preseﬁce_
of Hyalella in 4 lakes all of which have rooted macrophytes
Gammarus on the other hand, is found in 4 lakes which are
relatively free of macrophytes as well as Sink Lake which Has
a macrophyte population, The data of Anderson and Raasveldt
{1974) 21so show a close correlation between presence of rooted -
macrophytes gnd Hyalella. It is possible the feeding habits
of this species-make it more dependent on macrophytes for its

habitat requlirements,

In most cases the amphipods were collected in fhe timed
shoreline (30 minute) collections or in tréwl samples, a fact
which makes accurate quantification difficult (Table 23). From
dredge sampleé'Ottertail Flats Lake (lake humﬁer 6) appears to
have the largest pvopulation of Hxalella {at hj m'?) whi]e- |
3ink Lake has the largest population of Gammarus (at'2?.9 5=2),
Amphlipods usually made up less than 1% of the total numbers
of invertebrates in dredge samples from lakes in the Park

(Table 14), Rawson (1939) found much higher numbers in some of
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Table 23, Summary of amphipod distribution in

Yoheo National Park,

Lake - Lake Species Gammarus Hyalella
No. name Sample type D S T D 3 T
6 Ottertall — - - 28,6 - -
9 O'Hara 14 - - - - -
17 Ross - 13 - - ~ -
18 South Narao S - - .+
20 Wapta - 1 + - - -
24k  Linda - 6 + - - -
26 Emerald - - - - - 4+
47 Sherbrooke 3.5 3.5 + - - =
L8 Sink b7 - - 73+
D= dredge (numbers m=2) ‘ o
= ghoreline (numbers collected in 30 minute sample)
T= trawl (+= present) '
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lower clear lakes of BNP, In Herﬁert Lake, for example,
amphipods made up about 80% of the invertebrate community ﬁltﬁ
numbers ranging up to about 1800 m“z. Recent samples from
Herbvert Lake indlcate these numbers have been greatly reduced,'
possibly as a result of heavy fish stocking (R.S. Anderson,

unpublished data).

Amphipods.were present in stomach contents of lake trout,
brook trout, cutthroat trout, or rainbow trout in all lakes |
listed in Table 23 except for Emerald Lake., In addition to
those lakes where amphipods were collected by normel sampling
methods . examination of stomach contents of brook trout from |
Ross Lake also ylelded amphipods in rathér large numberé.
Unfortunately specific ldentiflcatlon of these amphipods was
" not made, Schultz (1953) reﬁorted amphipods were also preéent
in Mary, Marpole, and Yoho lakes although no quantitative |

data or specific identifications were glven,

Mysidacea (see Plate U4),

The Mysidacea, or opossum shrimp, is an almost exclusively
marine Order of the Class Crustacea, One species, Hysis l
'.relicta 1s found in deep, cold, oligotrophlc lakes in many.
parts of the holarctic region formerly connected with or

covered by proglacial lakes (Pennak 1953, Hutchinson 1967},

Mysis relicta is not native to waters of YNP as it is not
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naturally found west of the continental divide (Lindgey and
Franzin 1972) but this species was introduced to Emerald Lake
}f : in 1967, Sixty thousand M. relicta collected iIn Waterton Léke

(WINP) were introduced (Ward 1967) in the hope of improving
the rather pbor fishery then exlsting in Emerald Lake. Specimens
of Mysis relicta were found in stomech contents of brook trout

- collected in Emerald lake during the present study and these

- findings pfompted speclal collections of Mysis from that lake,

The results of these collections are dlscussed with the

" zooplankton.
ée The success of M. relicta transfers to lakes in the
£ moﬁntain National Parks has been in guestion with no documented

recovery of ﬁxglg from eny of the lakes. From 1963-1967 over
' 5 million Mysls were transferred to lakes in ﬁhe moﬁntain.,.
National Parks (Ward 1967). The finding of Mysis in Emerald
Lake represents the first indication that the: transfers have
established breeding populations in any of the lakes andrindicaﬁes
‘the possible'need for an immediate examination of the other
recelving lakes. A number of reports and publications are
avallable on the importance of Mysis as a food organism (Clemens
Lo et =l, 193§), methods of collection (Sayer and Stout 1965,

Colbeck and Goble 1967, Anderson 1970c), successful transfers

 (Sparrow et a1, 1964), and evaluation of effects in areas of

introduction (Richards et al. 19?4;?Northcote 1972, Zyblut 19?0).
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Kootenay lLake, B.C., has often been used as a prime
example of the value of lMysis introductions to cause an
;% ' increase in filgh production in lakes lacking a sdurce of large
invertebrates (Hanson 1965). Northcote (1972) hoﬁever. has
pointed out that during the period of time when ﬂzglg was
thought to be the sole reason for an increase in the grdwth of
fish in the lake a major acceleration in eutrophication
oceurred as a result of qperationslat a Tertilizer plant.
. The effect of this eutrophication was to increase the. abundance
of zboplénkton aﬁd which effectively masked the contribution

of Mysis to the striking increase in size, weight. and'growth

rate of fish,

- Unfortunately it is only in recent investigations that
gtudies have been conducted on the 1ife history (Lassenby

and Langford 1972, Carpenter ‘et al, 1974), population chéracteristics
(Reynolds and Degraeve 1972), and feeding and assimilation

£ _ of Mysis (Lasenby and Langford 1973). Perhaps the most

: significant finding in these studles, from a.management

point of view, is that Mysis may not truly "fill the gap" in

the food chaln between microscopic plankton and forage fish,
Instead,‘ﬂxglg has been found to be a benthic detriti%ore duriﬁg
£ ' the day and is a voraclous carnivore in the llmnetic zone at

L ' night (Lasenby and Langford 1973) . These studies on the biology

bf-stis and its interspecific relatlonships have changed the

S

Y
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general tone of the literature from one of ungqualified
optimism on the potential 1n§rease of lake productivity
(Hanson 1965) to one where the value of addition of one
trophic level (Mysis) only to cause the loss of another (eé.
Daphnia and Bosmina) is seriously questioned (Richards et al.
1974)., - |

In any case 1t 1s apparent that stis.can have an 1mportant
gffecﬁ on the structure of the zooplankton and phytoplankton

communities of lakes where it is pfesent. For this reéson

we should assume that changes to the population structure of
the zooplankton community of Emerald Lake are taking place at
the present time and may be expected.to continue for some |
time, A discussion of the effects of the Nysis introductions

on the zooplakton of Emerald Lake is included in the

- zooplankton section of this report, A similar situation may

.exist in some or all of the other park lakes where transplants

have been attempted.

"Ephemeroptera,

The Ephemeroptera, or mayflies, are the familiar 1nsec£s
with fragile bodles and slender tails'which éwarm in the
vicinity of ponds and streams, The nymphs of mayflieé occupy
an important place in thg economy of aquatic communities,

They are herbivorous and transform plant tissue into animal
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tissue. Mayfly nymphs are practically defenseless, makine up
in numbers for their vulnerability. Since they are so readily
avallable, mayfly nyumphs are preyed upon by practically every

aquatic predator,

Mayfly nymphs respire primarily by means of articulating

‘gills which are situated at the sldes of abdominal segments.

" Of the ten abdominal segments, from four to seven bear gillsi

at their posterolateral corners (Day 1963). MNayfly nymphs

are remarkably differentiated in adaptation to dlverse '
en%ironments. While there are gradations, the forms_of body
shape fall into categories that match théir habitat as followé
(Neadham et al, 1935): - |

A, Still water forms

1, Climbers amid vegetation (eg. Siphlonourus,
Ameletus, Centroptilum)

2, Sprawlers on the bottom (eg.Cinygmula)

3., Burrowers in the bottom {(eg. Paraleptophelbia,

Habrophelbiodes) -

B, Bapid waters fornms

1, Agile, free ranging streamlined forms ( eg.
Parameletus, Ameletus, Baetis)

2, Close=clinging, limpet forms found under stones .

" (eg. Epeorus, Rithrogena, Cinygmmla, Ephemerella)

3. Stiff-legged trash-, silt-, and moss inhabiting

. forms (eg. Ephemerella)

Eighteen species of Ephemeroptera were collected from

. lakes and streams in the Park (Table 24)., Of these 18 all but

2 (Siphlonourus sp. and Paraleptophelbia bicornuta) were found




E-31-

Table 24, Ephemeroptera species found at lake and
stream sites in Yoho National Park.

Lake gites Stream sites
* Specles examined/present  examined/present.
; F. Heptagenildae
Rithrogena robusta _ 22 1 30 é9
Cinygmule sp. 22 o 30 29
Epeorus (Iron) sp. 22 1 30 26
E. (Iron) deceptivus 22 0 -~ 30 1
E. (Ironops;g)‘gréndig 22 0 30 22
F, Baetidae :
Ameletué'sp. i 22 6 , 30 10
Parameletus sp. - 22 | 7 30 15
Paraleptophelbia bicornuta 22 1 30 .0'
Habrophelbiodes sp. 22 1 30 1
Ephemerella doddsi 22 0 30 16
E. coloradensis 22 0 30 11
g E. ingfmis; | ' : 22 0 30 .6
E. proserpina | 22 0 30 A
E. mararita 22 0 30 2
Baetis sp. A 22 2 30 30
Baetis sp. B | 22 0 30 2
_ Cenfroptilum sp. 22 5 30 2
Siphlonourus sp. 22 7 30 0.
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in streams, ‘Nine species were found in lakes,

In lakes the Ephemeroptera were usually collected in
shoréline and trawl samples and were normally absent from
dredge samples., In the four lakes where dredge samples produced
Ephemeroptera two were from depths of 1.0m or ‘less and contailned
considerably largér'numbers than in the other two lakes

which had deeper dredge depths as shown in the following table:

Lake Dredge Ephemeroptera % of | Speciéé
, depth No. m~2 inverts -
O'Hara 5.0 21.5 0.1 R. robusta
Lwr Opabin (154)0.6 126.,0 . 85,7 Ameletus sp.
Sherbrooke 8,0 21,5 ' 1.7 Parameletus
Summit 1.0 215.0 2.6 Cemtroptilum
. Sp. ~

Only in lower Opablin Pond (15A) did the Ephemeroptera form
a significant part of the fauna from dredge samples., This
particular pond is characterized by a very shallow depth and t

a high flushing rate.

.The timed shoreline samples presgent a different picture
where the Ephemeroptera often formed a2 significant part of the

fauna, A comparison of numbers of Ephemeroptera collected along



E-33

' the shore of different lakes and ponds i1s shown in Table 25.
Largest numbers were collected along the shoreline of Upper
Opabin, Wapta, and Emerald Lakes where the predominant

species was different in each case, a possible indication of
thé different habitats available in these three lakes. Indeed,
s general trend can be seen in the distribution of ﬁhe '

predominant species shown in Table 25. In general Parameletus

sp, is found in lakes of high altitude, low conductivity and

Tew macrophytes; Ameletus sp. and Siphlonourus‘sp. are found

in lakes of moderate altitude and conductivity; Centroptilum

sp. is found in more eutropﬁic lakes of low altitude, High
conductivity gnd large numbers of-macrophytes; In all cases
the preddminant shoreline Ephemeroptera are the types which
are usvally regarded as "climbers amid vegetation" or "aglle,'
free ranging streamlined forms" described by Needhah et al, |
(1935)., Very few of the dorsoventrally flattened close

clinging types such as Rithrogena, Epeorus and Baetls were

found in lake samples (Table 25).

In the only other examination of lake Ephemeroptera 1in
the Pafk. Schultz (1953) made only a few references-to'the1r 

preseénce ag followst
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Table 25, Comparison of numbers of EFphemeroptera collected
in 30 minute shoreline samples from lakes in
Yoho National Park. :

Lake Lake Number Percent of total Predominant

{: number name collected 1inverts collected species
| 7  Schaffer 0 0 -
8 McArthur 2 8.3' ' Parameletus sp.
9 O'Hara O‘ 0 -
10  Mary 0 0 -
13  Opsbin 0 0 -
14  Opabin 0 0 -
15 . Opabin ‘ 87 ‘ | | Bi.3 7- Parameletus sp.
"15A‘ Opabin | 10 90,9 Parameletus sp.
. - : - Ameletusg sp.
16  Oesa - 2. ' 7.4 Parameletus 8P
17 Ross ' 1.6 2.3  Ameletus sp.
18 | South Narao 0.5 1.4 Centrépt;lum sp..
19 Nofﬁh'Narad 21 19,8 Slphlonouroﬁs Sp.
Parameletus sp.
3 20 Wapta 24 bo.6 ‘Ameletus sp.
- 22 Mid Morn. Glory 8 19 Sighlonouréus SD.
: ' ~ . Ameletus sp.
23  Upper Morn. Glory"-'éo 62.5 - Siphlonourus sp.
3 ' 24 Ilnda ' 0 | b - -
;- 26 Emerald 29 22 Paralegtoghelbia sD.
3 : . ' ‘ Centroptilum sp.
L2 Duchesnay ‘ : 0 o -
3 by Shérbrooke 3.5 8,0 Parameletus sp.
48  Sink | 25 21.4 Centroptilum sp.
) 49  Summit 14 38.8 Centroptilum sp.
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Lake Notes on Ephemeroptera from Schultz (1953)
Up: Morn. Glory “large numbers of ﬁymphs" seen along shore
Mid Morn., Glory "moderate numbers of nymphs" |

South Naréo "rich in mayfly nymphs"

Mary - _ : nymphs in fish stomach contents

Sherbrboke nymphs in shore coll., & fish stomach contents
Vera several adults found along shore'

Wapta o Nymphs in fish stomﬁch contents |

No quantitative data or species lists were provided

by Schultz (1953).

Anderson at al. (1972) examined 44 lakes in WLNP and
found Ephemeroptera in timed shoreline samples from 27, A

general comparison is given below:

- No. of lake No. with Mean No., collected
Park : sites _ Ephemeroptera in 30 minutes
YNP 21 14 | 11,7

WLNP Ly : 27 _ 19.2

The stream Ephemeroptera fauna is numerically dominated

by the "close-clinging, limpet forms found under stones" such

as Rithrogena robusta, Cinygmula sp., Epeorus (Iron) sp.,
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E. (Ironopsis) grandis and a single "agile, free ranging

streamlined form", Baetls sp. "A", Lesser numbers of other
species were found as shewn in Table 26. Baetls sp, "A" was
found at a1l 30 stream sites examined while R, robusta and

Cinxgmula sp. were both found at 29 stations, Epeorus (Iron)

sp. and E (Ironopsis) grandis were not found at 4 and 8 of the

- 30 sites examined, respectively.

All five of the predominant specles Were found in
greatest numbers ‘at fast flowing stream sites of moderate to
high elevation such as Ice River, Porcupine Creek, Upper
Ottertall River, Upper Yoho River, Sherbrook-Creek,'and
Cataréct Brook. They freguently averaged ioo-zoo-m-g at
these sites. The numbers were lowest at upper Cataract Brook
(site 130), Twin Falls Creek {site 122), and in the lower

reaches of the Kicking Horse River. An exception is E. (Iron)

sp; which was found in high numbers in the lower Kicking Horse

£ River; Figure 34 illustrates the relative changes in numbers

m‘2 of Ephemeroptera at stations in the upper Cateract Brook

~ drainage, Cataract Brook, and the Kicking Horse River. Absence
of three of fhe dominant species from site 130 and the general -
decline in numbers of most species as one proceeds downétream

may be noted,

A similar decline is apparent when proceeding downgtream

at all of the major tributaries of the Kiqking Horse River
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(FAigures 34, 35, and 36). This trend does not appear to

be due only to a change in altitude as no'significant
correlation (p>0.05) was found between this factor and numbers
of Ephemerbptera. Rather it appears changes in numbers and

" species composition may be more closely related to sfream
gradients and water chemistry., The decrease 1in stream gradients
in the lower reaches of most streams may be responsible in part
for an 1n6rease in the numbe? of species'present at the
downétréam stations (Figure 37). The close clinging forms

" which dominate the faster waters are present in the slower
Waters‘along with those additional nonflattened species which
are able to invade the areas of more moderate gradient, This

latter group of Ephemeroptera includes Ameletus, Parameletus,

end Ephemereila coloradensls, all of which were usually found

in relatively low numbers (Table 26),

The posslble correlation of the stream water chemistry
parameters (shown in Table 9) with numbers of ephemeroptera
wag examined and produced some interesting results, The
ﬁphemeroptera as a group were found to vary inversly with
the TDS, for example, as shown in Figure 38, The numbers of
Ephemeroptera at any given site also show a rather constant
and predictable decline with an increase in parameters such as
conductivity, total alkalinity, hardness, bicérbonate, calelium,

and silica, Two sites are notable exceptions, Site 130 at the
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Figure
Numbera and species of Ephemeroptera collected

at sites in the Yoho-Kicking Horse River systen,
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Figure 36
Numbers of Ephemeroptera collected at sites in
tributaries of the Kicking Horse River,
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origin of Cataract Brook and Twin Falls Creek (site 122)
produced fewer Ephemeroptera than would be expected following

the trends shown in the graph, The anomaly presented by site

130 may be explained by the relatively eutrophié nature of this

slte as a result of 1lts close proximity to the Lake O'Hara

Lodge (Wishart 1970, Robinson 1972, Mudry and Anderson 1973),
Robinson and Smith (1974) found Ephemeroptera made up a |
smaller percentage of the invertebrate popdlation in "eutrophic“
stations as compared to "oligotrophic" stations in the Lake

Louls area, A éimilar situation exists in YNP where Ephemeroﬁtera

generally make up about 60-80% of the invertebrates in streams

while at site 130 they make up only 16.4% of the total number

of organisms present (Table 18).

A different situation seems to be operating at site 122
where the percentage of Ephemeroptera is higzh but their actuai
numbers are considerablj lower than would be expected. The
possibllity of nutrient enrichment due to upstream activitiés'-
assoclated with the tea housge cannot be ruled out, but one
ﬁould expect changes in the percentage compositipn of 1nveftebrate
groups 1if eutrophication was the cause of the 1oﬁ numﬁers

observed,

With the exception of § sites the Ephemeroptera usually

made up more than 50% of the invertebrates collected at stream



E-44

sites, For all streams a mean value of 63.0% Ephemeroptera
was obtailned (Table 18). Robinson {1972} examined several
gites in the Lake O'Hara area and obtalned results very similar °

to those of the present study:

o et

Present study Robinson (1972)

" Mean percent No. Mean percent No

Site Ephemeroptera . m=2 _Bphemeroptera m-

126 - 56,4 322 39.5 115
; 129 33,8 109 45,5 100
L 130 16,4 103 13.1 57
;o 132 70.7 72 . 55.6 243
) 133 26,2 b7 : 28,0 265
b . Steams in WLNP had a mean of 732 (200-1750) Ephemeroptera

m“2 at 11 sites examined by Anderson et al. (1972). They found
a total of 15 specieg at stream sites which ranged in elevation
from 1281-1707m'as compared to 16 species at stream sites

ranging from 1094-2014m in YNP.

b

Plecoptera,

Adult Plecoptera, or stoneflles, are aerlal insects,
but they are seldom found very far from running water, the

_ habitat of the immature stages. The nymphs are all strictly

aquatic, and, as a group, are remarkably homogeneous in

structure, They resemble the adults but may be distinguishéd
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from them by the structure of the mouth parts, lack of genitalisa,
and often by the presence of fillimentous tracheal gills, and
wing pads instead of‘wings (Pennak 1953). The "two-talled"

" {two cerci) appearance would be a distinctive mark of the order

in aquatic habitats, except that nymphs of a few genera of

mayflies lack the centrsl caudal filament, Stonefly nymphs

. are most abundant in rapid stony parts of streams, less common

in quiet reamches, They seem to avold bare mud bottoms
compleﬁely,.but are often numeroﬁs on logs or stﬁmps which
prdtrude above the mud, A few specles occur .along the stony
shores of large and smail alpine and subalpine lakes

(Edmondéon 1963). The Perlidae, Perlodidaé, and some
Chloroperiidae are carnlvorous andlfeed on other aguatic insects
1nc1uding neyfly nymphs and Diptera larvae, The other forms |

feed on algae and vegetable debris (Pennak 1953).

A total of 14 stonefly species were collected in the
Park, 7 each in the carnivorous and herblvorous groups noted
above.“As is the case wlith mayflies they are sparsely
repregsented in lakes with only one common species and 4 rare
specles from shoreline and trawl and samplés (Table 27).

Alloperla fidelis(?) was found in shoreline and trawl sampies

“of 5 alpine and subalpine lakes with highest numbers at upper

Opablin Lake where 15 individuals were cocllected along the rocky

shore, Lower but still significant numbers were collected
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Table 27, Summary of mean numbers of Plecoptera collected from
lakes of Yoho National Park,

#

Species §3§§1§O%ype _§-AE—T é6 é7 go §3 §_EZ—T ;9
Areynopteryx aures - - - - - 1 - - -
Alloperla fidelils : 15 + 9 1,6 2,3 = 1 + -
Isoperla ebria - - - - 2,6 - 4,5 4 -
Acroneuria pacifica - - - - 043 = - - -
Nemoura oregonensis - - - - - - - - +

*S=Qshqre11ne.aampleg”numbers collected in 30 minutes
T= trawl sample, (+) indicates species present
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along the shore at Oesa, Sherbrooke, Ross, and Wapta lakes

where logs and other debris apparently supplled sultable

~habitat,

of the remaining species found in lakes only one,
sogerla ebria, was found in more than one lake, This specles

was found in small numbers at Sherbrooke and Wapta lakes.

The Plecoptera formed a large proportion of the total
shoreline invertebrate fauna at only one lake, Oess, which is
alpine and characterized by a rocky shorline and very
oligotrophic conditions (Table 16). The only species found at
this site was A. fidells. In the remaining lakes the Plecoptera

made up approximately 0-14% of the total shoreline fauna,

In the study of Park lakes conducted by Schultz (1953)
no mention was made of Plecoptera except for the presence of
one adult collected along the shore of Vers Lake. No other

studies are available on the Plecoptera of lakes 1ln the rark,

Plecoptera were found at all 30 stream sites examined
in the Park with numbers ranging from 6,0-83.2 m~2 (Table 17

& 28)., Nemoura oregonensis and A, fldells were the most common

species being found at 24 and 25 of the 30 sltes, repectively.
Nemoura oregenensis was the most numerous specles averaging

11.5 n~2 with a range of 0-U46.5 m'2.
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Plecoptera made up an average of 9.7% of the total fauna
of the stream sites examined with a range of 6.3-29.1% (Tabvle
18). This figure compares favorably with that obtained from
an analysis of the data presented b& Robinson and Smith (1974)
from BNP where Plecoptera averaged 9,8% (range 5~15%) of the
total fauna of streams examined in the Lake Louise area, As
noted previousgly thelr study was conducted in areas of
oligotrophic and eutrophic conditions and 1ndicéted the'
Plecoptera form a rather constant proportion of the total
invertebrate faunsa uﬁder variable conditions, Analysis of
the data fo; streams of WILNP presented by Anderson et al,
(1972) indicates the Plecopters made up a slighly lower

proportion of the invertebrate population at 6.0%.

At site 130 in YNP the Plecoptera made up 13.2% of the
total fauna. Although this percentage was not unusually high
for the Park, this site was characterized by the absence of the
more common species and the presence of 3 specles only rarely
found at other sites in the Park (Table 28). Rdbinson (1972)
found 15 species of Plecoptera in the streams of the lake O'Hara
area, Analysis'of.his data indicated the specles dominant in

most areas were absent from site 130 and were replaced, as in

the present study, by several specles not usually found at other

stations, A general comparison with the present data is given

below:
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il

Robinson (1972) Pregsent study

Site No. species Mean No, m-2  WNo, species MNean no. m-<
133 L 60 - o2 6.5
132 v 23 I s

131 3 105 | - -

130 1 90 6 83.0

129 3 12,5 '8 64,0

126 5 27.5 & 35.8

Distribution of streém Plecoptera in the Park aﬁpears
t§ differ somewhet from that deseribed previously for
Ephemeroptera. The relationship of altitude to the number of.
species present is gquite different with a generai trend for
more species at highef elevations (Figure 395- With only =
small number of sites in each altitudinal range, 1t_1é difficult
fo determine statistical slgnificance of the data available,
However, one mey note there are nearly twice as meny Spedies
from sites at 1800-2000 m as at 1200-1400 m, The 3 highest
sites (above 2000 m ) had a lower number of species which may
indicate the presence of more clearly defined ﬁppper environmental
1imits., These observations oﬁ the relationship of altitude
and number of Plecoptera specles compare favorably with those
of Knight and Gaufin (1966) who found a similar relationship

in the Gunnison River drainage of Colorado,
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The number of Plecoptera species present at stream sites -
of daifferent altitudes in Yoho National Park. Mean value

and range shown,
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The total number of Plecoptera species and the percentage
of "silt tolerant" spacies present at different levels of
turbidity in streams ‘4¢ Yoho National Park.



A second environmental feature, not altogether unrelated,
- which appears to have some effect on the types of stoneflies
present at any given site, 1s turbidity. Several of the

. gpecles in the Park are present in a2 wide range of altitudes_

(eeg, ?eitopefla mariana, N. cataractae, N. clnctipes, Capnis

sp.) but are absent from stations which are moderately to
hea#ily silted'(see turbidity levels in Table 9), Likewise,
there are severél species which appear to be unaffected and are

found under conditions of both high and low turbidity (e.s.

N. coiumbiana, N. oregonensis, Nemoura sp., Arcynopteryx
aures, A, fidelis). This latter group of stoneflies we may
refer to as sﬁlt-tolerant since thelr numbers remaln high
through a wide range of turbidity values. Figure 40 illustrates
the changes in the number of species present at various
turbidity levels as well as the dominance of silt-tolerant
specles at the higher turbidity levels. At turbidities of 0-1
and 1-2, silt-tolerant species make up 45-55% of the total,
while at higher turbidities they constitute over 85% of the
gspecies present. A further indication of this trend is seen
in the population size of each group at different turblditles
(Figure 41).

Knight and Gaufin (1966) found a general change in the -
composition of specles with a change 1ln altltude. Members of

the Suborder Setipalpla (mostly carnivorous species) were
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Nunbers of "gilt tolerant"” (e).and other Plecoptera (0)
at different levels of turbidity.
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National Park,
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dominant at all elevatlions examined but became more so at
higher elevatlons. 1In the present study the Setipalpia were
found to be subdominant at all elevations and no particular .

trend was noted {(Figure 42),

' Trichoptera.'

Insects of the Order Trichoptera (caddis flies) afe
represented‘in aquatic habltats by thelr larvae and pupae
which may be found in all types of fresh-water habitats, The"'
aerial adults are short-lived, and in most specles it it
likely that thls stage lasts about 30 days or less. The greater
portion of the 1ife history is spent as a larva, and it is
usually this stage that overwinters, Many specles build hollow
c¢ylindrical cases composed of sand grains, gravel; small pleces
of leaves, grass, bark, or twigs, Other species may build sllken
nets for the collectlion of food., Species of the genus

thacoghilia build no case or net.

Caddis fly larvae are chiefly omnivorous although the
" Limmephilidae, Hydropsychidae, and many Hydroptilidae feed
mainly of diatoms, other algae and higher plants., The genus

- Rhyacophllia and some Psychomylidae, on the other hand, are.

thought to be generally carnivorous; for these groups food

consists of small crustaceans, annelids, and insect larvae. Most



stages of one or more species of Rhyacophilia,

Twelve or more species of Tricoptera were present in
the lakes and streams of the park. In lakes, Tricoptera
were usually found in shoreline collections and trawl samples
while dredge samples producing Trichoptera were usually taken
from depths of 1m or less. Altogether, one or more of six
. specles were present in 17 lakes. An unidentified member of

“the family Limrephilidae (probably Limnephilus sp.) was the

most common lake caddis fly, occurring in 16 of 22 lakes
examined (Table 29). This specles was present in highest

numbers in shallow third-order lakes such as Mary, North

Narao; Duchesnay, and Mid Opabin (site 14). Hesperophylak ep., 3
found in 6 lakes, was the second most common specles, but

averaged less than one specimen per 30 minute shoreliﬁe

collection in the lakes where it was found, ‘Trichoptera in

‘lake shoreline samples made up an average of 16,7% of the.

total number of Invertebrates with the largest rercentage ét

South Narao, Mid-Opabin, Sherbrooke, Duchesnay, and Mary Lakes,

For these 1e.kesr the Trichoptera are an important group,

waking up rouzhly 1/3 to 1/2 of the total ﬁumbers of invertebrates

in shoreline collections (Table 16).

Sehultz (1953) included some references to the presence
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g

of Trichoptera in 8 of the 20 lakes he examined, A summary of

i
i

his comments are included below:

Lake . Comment on Trichoptera (Schultz 1953)
Marpole _ "abundant™
Mid Morning Glory "moderate numbers"
~ South Narao "rich in.,.larvae"
Ross "rich supply"
Mary | "aﬁundant“ '
: Sherbrooke "a few specimens"
Yoho "abundant"
Vera : ‘ "relatively good in,..larva"

3 Schultz's comments are in general agreement with the present

data although he provided no quantitative data for comparison,

Very littie overlap was found in the'species inhabiting .

lakes and streams, Four species (Rhyacophilia sp., Glossosoma

Sp., Parapsyche sp., and Neothremma sp,) dominated the stream

kick samples, where a total of 9 specles were found,

Rhyacophilia sp., Glossosoma sp., and Parapsyche sp. were

% preseht in most of the stream habitats in the park including

both clear and silty sites (Table 30). Neothremma ép. appears
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to avold silty sites and was confined mainly to the Amiskwl

and Cataract drainages., This specles produced the highest

. numbers.of Trichoptera with numbers ranging from ?0-8‘8.m‘2

at lower Cataract Brook sites.

The Trichoptera averaged 6,4% of the total stream fauna
for all stations with values of approximately 16-30% in Ross

Creek and the lower Cataract Brook sites {Table 18). Data on

stream Trichoptera_in the Lake O'Hara area from the present
study compares well with that presented by Rdbinsdn {1972}, é

sumzary of which is given below:

) “Robinson (1972) ' —?reseﬁt Teport :
i1 Site  Mean No, m~ %of fauna Mean No, m~2 % of fauna .
133 21.5 2.1 | 1.5 0,08
- 132 0.0 0.0 0.0 0.0
130 5,0 0.5 3.2 0.5
129 k5.0 27.2 106,0 38.7
126 80,0 27.3 9547 16.7

Comparison of the data indlcates the differences between sites

~are of a rather consistent and long standing nature,

Anderson et al, (1972) found many of the same gensra of

Trichoptera in WLNP streams as were found in YNP. In general

et




WINP streams were dominated by Glossosoma and Rhyacophlilia sp.,

both of which are common in YNP, Lineham Bréok (WINP)

' produced 32? Trichoptera m=? (mostly Glossosoma Sp.),

considerably more than the most dense populations found in

Yoho National Park (105 m~2),
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Chironomidae (midges).

The Dliptera are highly specialized two-winged flies,
including such common insects as houseflies, mosquitoes; midges,
craneflies, horseflies, hoverflies and botflies. In aguatic
communities of the Park, the most important. group. of Diptera,
from a numerical point of view, is the Chironomidae (Chironomids

or midges, see Plate 5).

Chironomid larvae are elongated, ¢ylindricsl, slender, énd
rénge from about 2 to 30 mm in length., They have a pair of prolegs
on both the first thoracic and last abdominal segments (Pennak
1953). Chironomid larvae are most abundant in the shallow water
areas of lakes, ponds, and streams favored by a heavy growth of
aquatic plants, Sandy bottoms are muech less suitable fqr chironomids
than soft mucky bottoms upon which mosf bottom dwelling species
depend for bullding their tubes. The herbivbrous and microphagous
habit is characteristic, as is the building of flimsy tubes of
organic detritus, algae, or small sand grains and silt. Such tubes
are lined with a silky substance of salivary secretion. Usually
the tubes are attached but in a very few species they are.

portable (Pennak 1953).

Feeding habits of chironomids differ widely. The Taﬁypodinae,
for examplé. are usually considered to be carnivorous (Pennék
.1953) but, whereas many species do attack and consume aquatic
invertebrates, probably very few are obligaﬁe 6arnivores (Cliver
1971), Some chironomid‘Species are leaf miners and ingest plant

tlissue whenever they extend thelr tubes, Sevefal species of
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Cricotopus feed entirely on the leaves of potomageton (Eerg

1950). Most chironomid larvae are microphagous, feeding on '
small plénts,_animals. and detritus., Most of the microphagous -
species can be placed in three noncarnivorous groups as defined

by Coffman (1967) in his study of species living in a stream.

"Thege groups are algal, detrital, and algal-detrital feeders,

Most of the Orthocladinae and Chironominae are elther algal or

algal-detrital feedérs'and only one genus (Cryptochironomus) is

classed as a detrital feeder, Most of the algal feeders feed

mainly on diatoms, The intestinal contents of several Diameéa

from an Amiskwi River tributary (site 115) were examined and

found to contain diatoms which presumably make up part of the
periphyton of that stream, Diatom species found were as follows:

Hannea arcus
Meridion circulare
Fragilaria sp.
Achnanthes sp.
Dlatoma hemale

Throughout the Family Chironomidae, diatoms ére one of the most
important sources of food. Brundin {1948) has suggésted that the

primitive habitat was rich in diatoms and that early chironomid

_efblution could have proceeded independently of other types of

plants (Oliver 1971),

Chironomid larvae are preyed upon by larger insects, fish,
end blrds, especlally those which are bottom feeders (Wirth and

Stone 1963),

Although dipterists are agreed on the higher taxonomic
categories, the classification of the chironomid larvae at the

speclies 1eve1'is confused and difficult, This situation is due
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chiefly to the fact that the differences between species are
sometimes relatively small and that there may be considerable
variation within a single speclies or genus (Pennak 1953), The
classification used in the present study is that presented by
Mason (1973) which incorporates feafures from Hamllton et =al,
(1969) and Roback (1971), Of the five subfamilies of Chironomidae,
four were found to have representatives in the Park as folloWs;
Subfamily Tanypodinae -predaceous species which do not
bulld cases but are sometimes found in cases of
other chironomid species, Most commonly found. in
lakes and ponds, .

Procladius
Fentaneura

Subfamily Chironomini -s subfamily with great variability.
of characters. Most members are found in weedy
areasg of lakes and ponds whlle a few specles are
found at great depths,

Chryptochironomus
Chlronomus
Tanytersus
Pseudochironomus
Phaenopsectra

Subfamily Diamesinae -characteristic of mountain brooks or
other swift streams where they live at the splash
line or on smooth rocky bottoms in the shallow
water of rapids (hygropetric environment).

Diamesa and Pseudodiamesa

Subfamily Orthocladinse -a large subfemily with many species
of diverse habits, Most often assoclated with '
macrophytes in lakes and ponds or slower moving
stresams,

Corynoneursa
Brillia
Eukiefferiella
Pgectrocladius
Cricotopus
Orthocladius

etrocnenusg

Fifteen chironomid specieg were found 1In dredge samples from

lakes in the Park, The chironomids made up an average of 76.3%
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of the total numbers of invertebrates collected in 1ake‘benth1c
samples (Table 14), For several lakes the number of chironomids
was over 1000 m~2 on the bottom (Table 13), The highest number

found was 14792 m~Z in Wapta Lake where two species (Procladius

sp. and Tanytarsus sp.) dominated the benthic fauna, Benthic

- chironomids in Wapta Lake were nearly 3 times the number found |

in the next highest lake (South Narao) at 5922 m~2,

Tanytarsus sp., the most common chironomid, was found in 19 

_of 22 lakes where benthic data are available (Table 31). This

specles formed a significant part of the total number of

| chironomids in these lakes where it frequently made up épprox-

imately 20-50% of the chironomids found {Table 32), Tanytarsus

sp. was found in lakes representing a very wide range of trophic
levels including the oligotrophic MeArthur, Oesa, and Upper
Opabin lakes as well as the relatively eutrophic Ottertail Flats,

Duchesnay, Sink, and Summit lakes.

Procladius sp., the second most common chironomid, was found

in 15 of 22 lakes where it frequently constituted an 1mportant.
fraction of the total number of chironomids present {Table 31).
The lake benthic samples which did not contain Procladius were

a2ll very oligotrophic in nature and of generally low productivity'
(Table 31)., Highest numbers of Procladius were found in Wapta

Lake (6483 m'z) and North Warao Lake (435 ﬁ'z). |

In addition to those species already mentioned Phaenopsectra,

Chironomus, Pgectrocladius, Cricotopus, and Pentaneura were also

common, Lake QO'Hara had the most diverse species composltion
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with 11 different chironomids being found there. The heavy

sampling schedule for this lake no doubt contributed to the

1arge number of specles found (Table 31). A second factor may

be the enrichment of the small bayladjacent to the Lake O'Hara

Lodge which widened the range of habltat types availlable, Cther °
lakes with high numbérs of chironomid species were the comparatively
eutrophlc North Narao{ Sink, and Summit lakes, each ﬁiﬁh 8 species

(Tableljl).

In shoreline samples the chironomid species collected

generally reflected the species collected in the benthic samples

(Table 33)., Tanytarsus sb. was found in 2 of the lakes where it
was absent from benthic sémples leaving only Lower Opabin Pond

{site 154) without this species,

Schultz {(1953) reported values for benthic chironomid numbers
In several lakes in the Park, A comparison with the present

data from the same lakes 1s given below:

Mean number of chironomids m-~2

Lake Schultz (1953) 'Present Teport
Emerald , 202 &48
MeArthur 0 1042
O'Hara , 4907 A S 2067

Ross - 3B70 3096
Sherbroocke 1806 o 9u7

Yoho . 1433 (no data)
Wapta 9696 14792

A similarity is seen in the data even though collected 20 years
apart, The absence of chironomids from lMecArthur Lake in the 1953
collections is most likely due to the single very deep (53 m)

dredge sample obtained by Schultz., Other differences in the data .
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may be considered minor and most likely due to differences in

sampiing site, time of year, or other factors.

.In stream kick samples the dominant types of chironomids
differed conslderably from those found in lakes (Table 34),

Euklefferiella, Metrocnemus, Diamesa, and Orthocladius dominated

the stream collections and were found at 28 18, 11, and 10 of
the 30 sites, respectively. The only species prominant in both

lakes and streams is Tanytarsus which was found at 11 stream

sites. Chironomids averaged 15.2% of the total number of
invertebrates collected at all stream sites with a range of

1.8-72.8% (Table 18), Euklefferiella sp. was the most common

stream chironomid being found at 28 stream sites and reached
very high numbers at two sites (115 and 133) where it numbered

66 and 945 m=2, respectively (Table 34).,

Analysis of the data presented by Robinson and Smith (19?4)"
indicates Diptera (mostly chironomids) made up about 197 of the
total number of invertebrates in streams tf relatively low
productivity while the more productive sites (eutrophic) averaged-
about 47% Diptera.IThe average figure of 15.2% chironomids for
YNP streams compares favorably with the streams 6? low_productiv-
ity examined by Robinson and Smith (1974). These authors did not
identify chironomlds beyond the family level so that no comparison‘

can be made of the specles present.

‘Analysis of the data presented by Anderson et al, (1972)
from WLNP streams indicates the chironomids make up about 22%

of the invertebrates present, Eleven species were found at
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stream sites in WINP including representatives of all the
common genera found in YNP streams with the exception of

Metrocnemus which was absent from WLNP collections,

Mlscellaneous Diptera.

In additlon to the Family Chironomidae several other

familles of Diptera were identified from samples from lakes and

streams in the Park, Although frequently found in low numbers,
. . these Diptera represent a large and diverse group of insects
lwhose adult stages are commonly known as flies, gnats, midges,
- and mosquitoes, With the exception of the mosgqulto larvae, the
:;3 ldentification of most aquatic diptera larié is quite difficult

below the'family level if not impossible, A short description

of the habits of each group and their occurrence in the Park

1s given below and in Tables 35, 36, and 37.

Tipulidae (craneflies),

The true craneflies, or Tipulldae, are a large and diverse
family whose worm-like larvae'were frequently found in stream
sanples, Aquatlc 6ranef1y'1arvae may be easily identified by
the spiracular disc (used for breathing) at the extreme
posterior end. The larvae exhibit a wide range of habitat
preferences: maﬁy are semi-aquatic and occur in damp sand,
organic mud, and wet mosses. The family has both carnivorous

and herbivorous repfesentatives (Pennak 1953),

Tipulid larvae were found at 20 stream sites where they
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Table 35. Summary of mean numbers m=2 of miscellaneous
Diptera collected in dredge samples from lakes
in Yoho National Park,

Species Site 8 10 13 16 17 18 23 24 47 48 b9

Unldentlfied pupae 21.5" 43,0 64,0 10.? 116.1
Tipulidae 10,7

- Chaedborus 21.5
Alluadomia : 6.4 32.0 , 21.5 12.9 47.3

Table 36, Summary of mean numbers n=2 of miscellaneous .
Diptera collected in 30 minute shoreline samples
from lekes in Yoho National Park,

Species Site 10 13 16 18 19 20 24 26 47 48 ug
Unidentified pupae 17 13 1 14 1 _ 1 2

Tipulidae , 3 13.9 b

Aedes 50 | 1

Chaeoborus 13

3 Alluadomia 1.5 0,5 E 1
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usually made up less than 2% of the total number of inverte-
brates present {Table 37). Only Ross Lake had tipulid larvae in
dredge samples while 3 lakes (Wapta, Emerald, and Sherbrooke)

had them in shoreline samples {Table 35 and 36).

Blepharoceridae (net-winged mideges).

The adults of this group of midges are mosquito-like insects
of moderate size, with ldng legs and broad wings. The aquatic
larvae are quite unigue in shape being flattened and composed
of seven_d;visions: the first consists of the fused head, thofax,
end first abdominal segment; the next five are abdominal
segments two to six; the last and smallest division includes
three abdominal segments. Each of the first six divisions hés a
. median ventral suckgr by which the larvae attaches 1ltself to

_rocks in streéﬁs. They frequent the bordars of streams where
they are thoﬁght to feed on smaller insects (Pennak 1953) or
algae (Wirth and Stone 1963). |

In the Park the net-winged midges are represented by the

genus Bibibcebhala which was collected at 9 stream sites (Table

37). Usuélly only one or two individuals were éollected 1n-e§ch
kick sample. All of the sites where they were collected are of
generally low elevation with the highest being Otto Creek at

1459 m,

_ Culicidae.

The Family Culicidae‘comprise a large group of Dipters
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Whichiis commpnly divided 1nto two Subfamilies, the Culicinae
and the Chaoborinae, the former including the true mosquitoes,
the latter the phantom midges. The aguatic larvae of mosqultoes
feed.on.algae, protozoa and bits of organic debris by means of
the filtering action of small mouth brushes, A few specles have
been observed gnawing on submerged surfaces or scraping the

periphyton from such objeots.

The agquatic larvae of Chaoborinae are called phantom larvae
because of their transpérency (see Plate 5). In a series of
laboratory experiments and field observations, Anderson and
Raasveldt (1974} found that Chaoborus commonly preyed upon
adults of small species of Diaptomus and the larval instars of
larger species of Diaptomus, They indicated the predatory habits
- of Chaoborusrma& have an effect on the distribﬁtion and abun-

dance of prey Spécies.

Aquatic mosquito larvae were collected at only two sites:
Mary Lake and Summit Lake (Table 36). In the timed shoreline

collections at Mary Lake a total of 50 Aedes of two specles were

‘collected, At Summit Lake a single Aedes hexodontus was collected

' in the shoreline survey,

Chaoborus brunskilll was collected only at Lower Opabin

Pond (site 13), In dredge samples from a depth of 1.2 m,

C. brunskillil were found to nuinber about 21,5 m'2 and a total

of 13 were collected in the 30 minute shoreline survey (Tables

35 and 36).
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Simuliidae (blackflies).

The Simuliidae are & small family of world-wide distribution
and includes those Diptera commonly called *"blackflles" or
"buffalo anats". Blackfly larvae are found in the shallows of
streams where the current is especlally swift. The caudal third
of the larvae is distinctly enlarged making them unique and
easily identified (Pemnak 1953). By means of a postefior sucker,
they attach to rocks with their heads polnted downstream, and
they strain the water for food particles using a pair of largé
mouth brushes (Wirth and Stone 1963). Plankton and organic

debris make up the majority of their diet (Pemnak 1953).

Simuliidae were collected at 18 stream sites (Table 37).
At most sites simuliids averaged less than 2.5 n-2 and were
most numerous at lower Cataract Brook (site 126) with 77.5 n=2e
Simuliids were absent from 2ll Kicking Horse Riverlsités but

were present in most of its tributarieé.

Heleidae (biting nmidges).

The Family Heleidae or biting midges (often called

"no see-ums") are blood sucking or. predaceous relatives of the

true midges. The immature stages of Heleldae are mostly aquatic.
their habitats ranging from fresh to salt water. The larvae of

most genera are elongate, eel-llke, legless, and llve as

predators and scavengers in sand or mud., In the Park this family

is represented by the genus Alluaudomyia which was collected in

both lakes and streams., Dredge samples from 5 iakes (Table 35)

produced moderate numbers of Alluaudomyla and it was found in
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the shoreline collections of one additionalllake (Table 36).
All of the iakes where thils species was found were of a
relatively eutrophic nafure. Two stream sites (Otterheéd River
and lower Cataract Brook} each produced only a single

Alluaudomyia in kick samples (Table 37).

Empididae {dance flies).

Adult empldids or dance flieé frequent molst habitats and
are predaceous on smaller insects. The wormlike larvae of thisg
fémily are found in streams where they prey upon other
1nvertebrates. In the Park, empidid larvae were found at 7
stream sites and were usually in very low numbers (Table 37).
Empidid larvae were not collected at any of the Kicking Horse,
Anmiskwi, or Yoho River sites but were present in most other

tributaries., A single speclmen was also collected in trawl

samples along the shoreline of Wapta Lake (Table 36).

Ephydridae (shore flies).

Adult Ephydridée, or "shore flies", inhabit moist environ-
ments where they are commonly seen walking about on'the'surfacej
of the mud or water, lapplng up or scraping off minute particles
of algae or diatoms which make up much of thelr food. Most of

the lar#ae are aquatic or seml-aquatic, and some of them live

"in or on the leaves and stems of aguatic plants (Wirth and Stone

1963). The aquatic larvae are wormlike and in most cases lack .
prolegs or other dlstingulshing structures (Johannsen 1935). In
the Park Ephydridae were collected at ? étream sites (Table 37),

Site 108 at the lower Ottertail River produced the most
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specimens with an average of 13 m™2, The other sites produced

only very low numbers of Ephydridae.

Tabanidae (horseflies).

The horseflies are a large family of worldfwide distributiqn,
The females of some species bite.severely, end many species aré
serlous pests, The wormlike aquatiq larvae are all predaceous
on soft-bodied invertebrates in the streams or ponds where they
live, Tabanid larvae (probably Tabanas sp.) were collected at
three stream sites (lower Beaverfoot Rlver, Otto Creek, and
upper Amiskwi River) where they were found in low numbers
(Table‘B?). The specles present in the Park is guite easily
diétinguished from other larval Diptera by the presence of

elongate pseudopods used for walking.

Eeﬁiptera (true'bugs).

The Hemiptera or "true bugs" comprise a number of Families,

three of 'whlch were represented in the Park,

Water Striders, Family Gerridae, are semi-aqﬁaﬁic 1ong—
legged heﬁipterans‘which may be found skating or leaping about
" on the surface film of‘ponds and streams. Water striders feed
vpon a varlety of crustacea and aguatic insects which they
‘cateh just below the surface (Pennak 1953); Gerrids are very
.agile and nove fapldly on the surface using the middle legs for
" propulsion while the front and hind legs act as balancers (Brooké
and Kelton 1967). Their agility does not permit easy capture

with the collection methods employed during the present study.
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Gerrls comatus was the only member of this family collected

in the park and was found only at South Narao Lake (Table 38}.
Very likely this species 1s more widespread than the collections
would indicate, but more suitable methods of collections are

required to define its distribution.

‘Water treaders, Family Mesovelidae, live on the surface
of water in ponds and lakes. They are ﬁery agile, foraging
on floating leaves and other vegetation, and are able to run
over the surface film (Brooks and Kelton 1967), Two gpecimens
of Kesovela sp. were collected in the slow moving lower reaches
of the Beaverfoot River (Table 38), As with the Gerridae these
Femliptera are difficult to collect with the methods employed

and thelr distribution may include cther areas of the Park,

Water boatmen, Family Corixidae, are mediun to small bugs,
usually lesé than 12 mm lonz. Corixids occur in the éhallows
.of ponds, lekes, and streams where they spend most of thelr time
on the bottom.‘ Most water boatmen are strong flliers and take
off easily from the sufface of the water, The food of corixids
conglsts of debris aﬁd a great variety of algae; Protozoa, and
small metazoa {Pennak 1953). AThey may also feed on small

~crustacea-(Andérson 1970a, 1970b). A single specimen of Sigara'

(Verﬁicorixa) alternata was collected in trawl samples fron

Summit Lake and four specimens of Arctocorixa sutills were

collected in trawl samples from Duchesnay Lake (Table 38).

Coléogﬁéra {(beetles).

The Coleoptera, or "beetles", form the 1argest_gfoup of insects



Table 38, Summary of the distribution of Hemiptera

in Yoho Wational Park

Site 104 18 uz ho

Specles Sample type K ) T

Sigara (yermicorixa)

alternata - - -
Arctocorisa sutilis - - 4
Gerrig comatus - 3 -

Meszovella sp. 2 - - -
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Table 39, Summary of the distribution of Coleoptera in lakes

of Yoho National Park,.

. Site No. EZ:‘ 9 10 13 1h_ 15 18 1923 __ 42 47 48
pecies Sample type 5 T 5 § T s 5 T 8§ § T D s B S5 T s & T
Agabus tristus 2 w045« = 1 6 = =20,5+« = = = - 0,5 - =
Hydroporus occidentalis- - - 1 + 227 + = « = = =~ =« - - e -
Hydroporus compertus - 4+ 1 & @ 1 = = = & = = 3 = - . = -
Hydroporus

griseostriatus - = 2 = e =1 = = - « = = 10 + - 2 +
Haliplus sp. a = m om e m m wm ow = F = = = - = 1 =
Dyticid larvae - «0e§ = = =« = = 1 = 4+ = - = “- = a =
Unidentified - = = = =] = & & = =253~ = - e . -

*D= dredge sample, numbers m~2
S= ghoreline sample, numbers collected
Te= trawl aample, (+)} indicates specles

in 30 minutes
present
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with about 2?0;000 species including many aquatlc ones.

Several species representing two-families of Coleoptera

(Falipidae and Dytiscidae) were collected in the Park (Tablel39).

Halivlus sp. (Kaliplidae) was collected 1n shoreline

samples'from Summit Lake and in trawl samples from South Narao
Lake, The'Family Balipldae is characterlized by having legs
mmodified for swimming. As a result swlmming 1is feeble and
conslists of alternate movements of the legs. Adult halipeds
are usnally found crawling about on and among masses of
. filamentous algae and other submerged vegetation in the shalloﬁsl
Apparently they feed chiefly on vegetation, although some |
investigators have observed them eating animal material

(Pennak 1953),

The remaining species of Coleoptera were all in the Family
Dytiscidae or “"predaceous diving beetles", Dytiscids usually
occur in shallow protected bays and small inlets of lakes and
ponds. The group ils exclusively carnivorous aad feed on all

- types of aqﬁafic metazoa, the larger specles commonly attacking

dragon‘fly nymphs, tadpoles, and small fish,

Ten lakes and ponds in the park were found to have one or

more dytiscid species (Table 39). The most common species

Wwas Agabus tristus which was found in 6 lakes, Most of the lakes
in which dytlscids were found were of a relatively oligotrophic
nature, The lower Opabin Ponds {sites 13 and 1M4), for example,

had three species each,

Odonata (dragonflies and damgelflies).
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adult Odonatae are frequently seen flying along the'shores
and over the waters of marshes, ponds, rivers, and lakes,
Dragonflies and damselflles differ in several important ways.
Damselflies are smaller, more slender and delicate, and slower
and more uncertain in flight. It 1is only the series of nymphal
stages, or nalads, which are aquatilc in both groups. Tﬁe nymphs
of damselflles differ from those of dragonflies In having caudal
tracheal gl1lls. All Odonata nymphs are carnivorous and feed
- chiefly on §ther aquatic insects, annelids, small crustacea,
and molluscs. Although large dragonfly nymphs may be 1nduced‘
to feed on small fish in the laboratory when normal food 1s
‘absent, 1t is doubtful whether they ever attack fish in the

normal environment (Pemnak 1953),

Odonata nymphs are commonly found in assoclatlon with
aquatic plants and the five 1akes in the Park which had Odonata
also had at least some shoreline macrophytes (Table 40).

Dragonfly nymphs (Sympetrum sp., Aeshna interrupta, A. palmata)

were present in five lakes while‘damselfly nymphs (Ischnura

perparva, Enallagma boreale) were present in three., In all

cases only a small number of these 1arge 1nsects were collected
in shoreline surveys with the largest nunber being found among

the macrophytes of Emerald Lake (Table 40),

Acarina (water mites),

7 The Order Acérina includes those elght~legged arthrbpods
usually termed "water mites"., Although the water mites are
found in élmost all types of freshwater habitats, they are

most abundant and characteristic of ponds and the littoral



Table 40, Summary of mean numbers of Odonata collected
in 30 minute shoreline samples from lakes
in Yoho National Park.

Species Site 18 19 26 48 49
Sympetrum sﬁ. : 1.0 - -~ - .1.0
Aeshna interrupta 0.5 — 4,0 - -
Aeshna palmata - 1,0 1.6 0.5 =
Isehnura perparva + - - - 1.0
Fnallagma boreale - - - 2.5 -

+= present 1in trawl sample
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region of lakes, especlally where there are quantities of rooted
aquatic vegetation. The great majority of water mites are |
carnivorous or parasitic, their food consisting chilefly of
entomostraca, small insects, verious kinds of worms, or host

tissues (Pennak 1953).

Species representing at least nine different genera were

" collected in streams and lakes of the Park. The most common
water mite in lakes was Lebertia sp. which was collected in
benthic samples from 6 lakes and in shoreline samples from 11
t1akes (Table 41 and 42), This specles reached 172 m~2 in
dredge samples from South Narao Lake while at the other lakes
1t numbered between 4,3 and 21.5 m=2., Other water mites
common in lakes included Arrenurus sp. and Limnesia sp. None
were collected from deep, high altitude lakes such as MecArthur,

Upper Opabin, and Oesa,

The dominant specles in streams was Sperchon sp. which
wag collected at 9 sites while Lebertia sp. Limnesia sp.,

Hygrobates sp., Hydrodoma sp., and an unidentified speclies

of the Family Orbatel were all collected in 3 or fewer sites.

Maximum numbers of Sperchon sp. were at upper Amj skwi River

2

where 15 m < were collected (Table 43),

Pelecypoda.

The Pelecypoda are a group of bivalve molluscs which live in
meny types of aquatic habitats. The most common small freshwater
clamg are in the Family Sphaeriidae which are often found in

great sbundance on some lake bottoms more than 30 meters below
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Table 41, Summary of mean numbers m~2 of Acarina in
benthic samples from lakes in Yoho National
Park,

Species Site 6 9 10 18 19 42 48 49

]

Lebertia sp., 21,5 6.4 172. 10.5 = 10.3 4,3
Arrenurus sp. - - = 10,5 64,5 10.5 = -
Limesia sp. h3.0 - - 21.5 21,5 = - -
Hygrobates sp, - - - - - 10,5 = -
Pionidae . = 3,0 6,4 - - - 10,3 =~

- Unidemtified . . 21,5 « - 10.5 - - 21,5

Table 42, Summary of mean numbers of Acarina collected
in-30 minute shoreline gamples from lakes in
Yoho National Park,

Species Site 9 10 14 18 19 20 22 23 24 42
Lebertia sp.' + + 6 + - + 1 1 + + +
Arrenuma Sp. - - - | - 1'5 - - - - - -
Limmesgla sp. - 3 - + 2 - - - - - +

Hygrobates sp. - = - - 3.5 - - - - -

Unionicola sp. - - - - - - - - - - +
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"Table 43, Summary of mean numbers m~2 of Acarina collected
in stream samples from Yoho National Park,

Species Site 110 111 116 117 118 121 125 127 128 129 130
Lebertia sp. 1.5 = - - 0,8 - 0.6 - - - -
Limesia sp. - - - - - - - - - - 2.5
Hygrobates sp - - - - - - - - - - 2,5
Hydrodoma sp, - - - - - - - - - - 0.8
Sperchon sp. - 0.8 2.515.0 0.8 1.0 - 6.6 3.3 11.5 4,1
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the surface,

Six speclies of the sphaerid genus Pigidium were collected
from 10 lakes and 1 stream site in the Park (Table 44). Due
to the difficulty of distinguishing live from dead 1ndividuals
the data on Pisidium spp. presented in Table 44 is not

quantitative, Pigidium conventus, P. ventricosum, and F.

11lljeborel- were the most widespread of the specles found,

Gastrogoda.

The gastropods (snalls) are molluscs with only a single
shell and are commenly found along the shoreline of lakes and
ponds, Three species were collected in the Park from 6 lakes
and 1 stream site (Table 44), The gastropods collected very
often made up the largest fraction of the blomass in shoreline

collections,
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Tahle 44, Summary of pelecypod and gastropod distribution
in Yoho National Park,

~ Pelecypoda

- Species site 8 9 10 17 18 19 20 42 47 49 126
_]hPisidium conventus + + - - + + + - - + +
Q-LPisidium ventricosum - + + - + + - + - + -
' Pisidium 111ljeborgi .- + - + + - - + o+ - -
'hPisidium casternatum « - - - - + -~ + - + -

érfisidium subtruncatur - - - - - - - - - + -
__ Pisidium nitidium - - - - - - + - - - - -

+*
(+) indicates species is present

Gastropoda
: *
] Site No, 17" __19 26 L2 48 49 126
Species Sample type 5 S D 3 8 D S S D K
.| Iymaea arctica - 15 231 25 3 - = 1 k2 3.3
 Gyralus parvus 20 - 4z - - 10,7 = = - -
i Physa gyrina - - - 2 - - i - - -

*Dn dredge sample, numbers m=2
S= shoreline sample, numbers collected in 30 minutes

et




ZOOPLANKTON

Introduction

“Plankton® and related terms do not always convey clear
meanings bacause, llke many other general terms in sciénce, they
have been deflined in different ways by different workefs.
Hutchinson (1967) has provided what have been accepted wldely in
North America as satisfactory definitions. The original Qeflnition
of plankton included "all particulate organogenic material, living
or dead" which drifts passively in the water. Seston is the .term
usually used now to describe this total material, according to

the followlng scHeme:

non-living living total particulate
: matter
abiozseston
or + bioseston = serton
tripton C -
b
allochthonous -nekton
_ or 5, T+ ,
auntochthonous”™* plankton
particulate .
matter

In the strict sense, the plankton includes only-nbn-motile forms,

but in the general. sense lncludes all living forms not able to

. swim strongly enough o be independent of turbulent movements of

the weter. Forms completely independent of the waters turbulence
are referred collectively as nekton. Also in the strict sense,
plankton refers to the drifting forms in the open-water'or limnetic
zone of lakes (= the pelagic zone of the ooean, although this term
1s often used now for lakes as well). In practice, however, the

N

1. Arising outside the blotope (lake or pond, 1n this case)
under consideration. :

2. Arising within the blotope (lake or pond, in this case)
under. consideration.



accidental migrants from benthic (bottom) communities or

from littoral (1nshore) communities are often 1n61uded with
the plankton. There are special terms for these other gféups,
but they need not be dlscussed here. Pond plankton, in
theory, 1s not true plankton, but for the sake of simplicity
in *this study all forms collected with a plankton net will be
referred to as_plankton, the animal forms as zooplankton and
the plant forms as phxtdglankton. The phytoplankton will be

further divided into two groups: the net phytoplankton (or

net; the nanophytoplankton as the algae too small to be

collected by the net (algae usually less than 0.06 mm in
greatest dimension). The former group will be treated in
this section; the latter group will be dealt with in more

detall in a subsequent sectlion. To be treated satisfactorily

~and in sufficient detaill, the nanophytoplankton requires

speclal preparation technliques and lnvolves many difficult

taxonomic problems. It is a group which has been given

ISpecialized treatment in the study area covered in this reﬁort.

partly because it 1s poorly known, and'partly because the
species involved are often lmportant lndicators of water

quality.

Thirty-nine lakes and ponds were Sampled a total
of 93 times in this study; 10 samplings in 1974, 27 in 1973,
6 in 1972, 9 in 1971, 12 in 1970, 11 in 1969, 5 in 1968, and
13 in 1966. Altogether,iZ waters were studied 8 times, one.

7 times, two 6 *times, 2 waters were studied 4 times, 5 were

F=2

microphytoplankton) as the small algae collected in the plankton



studied 3 times, 8 twice, and 19 only once. The latter group

included some of the most remote alpine and subalpine lakes.

In most 1akes,'piankton samples were collected from the upper

and lower water layers near the lake centre at one or more

locations, and additional samples were collected from inshore

in most lakes.

samples willl be treated collectively.

For inventory and check~list purposes, these

Further treatment of

some of the dlstributional data has been preéentgd elsewhere

in a general review of zooplankton communlties in lakes in

F-3

southwestern Albérta and southeastern British Columbia (Anderson

19744,

In many earlier studies of this sort ir western Canada,

as well as elsewhere, specles lists were drawn up with no

indicatlion of the relative or total abundance of each Species

present.
include maximum zooplankton counts per unit volume and relative

abundances of Species present.

Therefore, efforts have been made in this report to

The relative abundance of

organisms in the plankton net samples 1s indicated according

to the following numerical scheme:

Number used to
indlcate rela«~

1

2
3
4
5
6

tive abundance

{not encoun-~
tered in Yoho
study)

Approximate

Deseription of

relative numbers Of'animals

abundance per litre
one to very few per £ 0.1

sample :
few 0.1 - 1.0
Several 1.0 - 10
many 10 -~ 100 .
very abundant 100 - 1000
extremely abundant

» 1000
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Eecause numbers of small 6rganisms vary a great'deal spatially,
seasonally, and from year to year, relative numbters are often
just as useful as precise numbers. The principal fault with

the scheme 1s that all samples do not represent the plankton-
net—filtration of the same volume of water, and fhat cloggling
oceurs to di?ferent degrees in different waters; Cohversion

of net samples to standard volumes was done accoarding to methods
described elsewhere (Anderson 1970e), but which assumes a
general filtering efficiency of 20% for the type of net used

in the study.

In general, the species composition of a zooplankton
community reflects the presence or absence of predatqrs, and
the size and feedlng habits of the predators when they are
present {Anderson 1970f, 1972 , Anderson and Raasveldt 19?4;.

‘Brooks 1968; Brooks and Dodson 1965; Beavers and Stavn 1975;

Dodson 1970;1974 : Galbraith 1967, 1975; Northcote and Clerotto
1975). 1In aquatic_envlrbnments made more complex by the |
extenslve presence of macrophytes, large littoral zones, long
growing seésons and warm temperatures; and dlrerse and abundénf
predator specles, the effects of predatoré on z00plankfon

diversity are not so easy to interpret. Most of the lakes and

| ponds in Yoho National Park are relatively cold, have fairly

' short growing seasons, and do not have distinctly different

winter communities as opposed to summer communities. Therefore,

' the probable effects of predators on the zooplarkton are

somewhat easier to assess.



The standing crop of zooplankton has teen used on
occasion as an indicator of the potential fisheries produdtivity
of lakes and ponds, whether or not the zooplankters present are
fed on directly by the fish or not, the rationale being
somewhat the same as that used by the farmer who declares
that é field which prodﬁces 2 good crop of weeds ought also

under sultable conditions to produce a good crop of grain. In

- order to get a'complete and very accurate plcture of zooplankton

production and standing crop, more detailed studles fhan were
done here must be carried out. For example, 1ife cycles,
generation times, Wet-weight/dry-weight ratios, calorimetric
evaluatlons, individual body size determinaﬁions and so on all
requife detalled work at frequent‘intervéls cver one or more
seasons. Because such detalled investigations could not be
included in a generallstudy such as the Yoho National Park
aquatic survey, results of studies conducted elsewhere have

been applied'tc some of the Yoho results in order to make

" predlctions about potential production. Although it 1s always

risky to apply results from elsewhere indiscriminately, the

Yoho 1ake.commﬁn1t1es were relatively uncomplicated, minimizing

. potential errors from the application of data from other studies.

Methods

o Nét ﬁlankton éamplés were collected with a 25?cﬁ diametef'
conical plankton net:(mean aperture dimension approx. 65-70 microns)
towed . approximately 0.5 metres/second. Multiple vertical tows
were made from bottom to surface énd from half maximum depth
or 5 m (ﬁhichever was less) to surface at the deepest part of

each lake (in larger lakes two or more sltes were sSometimes



sampled ). Limnetic samples were supplemented with littoral
(near-shore) samples collected with a hand net or a small
plankton net tossed from shore. Identification was accqmplished
with the use of a Wild M-20 compound microsccpe. Principal
keys used were those of Wilson, Brooks, Edmondson, and Yeatman
7'(13 Edmondson 1959). Enumeration was done with a Wild M4A
dissecting microscope. In nearly all cases the entire saﬁples
were counted. Details of conversion factors for quantltative
estimates of productlon are indicated in the prouductivity

discussion of this section of the report.

Diversity and Frequency of Occurrence of gggplankfon Species

The zooplankton specles occurring in the 39 Yoho
National Park lakes and ponds of thils study are éﬁmmarized in -
‘Tables 45 and 46. In these tables, the frequency of occurrernce
of the species is also indlcated as 1s a consideration of
the frequency of occurrence of the same specles in two other .
studies: 1.e. Waterton Lakes National Park (Anderson et al.
1972) and 340 lakes 1n southwestern Alberta and southeastern
ABritish Columbla (Anderson 1974a). These tables do not take
into aceount the faet that some species are mnecn more abundant
than others, and that many are extfemely sparsely represented.
Some of the more common Species are pictured in Plates 1 to 5.
The following annotated list includes some of the ecological and
morphological features of the most commonly occurring specles.
There are discrepancies in some of the taxonomic categories

'used in various texts as they apply to the followlng groups
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Table 45. Crustacean plankton specles occurring in 3 Yoho National
Park lakes, with comparisons to two other studies of lakes
in Alberta and British Columbia.

in study (except phyllopods)
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Diaptomus arcticus Marsh 1920 16 4b1.0 8 18.2 124 36.5
Diaptomus tyrrelli Poppe 1888 7 17.9 5 11.4 68 20.0
Orthocyclops modestus (Herrick) 1883 3 7e7 0 0 14 b.1
Macrocyclops albi?us (guréng) 1820 6 15.4 io0 Zgoz 43 12.6
Eucxcloys agilis (Koch) 183 9 23.1 17 38. 55 16.2
Acanthocyclops vernalis Fischer 1853 19 48.7 28 63.6 179 52.6
Diacyclops bicuspidatus thomasi 2 5.1 20 Lks,5 93 27 4
S.A. Forbes 1532
Polxghemus ediculus (Linne) 1761 4 10.3 3 6.8 49 14,4
Sida crystaliina (O.F. Miller) 1776 3 7.7 1 2.3 7 2.1
Holopedium glbberum Zaddach 1855 1 2.6 5 11.4 20 5.9
Furycercus lamellatus(0.F. Miller)1785 2 5e1 2 4.6 13 3.8
Acroperus harpae Balrd 1843 1 2.6 2 4.6 9 2.7
Alona guttata Sars 1862 2 5.1 13 29.6 37 10.9
‘Alona affinis (Leydig) 1860 1 2.6 4 9.1 16 b.7
Alona rectangula Sars 1861 2 5.1 2 h.6 13 3.8
Alonella excisa (Fischer) 1854 1 2.6 -1 243 7 2.1
Chydorus sphaericus(0.F. Muller) 1785 19 48.7 23 52.3 174 51.2
Daphnia m;ddendorffiana Fischer 1851 4 10.3 4 9,1 55 16.2
Daphnia pulex Leydig 1860, ‘emend . 5 12.8 5 11.4 61 17.9
Richard 1896 8 : ) é : ’ : ¢
Daphnia pulicaria Forbes 1893, 1 6 1 2¢3 ig 5.
"~ emend. Broadek 1959 : :
Daphnia catawba Coker 1926 1 2.6 0 0 10 2.9
 Simocephalus yetulus Schoedler 1858 2 501 9 20.5 28 8.2
% Simocephailus serrulatus (Koch) 1841 1 2.6 1 243 1 0¢3
Scapholeberis kingl Sars 1903 - L) 10.3 2 Bob6 26 76
Cerlodaphnia affinls Lilljeborg 1900 4 10.3 10 22.7 26 726
Bosmine longirostris(0.F. Miller)1785 1 2.6 17 38.6 80 235
Total no. lake occurrences, all
crustacean plankton species 12l - 313 - 1227 -
Mean no. crustacean plankton speciles _ 3.1 7.1 6
per lake (eXcept phyllopods) ° - * - 3.
Total no. crustacean plankton specles 26 - i - 82 -
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Table 46. Planktonic rotifer species occurring in 39 Yoho National
: Park lakes, with comparisons to occurrences in Waterton
f? Lakes Natlonal Park, Alberta.
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Polyarthra vulgaris Carlin 1943 12 30.8 27 61 .4
Filinia longiseta (Ehrenberg) 1843 1 2.6 1 2.2

Kellicottla longispina (Kellicott 1879) 10 25.6 9 - 20.5

Keratella cochlearis (Gosse 1851 ) 13 33.3 22 50.0
- Keratella gusdratse (Miller 1786) 9 23,1 22 5040
"5 - Notholca acuminata (Ehrenberg 1832) 4 10.3 5 11.4
U Asplanchna priodonta Gosse 1850 1 2.6 15  341
f Brachionus sp. 2 5.1 8 18.2
- Légadella ovalis (Miller 1786) 3 7.7 5. 11 .4
;i_-'_ Lecane elasma (?) Harring & Myers-lgzé 1 2.6 0 0
Monostylg lunarils (Ehrenberg 1832) 1 2.6 & 13.6 
¢ Synchaeta oblonga Ehrenberg 1832 L 10.3 18 .40.9
2 ; ' Total no. lake occurrences, all
B rotifer species 61 - 185 -
; ﬁean no.lrotifer species per lake - 1.6 - 4.2
Total no. rotifer species oceurring ‘ '
in the study ' : iz - . 28 -




(eegs Copepoda as an Order in some; as a Subclags in others).

Here, the system in Edmondson (1959) is used.

NET ZOOPLANKTON: Annotated List

Phylum Arthropoda (the arthropods = joint-footed animals)
Class Crustacea (the crustaceans)
Order Copepoda (the copepods)

Suborder Calanoida (the calanold copepods)

Diaptomus arcticus ~ The largest of the copepods in the
study area (up to 3 mm); dark red. Oceurs in ponds and
lakes, but uncommon when fish present, unless lake deep
or water siity. A voraclous predator on smaller crust-
acean plankters, rotifers, and 1lts own young, but can
subslst on periphyton and other algze. Normally one
generation per year (Apr. to Nov.); usually one olutch
of eggs per female; males to females approx. 1l:1;
overwinter in egg stage.

Digptomus tyrrelli - Small, red copepod (usually<1l.5 mm).
Occurs in ponds and lakes, but uncommon with predaceous
Diaptomus arcticus unless the latter specles sparse,
‘and uncommon when predaceous cyclopold copepods very
abundant. Too small for most "trout" specles to feed

i _ ~ on. A filter feeder (or “grazer"), or feeds on peri-
phyton. Usually one generation per year (Apr. to Nov.);:
7 : usually one clutcheggs per female; males to females
: approx 1:1; overwlnters in egg stags.
Suborder Cyclopoida (the cyelopoid c0pepods)
Orthoeyclops modestus - Moderately-slzed cyclopoid (up
: ‘ to 1.5 mm); usvally colorless. Often confined to deep
o ' B : waters of larger lakes and pogsibly missed in some
' routine sampling programs. Probably predaceous.

L Little known of life history (see also Morry 1973).
s ' ‘ Macrocyclops albidus - Largest of the cyclopoids in the

. study area (about 2 mm); usually light grey to dull pink
£ ' in color. Most common in shallow, weedy lakes; less

abundant when fish present. Voracious predator on
smaller crustaceans. Probably 2 or 3 generations per
year in warmer lakes of study area; several clutches
per female; females usually more common than malesg; over-
= - winters as encysted sub-adult.
: _ Eucyclops agllis - Moderately large cyclopoid (up to 1.5
: mm); usually rather dark in color. Common to shallow
and /or weedy lakes and ponds or inshore reglons of
larger lakes. A "“grazer"; probably feeds largely on
_ periphyton. Reproduction and overwintering much as in
L : M. albidus.
- Acanthocyclops vernalis - Moderately large cyclopold (up
. to 1.7 mmi; usually colorless or pirk in color. Common
L in temporary ponds or cold lakes, scmetlmes as a winter
€ : _ ' specles. Uncommon if large predaceous Diaptomus specles
‘ present or large numbers of Diacyclops bicuspidatus
£ . thomasi. Generally predaceous, but not so voracious
as D.be.thomasi. One to three generations per year in
these lakes; males to females usually 1:1; possibly
several egg clutches per female; encysts as sub-adult.
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Dlacyclops blcuspidatus thomasi - Smallest cyclopoid
species of the study area (up to 1.2 mm); usually
colorless, but can be pink if certain ey species
present., Common to larger lakes, especially those
with fish, but not widespread in Yoho area. Uncommon -
1f large predaceous Diaptomus spp. established in lake.
Intermediate host for Trigencohorus (parasites of fish).
Voracious predators capable of eating prey larger
than themselves. One or two generations per year in
cold lakes; possibly two or more clutches per female;
males often less abundant than females; encyst as
sub-adults, although encystment not obligatory in lakes.

Order Cladocera (the water fleas)

Polyphemus pediculus - Small cladoceran characterized by
unusually large, red compound eye; dody colorless.

Most common in small, warm, weedy ponds and shallow
lakes. Purported to be a predator. Often several genere
atlons per year; females retaln eggs in brood pouch

(as do most cladocerans to follow); females usually
much more abundant than males.

Holopedium gibberum -~ Moderate-sized cladoceran, usually
limnetic 1in larger lakes, although found in a pond in
thls study; animal enclosed in a transparent, sphaerical
gelatinous case; swims on 1ts "back™; embryos retained
in brood pouch.

Alona spp. and Alonella sp. = Very small cladoceran specles;
not usually very abundant in lakes of the study area
and more often found 1n weedy ponds or littoral (in-.
shore) regions. )

Chydorus sphaericus - A cosmopolitan specles found every-
where, although infrequently in large numbers; rather
Sphaerical in shape and up to 0.5 mm in diameter;
usually light yellow; rarely abundant in limnetic (open-
water) zone, but frequently occurs there in Small
numbers; most common in small lakes and ponds.

Daphnla middendorffiana - A large daphnid or "water flea®
iup to 3.5 mm) usually restricted to high altitude or
high latitude (arctic) lakes; often darkly pigmented
and therefore easily eradicated by #ish. Usually one
to three generations per year in cold water; females
usually reproduce parthenogenetically (asexually);
males extremely uncommon. :

Daphnia pulex - Similar to D. middendorffiana, but no

~plgment and, therefore, often co-ocour with fish specles.
Males not uncommon in warmer waters, but may occur only
rarely 1n colder waters. Usually produce two or more
broods parthenogenetically in the first part of the
Season, - and produce resistant, over-wintering eggs
(ephippia) sexually late in the season.

Daphnia pulicaria - General features simlar to D. pulex,
although often somewhat larger. General taxonomy of
D. pulex, D. pulicaria, D. schoedleri, and possibly
D. catawba and D. middendorffiana in a Somewhat cone
fused state. Difficult to breed in laboratory because
of parthenogenetic reproductlon, and morphologically
confusing because of plasticlity of the general Eroupe.
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Daphnia catawba ~ Generally similar:to‘D+ ‘pulex and D.
ulicaria, but smaller; maln taxonomie difference Tis
In post-abdominal claw.

Simocephalus spp. - Large-bodied cladocerans (up to 3 mm),
usually 1light yellow to colorless; poor swimmers; most
common in weedy margins of lakes and in ponds; seldom
abundant; the two specles oceurring in the general .
vieinity of the study area (S. vetulus and S. serrulatus)
not uncommonly co-occur.

Scapholeberig kingl - Small (£ 1 mm); usually dark (often
black) in color; most commonly occurring in littoral
(inshore) regions of lakes or in ponds, usually near
surface.,

Ceriodaphnia affinis -~ Usually small (£ 1 mm); colorless;
may occur in small lakes and permanent ponds; uncommonly
abundant when large cladoceran competlitors or predaceous
Diaptomus spp. present; each female may produce Several
small broods; posslibly several generatlons per year.

Bosmina longirostrls ~ One of the smallest planktonic
cladocerans (usually< 0.35 mm}; colcrless; usually
restricted to larger lakes; not cummonly abundant in
presence of larger cladocerans or predaceous copepods,
but often very abundant in presence of fish; each female
may produce several small broods, and there may be
several generations per year, depending on the temp=-
erature of the lake.

Order Ostracoda (the ostracodes)
Small, bivalved crustaceans outwardly resembling very
smell clams. Not usually present in plankton, but may
swim near bottom. Infrequently encountered in this
studye. Two records and ldentifications follow:
Cyclocypris laevis (Muller) 1776. Duzhesnay L., 12-VIII-
70 (sample no. 70165).

Cyclocypris globosa {Sars) 1863. South Narao L.,
0-VIi-70 (sample no. 70116).

Subelass Malacostraca (of Class Crustacea)
Crder Mysldacesae ‘

Mysis relicta Lovén - "Opposum shrimp"; usually’ regarded
as the most "primitive" (evolutlionary-wise) of the
orders of Malacostraca. Adult female characterized by
development of brood pouch (or marsuplum) where young
are retalned untll falrly well developed -~ hence, the
name opposum shrimp. Usually restricted to deep, cold,
oligotrophic, pro~-glaeclal lakes, and commonly conslidered
a glacial "relict". HRemalns near bottom during the
day, but becomes planktonic at night when it may feed
extensively on zooplankton. Frequently introduced into

potentially suitable lskes as a forage organism for .
fish, although the ecologlcal impact of such transplants
was lnadequately studied before such transplants had
become falrly common.

Order Amphipoda (the amphipods) -

Gammarus lacustris Sars. Common amphipod or scud; often
one of many species simply referrad to as "freshwater
shrimp". Very common in shallow, weedy lakes in many
parts of the world, and not uncommon in margins of many
lakes; occaslionally occurs at considerahble depths. Not

H
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usually planktonic, but may occur commonly in plankton
when fish absent. Although commonly referred to as
detritivores or omnivores, appear to be important as
predators in certsain lakes (Anderson and Raasveldt 1974).
When abundant, Gammarus may exhibit a constderable
controlling influence over the abundance and diversity
of other planktonle Crustacea.

L Class Insecta (of Phylum Arthropoda) - the insects.
oo Order Diptera (two-winged insects)
Family Culicidae (the mosquitos and their relatives)
Chaoborus brunskilll Saether - The larval stage of this
non-biting mosquito is usually callsd a "“phantom midge"
because it 1s essentially transparent in the water.
More common in euntrophlce lakes and ponds, but not
restricted to them. May be reduced in numbers by
Gammarus or fish predation. Usually benthic by day and
planktonie by night, but like Gammarus may remain
planktoniec by day if no fish present. Voracious
predators on smaller zooplankters and may have a con=-
siderable effect on the constitution of the zooplankton
community (Anderson and Raasveldt 1¢74). Apparently
not predaceous on Holopedium gibberim, possibly because
of the gelatinous case. The only occurrence of Chaoborus
of consequence in this study was in Opabin Pond lake

; 72 no. 11) with Holopedium gibberum.

Phylum Platyhelminthes (the flatworms)
Class Turbellaria
Order Trilcladida () ‘) (

_ Polycelils coronata (7)(Girard) - A small triclad (often

. called a "planarian") most common in clear streams 1in

' o the study area, but can occur on rocky shoreHne areas
-of mountain lakes. Not normally planktonic, but
occasionally occurs in plankton samrles as do somewhat

v : distantly related flatworms, such as Mesostoms ehren-

i : : - bergil and M. arcticum. Speclfic identification of

this group is virtually lmpossible without detailed serial -

sectlioned preparations of embedded, sexually mature

Specimens. Probably feeds of damaged insect larvae

and damaged copepods. The only lake in which Polycelis

. found in this study was Indigo Lake {(no. 6i).

“ . 7 Phylum Protozva (one~celled animals)
‘ Class Sarcodina
Order Testacealobosa (Testicida) '

Difflugls spp. = The "shelled"amoebae. ILlke a common
Amoeba, but with a vase-shaped "shell™ composed of
mineral particles secreted by the cell. BEats small
organic partlcles and possibly small organisms by
ingestion. Not truly planktonic, btut nay occur in
plankton of some lakes at time of spring or fall overe
turn. Found in Indilgo Lake (no. 61).

G L
iy

Phylum Rotifera - the rotifers, or "wheel animalcules", so-called
_ ' because of the ciliated trochal disc in the "head"
L. S used for locomotion and food gathering. Viewed
L under the mleroscope, the beating cilia resemble
- Small wheels rotating. Mostly microscopic (48
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microns to 2 mm)§ wormlike in basic structure

consisting usually of head, trunk, and *oot';

lacking a true body cavity; most tissues lack

distinct cells (syncytial tissues); males usually

dwarf andquite different from females; some specles

colonial but most true planktonic specles solitary.

Most species are filter feeders adapted to taking

in very small particles in the size range of

bacteria and very small nanornytoplankton; a few

predaceous specles; color closely associated with

foods Life span usuwally 1C to 15 days, but may

be longer in cold waters. Reproduction by eggs

or living young; depending on species and tinme

of life cycle, diploid (asexual) or haploid

- : (sexual) eggs produced; both summer and over-

L ‘ wintering (resting or dormant) eggs may be pro-

Ll - duced. Many specles rather cosmopolitan in

occurrence.
I Order Pliona
o Polxarthra vulgaris - Planktonic; characterized by long,
feathered” paddle-like appendages for swimming; lacking

the "foot"; usually restricted to well-oxygenated waters.

Kellicottla longispina - Loricate; lorica with one long
caudal splne and 6 long to short anterior spines; spines
usually longer in colder water; more common in large
oligotrophic lakes. Foot absent.

Keratella coghlearis - Strongly loricate; é snterior splnes
and 1 posterior (caudal) spine; foot absent; common to

oo but not restricted to stagnant waters; candal spine

g usually longer and development much slower in cold

. Waters..
£ : Keratella quadrata - Similar to K. gochlearis, but with

_ two caudal spines; usually in permanent lakes, and often
b o _ more common in deeper water layers in lakes of this
study area; usually restricted to oligotrophlec lakes. _
Asplanchna priodonta ~ Illoricate, sac-like, and transparent;
. : _ foot absent; largest of rotifers in study area; usually
' ' ' perennlial in open waters of lakes and ponds; probably
b _ predaceous on smaller rotifer specles andmay feed as
- well on early instars of crustaceans; great variation
in abundance in general study area from one year to
' another.
; Synchaeta oblonga ~ Illoricate, sac~llke; reduced foot;
L _ may be predaceous on very sSmall forns; males rare;
mainly pelagic in epilimnion (upper layers of open
water) of permanent lakes. :
Order Flosculariacea
Filinia longiseta - Illoricate; two anterior and one
posterior “bristles"™; foot absent; usually pelagic
in epilimnion of permanent lakes; sometimes in
bracklsh waters.

NET PHYTOPLANKTON

Division Pyrrhophyta -
Class Dinophyceae ~ the armored dinoflagellate
- Order Peridiniales _ o S
Ceratium hirundinelila - One of the largest dinoflagellates,
usually 100 to %00 microns {about the size of small
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rotifers}; plates extended into long, horn-like
processes (usually 3 posterior and one anterior);
especlally common in hardwater lakes, but may also
be temperature dependent; capable of forming dense
bloons if nutrient conditions suitable.

Pivision Chlorophyta
Class Chlorophycesae
Order Volvocales .
Volvox spps. = Sphaerical, free~swimming colonies of 500
to several thousand cells; cells arranged in periphery

£ of mucllaginous globe; "daughter®™ colonies form
a2 ‘Inside parent colony. Not uncommon in plankton of
hardwater lakes and ponds, but often restricted to
warm waters with falrly high niltrate concentrations;
can form blooms.

Ceratium and Volvox are actually large, motile, net phyto-
_ plankters. Thelr occurrences were often sporadic in this
L area; they may occur once out of several jyears in mountain
lakes {(see Table 51). Although large br comparison to
nanophytoplankton, in terms of biomass they are small
compared to the crustaceans, or even the rotifers.
Consequently, they are not considered in any more detall
in this section.

In Table 47, a general comparison of diversity of
£ Yoho Natlonal Park zooplankton to that of other areas and all
s - - of North America 1s glven. The most comparable study cited is
" that of Waterton Lakes National Park (Anderson ¢t al. 1972)
where 44 lakes and ponds were studied. The greater altitudinal .
and size differences in the lakes of Waterton Lakes National
.Park are probably the main factors responsible for the greater
o zooplankton diversity in that park. Perhaps one of the more
e - striking differences between the Yoho study and others in the
general vicinity 1s the total absence of phyllopods (especially
Adnostraca, or fairy shrimps-—see Plates 1 to5) in Yoho waters.
Although they may yet turn up 1n samples from some of the ponds

or smaller lakes, it may be that waters suitably free of poténtial

predators are too cold and growing seasons too short for them to
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Table 47. Comparison of species diversity of Yoho National Park
‘ zooplankton to specles diversity in nearby study areas
and elsewhere in North America.
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39 lakes and ponds, Yoho National
.. Park (this study) 26 7 2 5 19 0 0
L 44 lakes and ponds, Waterton Lakes ,
. National Park (Auderson et al.1972) 90 20 17 32 5 3
. . 340 lakes and ponds in southern | .
' Alberta and southeastern British ok 32 21 9 50 12 9
Columbla {Anderson 1974a) '
’ Known Alberta specles of Anostraca _ _ - - 14
. (Hartland-Rowe 1965, and personal = =
0 communication)
) Known Saskatchewan specles of - _' 25 _ - - _
S calanoid copepods (Wilson 1958; :
i . Anderson 19704, 1971b)"
= ‘ Known Ontario speclies of Cladocera _ _ _ _ 80 _ _
i; (1972 - C.H. Fernando, personal
- ‘communication) '
E Listed species of planktonic®’ 13 218b' 80 56 130' 65 3

¢¢ - crustaceans for North America
' (various keys, Edmondson 1959)

a. Phyllopods include the Anostraca {falry shrimps),jNotostraca (tadpole
- _ shrimps), and Conchostraca (clam shrimps), all mostfrequently
' characteristio-of temporary or astatic waters.

b. Includes 82 harpacticold specles, most of which are not truly
planktonic.

ce In the sense of occurring frequently or sporadically in
' plankton net samples.
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survive. Falry shrimps are unable to withstand predation from

fish er predaceous amphipods. Harpacticold copepods were also:
missing from the Yoho samples; however, they are very sSmall,
bottom-dwelling species and they may have been anissed easily,
especially if they are only sparsely represented.

: Of,the crustacean plankton specles known to occur

: within about 200 to 300 km of Yocho Natlonal Park (Anderson 19745),
only slightly more than % of them occur in Yoho. All of the

Yoho species except Simocephalug Serrulatus were among the most

common Specles in the 340-lske study. In additlon to the

missing Anostraca (fairy shrimps), eight other most-common
Specles 1n.the'1arger study were absent from Yoho, although some

T may turn up 1n small numbers in future studies:

Diap*tomus shoshone Alonella nana

Dlaptomus leptopus Daphnia rosea

Diaptomus gicilis Daphnia schoedlerl.

Diaptomus nudus Ceriodaphnia quadrangula
l.

Of the 121 specles occurrences for crustacean plankten,Species,
only 32 were at an abundance level of 3 or 4 (e.l. one to 100
‘Andivid/litre, see Intfoduction of this section) and there were .
no 5's or é6's (i.e. more than 100/11tre). Of the 61 lake

| 5 - occurrences for rotifer species, only 8 were at an abundance

g level of 4 or 5 (l.e. ten to 1000 individ./litre, relatively

| lees abundant than crustaceans, taken on a biomass basis). So,
it can be seen that the diversity of zooplankton forms is not
only impoverished in Yoho National Park waters, ut that many

i - of the species that do occur are rather rare. The mean number .

o 1. "Species occurrence" = one lake where a spenies occurs.
'S Therefore, 3 different specles occurring in each of 6 different
: lakes would be 18 species occurrences.
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Table 48, Breakdown of zooplankton specles diversity in 39 lakes of
Yoho Natlonal Park, and mean numbers of certain groups
per leke. ‘ .
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ce 61 Indigo o011 0 0 1 17 Ross 4 3 01 2 7
» 35 Otto 0 1 1 0 0 1 19 ©No. Narao 2 8 0.2 & 10
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= 15 Opabin 1 0 2 1 0 1 2 23 Up. Morning .
' : 154 Opabin 5 0 1 1 0 0 1 ' Glory. 1 2 o 1 1 3
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? Schaffer & 3 1 12 1 7 Mean no./lake 1.6 31 0.6 1 1.5 4.7

? = questionable very low density occurrences.




Table 49.

No. speciles in

Frequency of various aspects of zooplankton diversity
in the 39 lakes of the Yoho Natlonzl Park study.
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various groups 1413121110 9 8 7 6 b 3 2 1 0
ver lake - :
Rotifers 6 00 000 01 1 0 3 5 6 91k
All crustaceans 01 0 0 0 0 3 0 1 2 & 9 9 7 3
Calanold copepods O 00 0 000 O0O0O O 0 02316
Cyclopold copepods 0O 0 0 0 0 0 0 0 0 0 0 3 814 14
Cladocerans 0 0 0 000 1 0 0 1 2 0 2 71412
All Zooplankton L 00 21 2 331356 4 6 2
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‘of erustacean plankton.species in the 39 lakes is only 3.1 per

lake, and for rotifer species only 1.6 per lake, or for all

zooplankton specles only 4.7 per lake (Table 48), comparable

: to‘truly alpine | lakes in the Rocky Mountains of Alberta and

% ?; British Columbia-(Anderson 1971a) and much lower than would

| be found in montane or colllne | lakes and ponds in many nearby
areas. From Table 49, it can be seen that the number of lakes

contaihing very diverse faunas (10 or more sSpecies) 1s very

small (4 of 39 lakes); over half contain less than 4 specles
including rotifers and, indeed, two contaln no zooplankters at
all. It 1is also evident at thls stage that there 1s little

ég unique about the plankton fauna of Yoho National Park waters.

e= | Community Composition and_fredator-Préx Relationships

In the pfeviously noted study of 340 lakes and ponds
in southweétern‘Alberta'and southeastern British Columbia
(Anderson 1974&), the crustacean plankton communities fell
'7; rather logically intd Seven groups based largély on the presence
. | of certaln copepod specieso‘,The Yoho lakes and ponds of this
study represented only'four-of these groups. Oge of tﬂeae
subdivided into three subgroups was represented by only two
' subgroups in Yoho. A comparison of the present study with the

. _ larger study. follows:

2. "Alpine® in the sense of above treeline.

3. "Colline" = foothills or piedmont;
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: - 340 39 Yoho
Table Group lakes lakes

2 I - one or both Diaptomus shoshone
and D. arapahoensis, + Leptodi-
aptomus sSppe. (37)

ITA: D. arcticus the only copepod (55)

IIB: D. arcticus + Leptodiaptomus spp.

L1 + cyclopoids (24)

T IT1C: D. arcticus + cyclopoid sSpp. (24)

& IIT: prairie D. arctlicus or other

S Hesperodiaptomus spp. (10) -

5 IV: - Acanthodiaptomus denticornis, .( ) '
D. leptopus, D. forbesi 57 . -
6 Vs D. Tyrrelll, D. ashiandi, D. '
Sicilis, D. nudus, D. oregonensis,
D. franciscanus or D. connexus the
| only diaptomid (62) 6
7 VI: cyclopolds only, except two very _
sparse dlaptomid occurrences (53) 11
8 VII: no copepods except very Svarge
. _ eyclopold nauplii (18) 6

W

o It can be seen that the Yoho lakes represent more than a
.prOportional share of the simplest or least diverse comhﬁnities
(L.e. groups IIA, VI and VII, the latter including lakes with

extremely sparse or.no zooplankton at all).
A summary of the specles by lakes including an
~lndication of abundance and 1ndicat1ng grouping is given in
Tébles 50 and 51. As can be seen in Table 51, the rotife:an
fauna is very sparse, about 1/3 of the iakes yiélding ho
rotifers at all in plankton samples; and only 6 containing
populations at a density estimated at from 75 to 125 per litre -
i very sparse‘for rotifers. The ﬁost diverse rotifer community
in the 39 lakes (Emerald Lake at 7 species) seems to have
'changed drastically in the last two years, a polint to be
d¢lscussed in more detail below.
From Table 50, i1t can be seen that nearly half of

the species occurrences sre at extremely low densities (l.e.
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less than 0.1 per litre, and often no more than one zooplankter
for evéry one or two cubic metres!). The composition of the
coﬁmunitiés-in group IIA indicate the ability of the predaceous
.Diaptomus arcticus to effectlvely eliminate all small zooplankters
- and rotifers. 1In group IIB, this predator still 1limits the
existence of othér species, but less effecfivaly as a result

of some control over its own numbers by fish (McArthur iake

and O'Harsa Iake), rapld water renewal rates (Wapta lLake), and

the controlling effects of a temporary pond freezing solld in
winter (Hidden Pond). Such controlling-effectS‘on D. arcticus

in lake group V permit the occurrence of the smaller, non-

predaceous Diaptomus tyrrelll, a species rathef more common in .
alpine and subélpine lakes and ponds elsewhere 1n the mountain
national parks. The lakes in lake group VII are appérently too
cold, tqo nutrient poor, or too lacking in permanence to permit
the development of much of any type of community.

| The role of Gammarus as an effectlve predator having a
”potentigl cqntfoiiing influence on the composltion and abundance
of certaln zooplankton communities in Yocho 1akés (see Anderson _
- and Raasveldt 1974) 1s probably greatly reduced cbmpared to some -
other lakes because of the low numbers of Gammarus present in
Yoho lakes. Uﬁ to 20 or 30 per sq. metre*may occur in O'Hara
and.Sink lakes,‘and much smaller numbers in Linda, Sherbrooke,
Wapta, and Ross lakes. These numbers are very sSmall comparedAto
previously estimated highs of 1000/m? for Linnet Lake in Waterton

Park and current estimates which suggest numbers as high as

* Nos. based on dredge, Shoreline, and trawl samples. Moderate
numbers of Gammarus were found in fish stomachs from O'Hara
and Wapta lakes, and smaller numbers in fish from Sink and Ross
lakes. No Gammarus appeared in stomachs of fish from other

lakes.
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8000/m? for the same lake. Even at very low numbers (as low

as 5/&2),j1t 18 belleved that Gammarus could effectively control
Anostraca (falry shrimp) numbers in very cold lakes where growth

rates are low.

Plankton Stabilltx

Algreat deal has been written about the stability (or
lack of stabllity) of the zooplankton from year to year, and
the need to sample fairly frequently in all seasons over a
period of several years in order to get a true pleture of the
zooplankton community of a lake. The Yocho samples, collected
over a period of 9 years and including at least a few winter
and spring samples as well as frequent éummer and autumn Samples,
i;- indicate (1) that major changes are uniikely in the normal course
of events, (2) that additional specles found as a result of
multiple sampling are likely to represent very sparse populations
having very little ecological 1mpact.qn the community, and (3)
that distinetly different seasonal communities ar; not likely
ﬁg oceur other than that in winter there 1s often no community

at all or merely the sparse remnants of the summer community.

Changes 1n specles lists as a result of multiple sampling

of lakes and ponds were frequent with regard to rotifersl(l6 of

. -~ 20), a feature more to be eXpectéd among rotifers than among

- | crustacean plankton specles (e.g. Pennak 1955) although even

with rotifers in this study‘the changes most frequently involved
new océurrences of very sparsely represented speciles. Major
changes occurred in Emerald Lake rotifers, a situation to be dealt

with below.
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Multiple'sampling provided changes in 18 of 20 épecies
lists for the crustacean plankton, most of which also involved
sparsely represented specles which may always be present at
very low numbers. The only very great differences were 1in
shallow, of%en temporary ononds where large changes are a
constant and natural phénomenon. The major changes in waters
other than temporary ponds can usually be attributed to three
princlpal causes:

i. Large seasonal varlations in mean air temperatures,
mean preclipltation, length of open-water season, and
snow cover over lce in winter.

ii. Natural fluectuatlons in certain predator speciles
such as Chaoborus spp. larvae.

iii. Intentional mahipulatlons or introductions by man,
such as:

a) water level changes or diversions.

b) intreduction of fish, resulting in the reduction
or elimination of certailn large invertebrate
predators and posslble increases in numbers
of rather small species.

¢) introduction of certain invertebrates as food
organisms for fish, such as the introduction
of Mysis relicta into Emerald Lake.

Convérsely, if the fish populatlons artificially maintained in

a lake are allowed to disappear, 1t might be expected that the
plankton community would revert to its original type&' Such may
not be the case if a smaller, efficlent predétor becomes firmly
established in large numbers. In such a case, the smaller
predator may effectively prevent recurrence of the larger by
controlling the abundance of ﬁhe of fspring of .the larger Specles
(Anderson 1972 }. This may be the reason why some fishless lakes

where D. arcticns might be expected does not occure.

l. There 1s some evlidence to indicate that this may be occurring
in McArthur Lake. It would be useful to monitor this lake
about every 2 years for 6 or 8 years to assess this possibility,
assuming that no further fish stocking occurs in the lake.
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Changes 1n Emerald Lake Zooplankton

In September, 1967, 60,000 Mysis relicta from Upper

"Waterton Lake were introduced into Emerald Lake in an attempt

to increase the food organlsns availgble to the sport fish in

the lake. As a relatively cold, glaclier-fed lake, Emerald

Lake has never held much promise of belng very preductive: for
example, see Schultz (1953) for comments on 1952-53 investigations

and a résumé of previous studies. During the 1953 investigations,

deep-water benthic samples produced no fauna, and bottom fauna

- was generally sparse over all the lake. Superficlally at least,
there seemed to be an unoccupled niche in or on the sediment
substrate. In the present study, examination of bottom sediments
indicated the accumulation of extremely little organic matter

in these sediments (see Table 13).

Part of the rationale behind the introductlon of Mysis
relicta into a number of large oligotrophilc lakes in both North
!Americé and Sqéndinavia has been that ng;gyﬂas probably missing
from many 6f thellakes by accident of glaclation and that the
| Spegies could occupy a hitherto unoccupled ecological nicﬁe in

3, - such lakes, thereby enhancing total productivity. Subsequént
studies and events in both Sweden and North America'have.shOWh

L

that the dimensions of the ecological niche for Mysis were podriy

known and that changes thaﬁ have occurred are not necessarily
wholly beneficial. To summarize:

- o S I - Some studies have shown (or authorities stated) that

' Mysls has become an lmportant food organism in the

C dilets of fish in lakes where Mysls was newly introduced

¥ : ~ (Larkin 1948; Rawson 1961; Threilnen 1962; and many others).
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11. Some studies seem to show (not prove) that the
lmproved growth of Kokanee in some lakes may be linked
to the Introduction of Mysis (Sparrow et al. 1964).

ili. Studles before 1971 in lake Tahoe, California, (Cordone,
et al. 1971) indicated that Daphnia was the main food of
Kokanee, and that a "recently established" population
of Mysis relicta might "insert a previously unavaillable
energy source into the Kokanee food chain". Instead,
the Daphnia have disappeared, and the Kokanee do not
iee?)to have been able to utillze Mysis (Richards, et al.

975) .

ive. Quote from N.G. Hairston in Ecology (Hairston 1959).
"It has frequently been claimed that empty niches must
abound in view of the ability of certain introduced
species to succeed in establishing themselves. Such
Introductions, however, result in a decrease in humbers
of some previously established speciles, as is shown
dramatically in the history of oceanic islands. The
author knows of no adequate data contrary to the gener-
allzation that successful introduectlions reduce the
population of one or more indigenous species. The
lmplication that natural communities contain no unoccupied
niches is clear."

Ve Mysis relicta has been shown to be predaceous on
zooplankton at least in some lakes (lLasenby and Langford
1973), and the sudden dilsappearance of certain crustacean
plankton species has been noted in some lakes when
Mysis was introduced (e.g. Lake Tahoe - Richards et al.
1975) «

vi. Because of unpredicted changes such as those in item "m","
-~ 1t 1s now forbidden by law in Sweden to introduce Mysis
relicta into lakes previously barren of Mysis without
extenslve prior investigation andlthe permission of the

Fishery Board of Sweden (Magnus Fdrst, personal communie-

cation). '

- There 1s some evidence that the conditibn of Salvelinus
fontinalls (brook trout) in Emerald lake 1s slightly better since
‘the introduction of Mysis, but there is also evidence that the

plankton community is being depauperated. Filg. 43 summarizes
- the results of samples taken over the past 9 years. Although

further checking is necessary to verify the possibility of
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permanent changes in the plankton, it appears that rotifers
may have been elininated. None was found in Mysls stomachs from

Emerald Lake. Diaptomus numbers were greatly diminished in both

1974 sample sets and one 1972 set. One puzzling irregularlty

in Fig. 43 is the greater copepod abundance in 1973 Studiés
currently underway indicate that Mysis has a two-year life cycle
in Emerald ILake and Upper Waterton, and 1t is possible that the
numbers of Mysis of a slze capable of predation are occurring in
even-numbered years in larger numbers than in odd~numbered years.

This, too, requires verification. Additional treatment of the

present Mysis data and additional studies are in preparation or

are underway.

Zooplankton Standing Crop and Production

As noted earlier, 1t has been necessary in this part

of the study to employ walues and factors determined by others

- in order to make an assessment of production by zooplankton.

Whenever possible, derived values for the same or closely

‘related species from similar habitats were used, and for others,

‘where clogsely related data were not readily available,'adjﬁstments

for size differences or slower growth rates were made.

Consequently, the final production values are estimates (as

 they would still be in very detailed studies, although precislon

would increase), but it is unlikely that present estimates are

grossly in error. References used (and justification for selection,

~4in the case of rotifers) are indicated in the tables of data.

Tables 52 and 53 include dimension data and biomass

calculations for the rotifer and crustacean specles of the
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Table 52. Dimension and biomass calculations for crustacean plankton
specles of thlis study.

i . ..D. g
mw w B 3
v 7] 1] 2
ol @ H g o
O . g —~ o ) 5 -
[T O @ p 3] QO
. © = — H = @0 wt o ~
iy 2 o g °. 3 @ B & o
' S & 2~ N ® - © &
°T 23 @ 5 %8s &
o8 W ‘4 5 I
", 8 3 > o bg TE 81
I ~ M P 4 ~“& dc b o @ o
oF . O = = LEH B o> H &
: 9% § 5% By 33 hi A3 BQ
Species™’ = m ak (=] o (Ao tbrjg.mm
Diaptomus arcticus 12 2.2 4512 .060 5.6 336 1 1.3
w ~ {O'Hara) 2.6 .751 .088 493 1.5
Diaptomus tyrrelli A2 1.4 .120 L0210 5.6 .118 1 1.5
‘ Orthocyclops modestus .12 1.2 .090 .011 5.8 L064 1 2.0
Macrocyclops albidus 12 2.0 370 044 5.8 .255 1(2)#2.0(3.0)*
Bucycliops agilis <12 1.3 110 .013 5.8 .075 1(2)*.5(2.5)+*
Acanthocyclops vernalls .12 1.5 <150 ,018 5.8 104  1(2)*.5(2.5)%*
Dlacyclops blcuspidatus .12 1.1 .070 .008 5.8 .046 1(2)%2,0(3.0)%
thomasl ' : : '
Polyphemus pediculus .1 1.0 070 .007 5.0 40735 2 3.0
Sida crystasllins .1 2.41.000 .100 5.0 .500 2 3.0
Holopedium gl bberum el 1.5 .150 .015 5.0 .075 2-3 2e¢5
Furycercus lamellatus .1 2.61.200 .120 5.0 .600 2-3 2.5
Acroperus harpae .1 0.7 040 004 5.0 .020 2-3 2.5%
7 - Alona guttata ol 0.35.010 .00l 5.0 .005 2 2.0
; Alona afflinls .1 0.9 060 .006 5.0 .030 2 2.0
Along rectangula .1 0.3 010 L001 5.0 005 2 2.0
élone-l‘]_.g_ exc;i@-_ 01 Ool:l' 0020 0002 5-0 0010 2 2.0
. Chydorus sphaericus o1 0.45 040 .004 5.0 .020 2 2.0
. Daphnla middendorffiana .1 3.01.100 4110 5.0 .550 2 2.0
; Daphnia pulex o1 2.4 580 .058 5.0 .290° 3 3.0
£ Daphnla pulicarila ol 2.5 650 .065 5,0 .325 3 3.0
Daphnia catawba o1 2.1 .380 .038 5.0 .190 3 3.0
Simocephalus vetulus o1 2.4 950 .095 5.0 L475 3 3.0
Simocephalus serrulatus .1 2.4 4950 .095 5.0 JA475 3 3.0
v Scapholeberls kingil o1 0.9 +080 .008 5.0 .O40 2~3 2.5
: Ceriodaphnia affinis ol 0.8 060 .006 5.0 .030 2-3 2.5
- Bosmina longirostris ol O.l45 020 002 5.0 LOlO0 2-3 2.5

a. Based on data from Burgis (1975), Dumont (Ms 1975), Herzig (1974),
Klekowskl & Shushkina (1966), Nauwerck (1963), and Anderson (1968a).
b. Approx. values from Schindler (1970) and Cummins & Wuycheck (1971 ).
c. Data apply to adults: Cladocera (@ no eggs); Copepoda (approx. mean
of meles and females without eggs).
d. Based on no. generations per year & generation time, & other estimates
(Alimov & Winberg 1972; Anderson 1974c; Schindler 1970; Winberg 1971)
e. P/B ratio used in this table to reflect attempt to reconcile general

specles characteristics with particular locations in Yoho Nat. Park.
#*  Tioher niimbers in narentheses annlv to warmetr lakes onlv.
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Table 53. Dimension and blomass calculations for rotifers of this.

study.
. D
3 * (| w - . —
Q.o N g g ~ o -
4y o~ - I~ — HO £ 0 o~
b R (0l 6 T Bwe. 3a 89
Fom H: . = D8 0
H M H\0 HL = 0 g n u O WK [
O s~ Oh ~— Oy mﬁﬂ mﬂvo o &
e i o0 T @ wt g = 4
oo m L= K e H—ado o585 oo
0+ M I o O by 0 - oad L0
© © [ I et O —~ ~ M ma L g
s oK o rg ¢o 0 Q0O W . a
He A0 g s ogH ) Esqtr B R
o= = g 3 ¢ O G o o
+ ° X Cn s Q e EP 2,0 n@
8 92 Edw Bdg HEZS 52 88
mE e 0— = 00 MerZw ©O O
Polyarthra.vulgar;§ 15 5.5x105 O.?Li—d .0036 .00040 9 -
a
Filinia longisets w15 1.Ox105 042 «0021 .00007 30 «0001

Kellicottia longispina .2 1.0x10°  0.50° .0025 .00010 25 -

Kerstells cochlearis .2  5.0x10%  0.11  .0005 .00005 10  .0001
Keratella quadrats 2 1.0%10°  0.35 .0017 .00010 17 =
‘Notholea ascuminata .2 1.0x10°  0.35° .0017 .00010 17 -
Asplanchna priodonta .1  3.0x10’ 1.00% L0049 .01470 0.3 -
Brachionus sp. 15 5.0x1och 0.209 .o010 .o000k 25 .0008°
Lepadella ovalls 2 5.0x105° 0.31  .0015 .00049 3.1 -
Lecane elasma - .2 2.0x105d 0.60° .0029 .00020 14.5 =
Monostyla lunaris .2 2.0x105° 0.60° .0029 .00020 14.5 -
Synchaeta oblongg .l 1.0x10§ O.Z?d .0013 « 00049 2e7 =

\ - ' -12
a.'Volume in p3 converts to grams by multiplying by 10 e

b. Factor based on presence/absence of lbrica, lorica type, setae, &
‘ other hard parts, etc.

Ce Estimated values; specific data unavailable.
d. Specles different, but dimensions essentially the same.

"e;-Estimated calories per gram dry wt. = 4900 (Schindler 1970).
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zooplankton. Many are not used in detalled consideratlons

because the sSpecies involved were too rare to warrant detailed
calculations. These calculations were made in a few cases and
compared to lumped data (1.65 where rare Species were treated
as the nearest-sized‘dominant) and differences were too small

to justify the detailed calculations.

Production of dominant or subdominant species (here
taken to be any species constituting 5% or more of the total
numbers of crustaceans in a given lake) was derived froﬁ estimates
of survival, generation time, feeding'efficiency, number of
generations per year, and adult biomass and calorific values.
The adult blomass rather than the mean annual bibmass for a

specles was used in estimating the P/B ratio (here: total-

'annua]-net-production/maximum-biomass) because most consistent

sampling was done in the late summer and early autumn, and
because maximum standing crop blomass appears to ocecur commonly
at this time of year in most of the lakes of the type Studied

here (Anderson 1974c). The general procedure used for estimating

productiOnlpotentials follows the pattern ﬁsed in a study of an

alpine lake.and a subalpine pond for the purpose of estimating

‘sport-figsh production potential as 1t relates to management

recommendations (Anderson 197%4c ).

Estimates of total annual production by zooplankton
for the 39 lakes and ponds of Yoho Nétional.Park are summarized
in Table 54, These estimates range from a low éf zero {0) = no
zooplankton - to a high of 53,463 cal/m> (Sink Lake, no. 48).

To convert these values to other terms, the total energy
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I Table 54. Crustacean plankton. production estimates for 3% Yoho Natlonal
: Park lakes.
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i~ Kt - =] @ 4
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o d K — o g — Ad
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: o ) = A, T e M v o'k
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a 88 & B§8  EZis @.w
E §H .m 4w o Qo ~t K QO
s E] o EM L - &g —_0 g
¥ . Leke ___ S § Isg 398 Exs
L No. ™ Naue £ 85 & 8u% ERF ~§d
. 50 Fairy 0.7 306 8 24h8 0.6 7.0
: : 37 Kiwetinok 1.2 524 7 e 3669 0.9 Sk
i 55 Amiskwl 2.1 917. b.s k126 1.0 6.0
61 1Indigo 0.9 393 18¢€ 7074 1.8 6.9
) 35 Otto 0.6 262 3.53 917 0.2 0.2
29 Crystal 7.5 3276 1.3 L2359 1.0 1.2
: 38 Hamilton 0.6 262 7€ 1835 Ce5 2.3
= 16 Cesa 2.7 1179 13.6 16039 3.9 64,0
’ 14 Opabln 2 L6 2009 1.0 2009 0.5 T Q.9
S 15 Opabin 1l L 1922 4,0 7688 1.9 6.1
: 154 Opabin 5 0.1 A4 73 <0,1 <0.1
’ 31 Little Gem 0.4 175 10° 1747 0.l 3.9
44B Hidden P. 12.0 5242 18 5242 1.3 C.1
20 VYapta g, <0.,1 <15 L.,2 <65 <0D.1 < 0.1
L - 9 O'Hara 3.6 2662 19.1 50848 18.1 546.0
= 8 MecArthur 2,6 1136 25.6 29073 7e2 551.1
- 41 Celeste®, 11.4 4OML  3.0%12123 7.1- 14,2
. o 42 Duchesnay : 87.3 27552 0.7 19286 10.6 371
» - . 49  Summit“° 23,3 12198 1.0%12198 - 7.9 15.9
. 48 8inkPe 142,0 53463 1.5%B0195 46.9 234.9
- 26 PEmerald 9.0 1593 17.0 27081 9.6 1116.9
: © 7  Schaffer 3.7 655 1.2 786 0.3 0.1
- , 43  Yoho 6.2 1612  5.0% 8060 5.2 17.0
o Lk Hidden L. 4.2 7363 38 22090 7.9 T 3,9
7 S 47 Sherbrooke 2.0 312 6.0 1872 0.7 23.3
Co : 17 Ross® 1.1 2239 8.0 17914 11.5 68.8
S o -19 No. Naraod 2.2 413 0.7 289 0.2 0.6
' S _ 18 B8o. Narao LBg.1 5832 3.0 17496 11.2 7.8
o ) . ’ 10 Mary - 21.0 11970 3.0 35910 25.5 146.0
L 13 Opabin 3b 25.0 3900 1.0 13900 1.4 Ol
i 11 oOpabin 4 50.0 B9B1L  1.0%° 8981 5.2 1.6
23 Upe. Morning Glory 1.3 203 2.0 Loé 0.1 0.2
. & Ottertall ' 1.2 225 i.0 225 Cul - 0.9
e 51  Waves P. 0 R - -
A - 1A nr Celeste o - 1 - - -
: 28 Ptarmigan P. 0 - 1€ - - -
- 22 mld Morning Glory 0 - 1.5 - - -
; 24" Linda 0.1 19 6.0 113 0.1 0.3
» 12 Victoria 0 - 2° - - -
. 52 Marpole
i . ' " a« Daphnla regulerly «10% of Diaptomus numbers; Single exception, 5-IX-69,
. b. Two co-dominants. - '
¥ ¢. Bosmina usually about 4x ecyclopoid numbers.
d. Ceriodanhnia usually about 3x cyclopoid numbers.
e. FEstimated on basis of general morphometry and known maximum depth.
: f. "Avallable" production = P - B; conversion assumes 16% ecologieal
- ) efficlency at 1500 calories per gram frwt., and assumes that
: : ' production would in fact be avallable (see text discussion).




F-34

accumulated by the zooplankton of Sink lake in one season would
be about enough to ralse the temperature of the water in the

lake by about 1/20 of 1 degree Celsius.

The total production cannot be utilized by other

organisms (such as fish) for two maln reasons:

i. Total utilization would result in elimination of the
potential food organism.

; ii. Many of the potential food organisms are in reality
S ' too small to be utilized by the fish.

Ignoring the second reason for a moment, we can get an estimate
of the available production by the various specles of zooplankton
by looking at the P/B ratio. Assuming that the populations of

these organisms that exist in many of these lakes are living

i

3 close to sﬁbsistence levels ecologically (probably true for

many of the Yoho lakes), it appears that the populations are

reproducing at the minimum level necessary to maintaln the

numbers from year to year: egg nﬁmbers are very low; predation

ratés on the specles are often very low; mortality rates appear

5 | to be very low (Anderson 1968a, 1974c ). Therefore, the production

: in excess of that required to maintain the épeoies (L.e. that
production ngvailable" to secondary consumers such as fish) is

- P-B, or approximately that portion of total production gréater.
than the aduit biomass. Conversion of this "avallable production®

K ,; ‘to the equivalent of fish biomass!® as freshweight indicates that

the potential sustainable production of sport fish per hectare?®

1. Assuming an ecological efficiency of 16% based on caiories,
probably a rather conservative estimate, and assuning a
calorimetric value of 1500 cal/gram frwt. of fish biomasse.

2. One hectare is approximately equal to 2.5 acres.
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on the basis.of zooplankton production is rather meagre for
even the most productive of the 39 Yoho lakes. Sink Lake
would be potentially capable of producing about 47 ke frwt.

fish per hectare per year (or something less than 1000 half-.

pound fish for the entire lake), if gll the "avallable"
zooplankton production could be utllized. The fact that many

of the organisms are too small to be profitably utilizéd as food
by the fish substantially reduces this eétimate. The maXimum

production estimate of fish blomess per hectare is only about

15% of maximum yjlelds obtained in some pralrie potholes
(Lawler et ale 1974). '

There were only & lakes where rotifers were abundént
énqugh to warrant making theoretical calculations‘céncerning
production (Table 55). Only two of these (Ross and Yoho lakes)
1hdicated.sign1ficant rotifer bilomass. If rotifers were
‘avallable directly to fish as food {which they are‘not), then
. they would add a potential of about 2 half-pound trout to the
£ _ | sport fish production of Yoho ILake and about 48-half-poﬁnd trout

to the Rdss ILake production.

It is clear from the results and discussion in this

i

.. section that the introduction of fish into many of the small
lakes containing large (especially dark-colored ) zooplankton
' specles, where the 1akes'offer'little coﬁer gnd no refuge for
the zooplankters, would resulﬁlin rapid decimation or possibly'

1.

_elimination of the zooplankton specles. It 15 evident also,

1. Bven in lakes with some cover, it becomes obvious that
excessive numbers of fish can soon reduce numbers of large,
slow-growing, cold-water invertebrates below the level at
which they can sustaln populations at near natural abundances.
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on the Easis of documented cases and other‘évidence,_that the
large invertebrate species might be replaced, if they were at
all, by smaller specles which would be too small for the fish
too eat (1l.e. usually smaller than ;.5 mm; Anderson 1972 ).
Many lakes which seem to have abundant plankton forms do not
provide the fish populations with much food from the plankton
except possibly in cases where fingerlings can utlilize the
very small zooplankters. In many'clear alpine, subalpine, and
montane lakes where food organisms are relatively Scarce, the
small fish cannot venture into the limnetic zone (open-water
regions) to capitalize on small zooplankters because the small

fish themselves become the prey of larger fish.

The introduction of exotic forage specles, whether
relicts or not, and whether vertebrateé or invertebrates,
can produce unexpected aﬁd sometimes unpredictable'resultsa
In Emerald Lake, the introduction of Mysis relicta may be the
reason - for the decline in numbers of rotifers and bopépo&é.
Although these plankters are too small for the fish to utilize |
effectively, the conversion of thelr rather meagre biomass into -
larger blomass units as Mysis is only accomplished at the
sacrifice of much of the energy involved. The ecologleal
efficiency from one trophic level to'anbthér is uéually about
10% (a 90% energy loss). The longer the life span of an
organism,lthe lower its efficiency in most cases, and Mysis
appears to have a two=-year life ecycle in Emerald lLake. Consequently,
any advantage galned is likely to be small and short-1ived, and

possibly at the expense of the destruction of a natural community.
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Plates 1 -5. Diagrams of some of the common sSpecies
: discussed in the zooplankton section.
The falry shrimp Branchinecta sp.
(Crustacea: Anostraca)} is also shown :
- even though no fairy shrimps were collected
"D in the present study.
&4




| ROT?FERA OR ROTATORLA — the rotifers or wheel onimolculijg

Filinia sp. : L - - : | /
X900
§ |
X200 Kellicoftia sp.
Keratella quadraia | ieratella | ' Notholca sp.
cochlearis

X150
Brachionus sp.

@2 50

Lepadella sp.

Synchaeta sp. | Asplanchna sp.



CLASS CRUSTACEA F-t0

ORDER ANOSTRACA — the fairy shrimps

Branchinecta sp.

male ,
front view / ORDER CLADOCERA

— the water fleas

Alonella excisa




et

" ORDER CLADOCERA

05 mm
Bosmina sp.

— the water fleas

Ceriodaphnia sp.




.

P42

CLASS
CRUSTACEA

ORDER AMPHIPODA

-~ amphipods, scuds,

sideswimmers, shrimps

ORDER MYSIDACEA

— opossum shrimps

[ /

‘--"‘:""‘L !@ il ——
' S { AY “2mm
i L Mysis relicta
-ORDER CALANOIDA ORDER
. Y<  cvcLopoiba
L .‘.“-‘ r.: M ..‘ .
// \
. l E
/s ’ £
- - | o
4"&,"‘.‘4,
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: E \7 v l?\ &
[ — 4 \}".
$ nauplius /,\ Cyclopoid
Calanoid copepods | , A copepods



ORDER DIPTERA

CLASS INSECTA | F-43

tracheal air sacs

— flies and mosquitoes

Chaooborids

Chaoborus americanus

i, N Chironom|ds

\\ Tendipes tentans

3
ua

b

“v S5mm




FISH

A total of 177 fish of 7 species were collected from 11
stream and 6 lake siteé. A summary of the fish collections
is given in Tables 56 & 57. Dolly Varden, pysmy whitefish,
slimy sculpin, and.cutthroat trout are native to the Park while
brook,rainbow,-and lake trout have been introduced, A discussion

of each species is given below,

Dolly Varden char (Salvelinus malma).

Freshwater and anadromous populations of Dolly Varden éhar
are found in western reglons of North America. The blology of

Selvelinus malma has been reviewed by Scott and Crossman (1973).

In geﬁeral. freshwater resident populations are somewhat slower
growing than aﬁadromous ones with a decrease 1n‘gfowth as one
proceeds nértﬁ. Like other chars, §. malma is a fall spawner.,

It spawns in different'areas from September to early November
(usually October), Sexual maturity is reached in years 3 to 6
and some fish ﬁay spawn every year from,'year 6 t§ year 10 or 11.
Ten to twelve yéars appears to be the usual maximum age, Although
S legg can grow qnite'large, 1n1aﬂd. hlgh'alfltude and northern
popﬁlations<are'often stunted and do not excegd 12 inches (305'_,

.mm) in length {Scott and Crossman 19?35.

A total of 28 S. malma were collected at 5 of the 14 stream
sites examined in the Park (Table 56). Only 3. malma were
collectedrin Otto Creek and upper Amiskwi River. In the lower 3

..Amiskwi River a single S. malms was collected along with brook



Table sé. Sumnmary of fish collected from streams in
Yoho Natlonal Park,

- Species Site 106A™ 107108 '111 -114 1144 116 117 ' 118 "119 1194 126 13

Salvelinus

) malma - - 1 3 1 - 17 6 - = - - -
; Salvelinus ' ,

fontinalls 8 1 - 10 2 15 - - 2 - - 23 3
A Prosopium
. ' eoulteri b - 1 - - - - -7 1 - - - -

' Cottus :
cognatus 3 - g9 - 3 - - - 2 - - - -
Total ‘ 15 1 11 13 6 15 1?7 . 6 5 - - 23 3

; Table 57. Summary of fish collected from lakes
- S in Yoho National Park,

Specles Site e 17 20. 26 48 49
- Salvelinus
. fontinalls - 9 - 9 - -
i Salvelinus '
- namaycush - - 13 - - -
E Salmo
; clarkl 11 - - - - -

Salmo

gairdnerl - - - 2 ” 10

Total 11 9 13 11 7 10
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trout and slimy sculpin. Dolly wvarden and brook trout were
collected in the Otterhead River while whitefish and slimy

sculpin were present along with Dolly Varden in the Ottertail

River,

Dolly Varden were found to be most numerous at Otto Creek
where 17 were collected by electrofishing less than 50 m of ther
stream, Upper Amiskwi River at site 117 produced fewer but larger
fish In & 100 m section of stream. The remaining streams pro-
duced only smell numbers of Dolly Varden in the 100 to 200 n
* sections which were electrofished {(Table 56),.

The slze of fish in various age classes was found to be
smallest for'thosé fish from Otto Creek while specimens from
Otterhead River and Amiskwi Hiver were generally larger as

shown in the following table:

Age ¥ean length of Dolly Varden (mm)

(years) Otto Amiskwi Lwr Amiskwi  Otterhead Ottertail
1 80 - 63 - -

2 83 . 79 - - 89

3 R o8 - ‘ -

4 114 - - 118 -

5 126 175 - 153 -

3 149 - - - -

Z 163 - - 295 -

9 177 233 - - -

Seveﬁ-year-old fish from Otto Creek averaged about 160 mm (about
€ inches) in length while a fish of the same age from Otterhead

River was 295 mm long.

Even though a wide range in the size of fish for a given
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age was found at wvarlous stream sites, no difference was noted
in the length-welght relations of the Dolly Varden collected.
The formula describing the length-weight relationship for the

combined S. malma samples 1s:

Log, oWelght = -11.48 + 3,03(Logjgplength)
10 n = 28
r = 0.99

For a description of the significance and meaning of the length-

weight formula see Varley et al. (1971).

Among Dolly Varden collected the older, larger fish were

exclusively male with the largest female being 153 mm in length.

The growth rates of Dolly Varden in the Park are not strictly
comparable with those presented by Scott and Crossmen (1973)
becanse of the variability of life historiles in different areas,
Their data 1llustrate the wide varlation in growth rates with
two-year-old fish, for example, ranging in length from 61 to
239 mm, In general, the Yoho National Park populatlons examined

appear to be very slow growing.

The stomach contents of Dolly Varden collected included a
variety of food items ranging from insects to mice., With the
exception of a single Dolly Varden collected in the lower Amiskwi
River, all of the Dolly Varden examined had some foed in the b
stomach, An estimate of the percent fullness of the stomach
for each individual was made and a summary of results is given
in Table 58, Fish collected in Otto Creek had the fullest
stomache with an average of 64,7%. Ih addition to having the

fullest stomachs, these fish also contalned the greatest variety
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of food‘items. Eleven éategories of food were found in fish from
thls site with the most important items being Plecoptera, Diptera

larvae, Ephemeroptera, and Hymenoptera {Table 58).

Fish examined from upper Amiskwi River also had qﬁite full
stomachs (61.6%) but conteined food items from only 6 categories
{Table 58). Miscellaneous Insecta were the most frequently
encountered food item and were found in 5 of the 6 fish (83.3%)

from this site while Plecoptera were found in 4 fish (66.6%).

The stomach contents of Dolly Varden collected in Ctterhead
and Cttertall River differed considerably from those already
discussgd. Ephemeroptera and Plecoptera were not found in these
fish and oniy 4 types of food items were found in stomachs from
each site (Table 58). The most common item in the Otterhead
River fish was Acarina while in the Cttertail‘River fish

miscellaneous Insecta and Hymenoptera were abundant

Kany factors undoubtably contribute to the food typgs found
_1n examination of stomach contents, These include: availability
bf food, sélectivé predation, fish size, and seagonal as well
aé daily vafiations in feeding activity (McLeod 1971). In
genefal the major items in the stomach éontents of fish froﬁ'
Ctto Creek do not differ significantly from the available food_
as Indicated in analysis of klieck samples from this site as

shown below:
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- Compositlon in decreasing order of importance
(data from Table 18 and 58)

Kick sample Stomach contents
Ephemeroptera ' Plecoptersa
Plecoptera Chironomidae
Chironomidae Ephemeroptera
Trichoptera Miscellaneous Insecta
-Mlscellaneous Insecta | Hymenoptera
Trichoptera

Jard (1974) does not list Dolly Varden from any of the lakes
in the Park and none were collected from any of the lakes sampled
-during the présént study. Schultz (1953) reported that Dolly
Varden were planted in Emerald Lake as early as 1906, He
collected 3 specimens from this lake in 1953‘and these flsh were -
considerably larger (200-550 mm) than any of the Dolly Varden
collected in streams during the present study. Emeraid Lake Was
poisoned with téxaphene in 1959 and, because of persistent
toxieclty, it was 1962 before it could be stocked again (Ward
19720, It is gquite possible that some young Dblly Varden, which‘
. normally spend 3 to 4 years in streams before moving to a lake,
may have survived the toxic perlod and may again be present 1n

_this lake. -

Brook trout (Salvelinus fontinalis).

Brook trout (actually char) are the most common specles of
char in the Park, The 1ife history of brook trout has been
‘reviewed by Scott and Crossman (1973) and is similar to that .

‘already described for Dolly Varden. Spawning takes place 1n
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1§te sunmer. or auntum over gravel beds in headwater streams or
in gravelly shallows of lakes. Brook trout are relatively short-

lived, wild trout seldom living longer than 5 years, and almost

never beyond 8 years, Introduced brook trout may live up to

.15 years, Sexunal maturity is usually attained at age 3; but
some individuals may mature at age 2. Five year o0ld fish attain
lengths from 250-480 mm, Brook troﬁt occur in clear, cold, well
oxygenated streams and lakes where they feed on a wide range of
organisms including agquatic insect larvae, worms, leeches,

crustaceans, mollusks. and fish,

A total of R2 bfook trout were examined from 3 lakes and 8
stream sites in the Park (Table 56), All of these populations
represent brook trout which have been introduced fo FPark waters
or are descendants of introduced individuals. Sixteen lakes or
ponds In the Park have had brook trout introductions (Ward
1974, Table 59}, At least 8 of these water bodies experience
regular winterkill and some, éuch as Sink and Summit lakes,
have had frequent introductions to offset the loss due té |
o | winterkill (Table 59). Only one stream, Hunter Creek, is listed
.in the stocking records as having introdugtions of brook trout
although they were collected at most of the stream sites
examined during the present study. The brook trout collected in
streams probably.represent‘breeding populations wh;ch have been
established by individuals which migrated from the stocked lakes_
- | : in the Park although some unrecorded or unofficial introductions

may have been made,

Lake samples of brook trout included 9 fish each from BRoss
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Table 59. Summary of fish introductions in Yoho National
Park between 1964 and 1973, Original data
from officlal stocking records.

Coh Lake Winter~- Species Repro+ “No« times intro. Mean No. intro.
T No, .k1311 *° present duction 1964-1973 per stocking
6 yes EBT no 2 750
8 no EBT ? 2 10000
. 10 yes Cutt ? 1 5000
E RBT ? 1 250
i7 no EBRT poor g 3600
18 ? EBT ? 5 680
RBT ? y 325
20 no RBT ? L 625
EBT ? i1 2931
SPL 7 1- 5000
; 22 ? Cutt ? 3 3000
L 24 no RBT yes 2 1050
25 ? Cutt - yes 2 1500
f 26 no RBT yes 19 8463
L EBT yes 9 8166
L2 yes EBT no 2 4000
T L3 no RBT ? 2 375
1 EBT ? i 1275
- Ly yes RBT no 3 1116
) L8 yes ERT no 14 1117
jﬁ _ RBT no 6 383
E Lo yes EBT no 5 Ls0o
BRBT no 2 3758
E 52 no RBT yes 1 500
¥ _ Cutt yes 1 1000
62 yes EBT no 3 L83
- ' RBT no 2 - 425

EBT= eastern brook trout
_ RBT= rainbow trout

¥ Cutt= cutthroat trout
SPL= splake

SR,



G-12

and Emerald and 1 from Summit Lake, The single individual from
Summit Lake collected on August 9, 1973, 1likely originated from

an introduction of 500 brook trout in June of the same year,

Brook trout from Ross Lake were found to be much shorter and
lighter than fish of a similar age from Emerald Lake as shown

in the following table:

Mean length (mm) and welght (g) of brook trout from lakes

Age Ross Emerald
{(years) length weight length weight
3 188 74,5 193 101,58
L 212 125.,5 320 Lok

6 267 2135 368 703

7 300 360 Lig 1310

1 - -

i 2RL 262

Compared wlth some other lakes in the mountain National Parks
Ross Lake appears to offer only minimal conditions for growth
(Figure 44).‘Three—year-old fish from Hoss Lake were comparable
in size to the "stunted” brook trout populations from some |

Colorado beaver ponds described by Rabe {(1970),

Brook trout from Emerald Lake were considerably larger in
size thaﬁ those of a similar age from Ross Lake, When.compared
with brook troul fron other mountain National Park lakes for
which datam are available the fish from Emerald Lake appear to

have growth rates which are about average (Figure 44).

The length-weigzht relationship of brook trout from Ross
and Emerald lakes was quite similar. The formula'describing
the length-welght relationship for brook trout from Ross Lake

is:
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L6o
Loo
300 -
- £ * .
4
0
&
2 |
| 200 - P - Emerald
// » ———— Ross
] -
P ~— —— Pyramid
——ee—— Tilted
«—— Hidden
---------- Baker
100 ‘h! ! o [l I ) —ﬂﬂh_H-
3 4 5 6 7 .8

Age (years

Figure 44, Age-length relationship for brook trout in

Emerald and Ross lakes as comared with other areas

{ supplimentary data from Rawson and Elsey 1650 and
Smiley 1974).
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25 1 = g0 L —5 G-1

4% i
bogpq welsht = -11,74 + 3,07TDesqg. length) .~
n =9

and for Fmerald ILake is;

2 L
. - Poeyly welcht = -11,07 + 2.98(bagyg length)
P ‘ n =9
i r = 0’99

g 4 = a.gy Mgl = #EL
¥lth the exception of two males from Ross Lake all of the

brook trout collected in both lakes were gravid femsles,

Eight of 14 stream sites examined produced brock trout
(Tabie 56). At four sites (Porcupine Creek, Emerald Creek,
Cataract Brook, Ross Creek) only brook trout were collected.
At the remaining sites, brook trout were collected along with

other species as shown in Table 56.

Brook trout were most numerous at Emerald Creek and Cataract
Brook where Plectrofishinq of approximately 100 meters of atream
produced 15 and 23 specimens, respectively, Ottertail River,
lower Amiskwi Rlver, and Ross Creek all produced fewer but
1érger spécimens-of brook trout, Hoodoo Creek and Kicking Horse
River both produced a small number of small fish, As previously
noted there are no records of stream 1ntr0ductions of brook
trout except for Hunter CreeX (in 1954) from which no fish of

any species was collected during the present study,

‘Growth rates of brook trout from Park streams are considerably

v

below those of Pmerald and Ross Lakes and are generally lower

than erowth rates from other streams (Red Deer River, Alberta:

McCart and Jones 1974; Nelson and Hays River, Manitoba: Doan

1048, in Scott and Crossman 1973). Some variation was found in
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the flsh size in relation to age from the various streams,
although a fairly uniform linear growth rate was determined
for all sites. A comparison of the age-length statistics for-

the stream sites is given in the following tables

Mean length (mm) of brook trout from streams

Lower Porcu~ Otter- Kicking

Age Amiskwil Hoodoo pine head Emerald Horse Cataract Ross
1 - 55 - 93 63 = 63 -
2 118 100 - 112 92 85 93 108
3 - 168 142 134 146 - 119 -
4 - - - 176 - - 1473 194
5 219 - - - - - - -
6 - - - 245 - - - -

The length-weight relationship for the combined stream
samples of brook trout is described by the formula:
Logy o weight 50.32 + 3.78(Logyy lensgth)
n 3 :

0.99

i

r

Tne specimens from Ross Creek were gravid and considerably

heavier than most fish their length,

Many of the smaller specimens could not be sexed, although
the larger specimens from Hoodoo, Porcupine, Otterhead, Emerald,
and Cataract were predominantly male. The largest female collected

was 200 mm long (from Ross Creek) while the largest male was 245

. mm long (from Otterhead River).

Stomach contents of brook trout from Emerald, Ross, and
Summit lakes differed considerably {Table 58). None of the

stomachs examined were empty and the average fullness ranged

from 38.4%4 in Ross to 75.5% in Emerald Lake. The single individual
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frow Summit Lake contained only chironomid larvae and adult

Diptera. Rainbow trout from Summit Lake collected at the same

time as the brook trout had 7 different categories of food

items,

Brook trout from Emerald Lake had the fullest stomachs

with an average of 75.5% but contained food items in only 5

categories (Table 58), Diptera pupae and lysis were the most

abundant food 1tems and were found in 100% and 55% of the fish

examined, respectlvely. As noted previously Mysls was Introduced

to Fmerald Lake in 196?; Stomach contents of the fish examined

during the present study indicate Mysis relicta has become

one of the most important food items for broock trout in Emersld

Lalke,

A conmparison of the potential food items from benthic and

shoreline samples with those in the stomach contents is given

in the following table:

Composition in decreasing order of importance

Benthic sample

(data from Tables 14, 16, and 58)

- Shoreline sample Stomach contents

Chironomidae
Pelecypoda
Cligochaeta

Filsec., Diptera

Chironomidae
Cligochaeta

‘Ross Lake

Gastropoda
Pelecypoda
Oligochaeta -

‘Trichoptera
‘Ephemeroptera

Plecoptera
Coleoptera
Acarina

bmerald Lake

'Amphipoda

Gastropoda
Ephemeroptera
Trichoptera
Odonata
Chironomidae

Diptera pupae
Chironomidae. larvae
Trichoptera = -
Amphlpoda
Plecoptera
Ephemeroptera
Copepoda -

Acarina

Diptera pupae
Mysis relicta
Fish
Coleoptera
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In general the major'food items from fish in Ross Lake appear
" to he maihiy of shoreline origin while those of Emerald Lake
gre mainly 6f benthic origin. Brook trout from Ross Leke had
the lowest average percent fullness of the three 1akeé. but
these flsh had a wide variety of food items which included 9
categories, Diptera pupa, diptera larva and trichoptera.ﬁere
the most common food items being found in 75, Sé,‘and 62% of

the stomachs examined, respectively.

Brook trout from Porcupine Creek, Boss Creek, Kicking
Horse‘River. and Amiskwl River contéined froﬁ 2 to 6 categories
of food items with miscellaneous Insecta, Hymenoptera, and
Plecoptera being among the more common items, Fish from this
group of streans had average stomach fullness values ranging

from 40 to 804 (Table 58).

Stomach contents of brook trout from the rem&lniﬁg streams
1(Hoodoo, Otterhead, Emerald, Cataract) had average fullness values
of 40 to 57% and had from 8 to 12 different categories of food
1téms (Table 58), A common feature of the:food items found was
the lack of dominance by any single item in the stomach examined.
. With the excepttion of Trichoptera in 80% of fhe fish from
Ofterhead Rivér, all other food i1tems were found in less than

50% of the fish examined from these streams,

A géneral compérison of the invertebrates collected in kick‘
éamples with those found in stomach contentszcén be made; At
Cataract Brook, for example, chironomid larvae appear to form .
a greater portion of the stomach contents than would be expected

from their frequency in kick samples as shown below:
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Composition in decreasing order of importance
(data from Table 1R and 58)

Kick sample Stomach contents
tphemeroptera Chironomidae
Trichopters ' Trichoptera
Plecoptera ' Fphemeroptera
Chironomidae . Plecoptera

risc, Dipters Acarins

Acarina

Lake Trout (Salvelinus namaycush).

Lake_trout are relatively large and 1ong-1ived char which
are widespread in Canadlan Lakes, Like othef chars, lake trout
spawn in the fall usually over a boulder or rubble bottom in
lakes., Spawning usually takes plgce at depths less than 40
feet and sometimes as shallow as 1 foot or, in rare instances,
spawning may oceur in rivers, Growth is fairly rapid with sexual
maturity being attained at age 6 or 7, Lake trout commonly
live for 15-18 years of age and individuals of 23 years are

known, Lake trout are predaceous and feed upon a wide range

.of organlisms including freshwater sponges, crustaceans, aquatic

and terrestrial insects, many species of fish, and even small

mammals (Scott and Crossman 1973).

Two lakes,'Sherbrooke and Wapta, contain lake trout

although theré are no records of lake trout 1ntrqductibns in

the Park., Schultz (1953} collected 7 fish from Sherbrooke Lake

which he "positively identified” as lake trout. Stocking records

indicate Atlantic salmon (Salmo salar) were introduced to this

lake in 1919 and 1921 and railnbow trout were introduced between:

© 1932 end 1941 (Schultz 1953; stocking records). Seversal

poSsiblllties for the origin of the lake trout populations may
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apply in this case:
1. The lake trout are native to Sherbrooke Lake,
2. There was a misidentification of the fish stocked.
3. There was a misidentification of the fish collected.
As Schultz (1953) was aware of the possibility of Atlantic
salmon belng present we can safely relect the third possibility.
Although it appears the question of origin cammot be resolved
on the basis of present information the fact remains that

collections by Schultz indicate a lake trout population was
established at that time,

Thirteen lake trout were collected at Wapta Lake during the
present study. Wapta Lake also has no official record of lake

trout introductions although splake (S. namaycush X §.'f0ntinalis)

were stocked in 1961, 1962, and 1968, The présent specimens
were positively 1aent1fied on the basis of pyloric caeca counts
which numbered 101, 106, 10b, 119, 116, and 113 in 6 individuals
exaéined. According to Séott and Crossman (1973) the number of
pyloric caeca in splake i1s intermediate between the'two parent
specles as follbws: brook trout 23-55; lake irout 93—208; splake
65-85, Three possibilities for the origin of the lake trout of
Wapta Lake might applys |

1. The lake trout are native to Wapta Lake.

2, There was a misldentification of the species stocked.

3. Offspring of introduced splake have reverted to the

parental lake trout type.

The first possibility seems unlikely as thére are no records of
lake trout being caught in this'lake.prior to the introductions
of spiake in 1961. Again it appears resolution_of the guestion

of origin 1s‘1mpossible wlth the present information.

The growth rate of lake trout from Wapta lLake was found fo
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be less than for lake trout from 6 lakes in Quebec, Ontario,
Saskatchewan, snd the Northwest Territories reported by various
authors and summarized by Scott and Crossman (1973). Rawson

and Elsey (1950), Cuerrier and Schultz.(1952), and Cuerrier {1954)

report growth rates of lake trout from Waterton Lakes (WINP),

Lake iinnewanka (BNP), and Pyramid Lake (JNP) ﬁhich are

cbnsiderably higher than the rate for specimens from Wapta Lake;
For comparative vurposes the size of fish in various age classes

is given below:

Meen length of lake trout (mm)

Age Wapta Pyramid Waterton Minnewanka
I - 2572 327 271
5 215 355 370 304
6 - 431 Loh 341
: 7 247 495 508 394
' 3 278 563 553 584
9 300 h2k 713 655
10 353 h8e 825 718
11 434 . 749 - 785
12 bsn - - -

The formuia describing the length-weight relationship
‘of lake trout from Wapta Lake 1s:
| Log10 weight = -12,24 + 3,15 Log10 length
n=173 r=0,99
Fxcept for cutthroat trout from Lake O'Hara the lake trout
.j were generally heavier for thelr length than other salmonids

collecfedrin the Park.

Sex was determined for the 7 lake trout from Wapta Lake and

these flsh included 2 males and 5 females,

-~ The stomach contents of lake trout from Wapta Lake included

food items in O different categories {Table 58), One stomach
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was empty and the average fullness was very low at 10.74, The
most frequently encountered food items were Amphipoda and
Ephemeroptera which were found in 84.6 and 46.1% of the fish
examined, respectively. A comparison of the relative abundance

of potentlal food items in benthic and shoreline samples with

stomach contents is given in the followling table;

Compogition in decreasing order of sbundance
(deta from Table 14, 16, and 58)

Benthic Shoreline Stomach contents

Diptera larvae Ephemeroptera Amphipoda

Pelecypoda Adult Diptera Ephemeroptera

Oligochaeta Trichoptera Adult Diptera

Eirudinea : Plecoptera Plecoptera

Misec. Insecta Amphidopda Diptera pupae
Cligochaeta Acarina

It appears the stomach contents have g greater similarity to the

shoreline fauna than to the benthic fauna.,

- | Cutthroat trout (Salmo clarki),

The natural distribution of cutthroat trout is 1imited bo
coastal and inland populations in western Nﬁrth Ameriéa. The _
Pilology of cutthroat tfout has been outlined by Scott_and.Crossman
(1973). Yoho Natlonal Park is included within the range of the
'iniand population of cutthrbat trout which 1s generally glven

subspecies étatus‘(§. clarkl lewlsi)., Unlike the chars previbusly

};. ‘ diséusse& cutthroat spawn in spring and early summer about 3 to
5 weeks afterlice‘breakup. when water temperatures are near
.50°F (10°c). Spawning takes place only In small, gravellj
streams during both day and night. Fry emerge in August'énd

- move to larger streams or lakes., The inland type of cutthroat

L trout usually grows to about 12 in (305 mm) in length although

1arger specimens are known,  Sexual maturity is reached by malgs

asg early as 2 years of age and by females at 5 or 6., The
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average age at first spawning 1s 2-4 years, Ten years would
aprear™ to be maximum life expectancy but 4 to 7 1s more common

(Scott and Crossman 1973).

Food of this specles consists mainly of insects, both
aguatic and terrestrial,'small fishes, planktoniec crustacea

as well as other items,

During the present study, cutthroat trout were collected
only at Lake O'Hara (Table 57). Stocking records and Schultz (1953)
indicate several other lakes in the Park have had cutthroat
trout as follows:
lary- because of its low mean depth‘this lake is subject
to winter kill - no flsh were seen 1n the lake during
11973-1974 studies although cutthroat trout have been
int?oduced several times, the latest being 196? (in
the official stocking records this lake is referred
to ag "Schaffer Lake"), Large numbers of dead fish were-
noted on the lake bottom in 19?0, 1ndicating extensive
winterkill the previous winter (R, S. Andersoﬁ, ﬁnpublished
data), | |
Lowef Morming Glory Lakes- these lakes are subject to
occasional winterkill (Schultz 1953} and no fish were
seen during the present study- cutthroat trout were
‘stocked as recently as 1968. |
Linda Laké4 "hundreds" of cutthroat trout were seen in’
this lake by Schultz {1953) while only a few fish of
-an unidentified sﬁeoies were seen during the present

study. Cutthroat have not been stocked since 1954 and
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rainbow trout were introduced in 1969, A number of
large ocutthroat were observed spawning or attempting

to spawn in the shallows of the lake in 1970 (R.S. Anderson

unpublished data),

Marpole Lake- Cutthroat trout were first introduced to
this lake in 1968 although there are unconfirmed reports
of cutthroat prior to this time (Schultz 1953). This
lake ﬁas not examined during the présent study.

Yoho Lake- Cutthroat trout were stocked in this lake.
between 1949 and 1959, Schultz (1953) examined 3
cutthroat trout and noted grbwth was."poor“. This lake
was not ekamined during the present study.

MoArthur‘Lake— Cutthroat trout weré Introduced to Lake

} =§ . MeArthur in 1957 and brook trout have Been stocked

| | between 1957-1965. During vislts to this lake in 1973

and 1974 no fish were seen, On_one occasion a park

visitor In the sarea reported seeing a fish of unknown

-spécies In the lake. No fish collectlons were made

5 I - during the present study. The apparent increase in

; nﬁmbers of the large copepod Diaptomus ércticus in this

: L '__" ' lake since 1970 may be indicative of the decline or |

| : . .'demise of the introduced populations of fish

N wapta Lake- cutthroat trout were introduced to this lake
on several occaslons, the iatest being 1959. No

cutthroat were collected by Schultz (1953) or_during

: - . the present study,

A total of 11 cutthroat trout were collected from Lake

C'Hara by gillnet, No other species were collected from Lake
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0'Hara although rainbow trout were frequently stocked prior to
1955, The growth rate of the Lske O'Hara cutthroat trout
(Figure 45) appears to be about average when compared to data
from some alpine and subalpine lakes in Banff Natlional Park
{Smiley 1974; Fudry and Anderson 1974, unpublished data),
Cutthroat trout from O'Hara appear to grow slower than those
from Baker Lake but faster than those from Péyto and Shadow

Lake. Statistical data for various age classes are given below:

Mean length {mm) and weight {(g) of cutthroat trout from O'Hara

Aze number length welght
3 2 172 7.1
L 2 272 236,2
g 3 266 223.8
6 3 2973 292.8
1 317 391,0

7

. The formula describing the length-welight relationship of

‘cutthroat trout from Lake O'Hara is:

Ln
4§§g;g welght = -13.94 + 3.45 Eoggg Length
‘ n= 11 ) r= 0,99

Logold = EdBs 5;49/,4? Lo — 6057

The slope of the regression equation indicates the cutth:oat'
trout from Lake O'Hara are consideradbly heavier for their

length than other salmonids from the Park,

Only a single male was among the 11 cutthroat collected

from Lake O'Hara, All the females collected Were gravid,

The .stomach contents of cutthroat trout from Lake O'Hara
inciuded food 1tems in 9 different categories (Table 58).
None of the stomachs were empty and the average fullness was
60,9%, The most frequently encountered food items were amphipods,

Ciptera (Chironomidae) larvae and pupae, copepods, and Trichoptera,
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A general comparason of the relative abundance of potential
food items in benthic and shoreline samples with stomach contents

l1s given in the followling table:

Composition in decreasing order of importance
(From Tables 14, 16, and 58)

Benthic Shoreline Stomach
Chironomidae - Chironomidae ' Amphipoda
Pelecypoda Trichoptera Chironomidae
Copepoda : : Coleoptera Copepoda
Cladocera Oligochaeta Trichoptera
Oligochaeta Misgse. Insecta Coleoptera
Amphipoda ' ‘

Poténtlai food items from both benthic and shoreline samples

were found in stomach contents., The high frequency and
abundance of amphipods in stomach contents may indicate a
predominantly benthic origin for the food items. In a.detailed
study of feed;ng habits of two different strains of cutthroat
trout In a small Colorade lake Trojnar and. Behnke (1974) found
significaﬁt_differences: one strain fed mostly on pelagic

and benthic organisms while the other fed at or near the surface,
These authors'nqted the inter- and intraspecific féeding
segregation exiblted among trout populations in tﬁe lake studied
has sigﬁifiqént ramifibations for fisheries management by
demonstrating'that genetic diversity can be utilized to more
‘efféctively_take advantage of niche diversity,.not only with
arepresenﬁaﬁifes of_différent specles, but also dlvergént_stocks .

of a single species,

‘Ralnbow Trout (Salmo gairdneri).

Rainbow trout have been stocked in at least 15 lakes and

ponds in the Park. Scott and Crossman (1973) have described
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the high degree of varilability in both form and life history
found in this Species. Rainbow trout are basically spring
spawners, They spawn on f;ne gravel in smaller tributaries

of riveré, or inlet or outlet streams of lakes, from March to
August but mainly from mid-April to late June. There 1s little
evidence that rainbow trout can successfully spawn on beaches
of lakes that do not have streams flowing into them. Fry
usually emerge from mid-June to mid-August, Growth is hlghly
‘variable angd depends on area, habitat, 1ife history type, and
quantity and type of food., Rainbow trout usually mature ati '
3 to 5 years with adults living from 3 to 8 years depending on
hablitat and other factors. In general rainbow trout feed on
varlious invertebrates including larger crustaceans, insects,
snails, snd leeéhes. The slze attalned by railnbow trout appears
to be dependent on the type and amount of fobd items available
and they may rénge-from 1 to 14 pounds 1n.maximum weight (Scott

and Crossman 1973).

A total of 19 rainbow trout were examined from 3 lakes in
the Park (Table §7), A1l of these samples represent populations
of rainbow which have been introduced or are descendants of
introduced fish. At least 6 of the 15 lakes and ponds in
which réinbow trout have been introduced are potential Winterkill

lakes (Table 59).

.Hainbow trout collected from Sink Lake on June 13, 1973,
originated from fish stocked 13 days before on Fay 31, 1973,
Official stocking records indicate only brook trout were stocked
in Summit during 1973 although 10 rainbow trout wére taken on

August 9, 1973,  As noted previouly a single brook trout was
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also c¢ollected from Summit Lake, The two rainbow trout collected
from rmerald lLake were 3 years old and may have originated fron

a group of yearling rainbow trout stocked in 1971.

The regular winterkill in Sink and Summit Lakes allows
growth for only & very short summer period. Calculations based
oﬁ official stocking records indicate rainbow trout planted in
| Sink Lake were approximately 20 g in weight when introduced,
Thirteen days later the welights ranged from 40-75.5 g indicating
- a very rapid growth. Pralrie ponds are known to support growth
rates which are comparable to those found in Sink Lake
(Johnson et al. 1970). Rates of growth for rainbow trout from
Summit Lake could not be determined because of a lack of data

on date of stocking and initial size,

The rainbow trout from Emerald Lske were approximately
the same size as those from Sink and Summit Lakes although they
were estimated to be 3 years old when captured.. Due to the
spmall number of specimens, groﬁth rates and 1ength¥weight
.relationships are unavilable for rainbow trout in Emerald Lake.
'Frqm-daﬁa presented by Scott and Crossman (1973) three. year old
rainbow trout from several Canadlan Lekes ranged in length
_from.lgo-ul9 ﬁm‘indicating the Emerald Lake populatlion is very

slow growing.

The.éfomach contents of rainbow trout from Sink, Summit, -
.and Emerald lakes were low in both percent fullness aﬁd variety
“of food items (Tsble 58). In Sink and Summit, 7 types of food
items were vpresgsent, the mogt importantlitems being Cladocera

and Diptera. In Emerald lake, only Diptera larvae and pupae



were in the stomachs, In Sink and Summit lakes, the stomach

contents included items found in both benthic and shoreline

samples while those from Emeraid indicated a predominantly

venthic feeding behavlor as shown below

Composition in decreasing order of lmportance

(data from Table

Eenthic Shoreline Stomach

Slnk Lake ‘
Chironomidae Amphipoda Cladocera
Firudinoldea Ephemeroptera Chironomidae
0ligochaeta Trichoptera - Amphipoda
Acarina Odonata Ephemeroptera
Trichoptera Gastropoda Plecoptera
Amphipodsa Choronomidae :

Summit Lake
Chironomidae Ephemeroptera Cladocera
¥isc. Diptera Cladocera Chironomidae
Hirudinea Trichoptera Coleoptera
O0ligochaeta - Chironomidae Mise, Insecta
Felecypoda Acarina Plecoptera
Fphemeroptera Odonata

- Emerald Lake .

Chironomidae Amphipoda Chironomidae
Cligochaeta Gastropoda

Ephemeroptera

Trichoptersa

Odonata

Chironomldae

In a study of feeding hablts of fish in a small Colorado lake

Trojnar and Behnke (1974) found more than half of the food of

" rainbow trout was of benthic origin,

Pyemy whitefish (Prosopium coulteri),

Specimens of pyzmy whitefish were collected at three strean

sites In the Park (Table 56), Scott and Crossman (1973) have

reviewed the biology of this small species and'indicate'they

épawn during the fall in shallow waters of streams or lakes.

Growth 1s slow with females beling larger and living longer than

"males., A maximum age of 5-6 for males and 7-9 for females
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appears to be normal. Crustaceans, chironomids, and other
aquatlc insects are the primary foods. Predation on Py gmy
whitefish 1s poorly documented although kingfishers and terns

have been obéerved catching them.

Six pygmy whltefish were collected on August 1, 1973 in
the Kicking Horse River, Hoodoo Creek, and Ottertaill River
close to their conflueﬁces with the Kicking Horse River, At
Ottertall River.they were collected along with Dolly Varden
and slimy sculpin, and at Hoodoo Creek and Kicking Horse brook

trout and slimy sculpin were also present,

The specimens of pygmy whitefish represented 3 age groups

and some indlceation of the growth rate was obtainéd a8 shown

below:
Mean length and welght of pygmy Whiterisnh
Age n mean length (mm) mean welght (g)
-1 b 76 4,7 :
2 1 ' Q2 8,7
3 1 104 12,8

' These results are'Quite gimilar to those.presented by Scott and

Crossmen {1973) for three lake populations of pygmy whitefish,

The_formula'descfibing the length-weight felétionship of
.the cdmbined sample of pygmy whitefish is

welght = -17.68 + 0,29 length

| n=6 r=0,99
and indicates a linear relationship duriﬁg the early years of

‘growth.

The sex was not determiﬁed for any of the individuals

collected.
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Some differences were noted in the types of food items
in stomach contents from the three stream sites (Table 58},
although the small sample size may have bilased these results.
In general, Diptera larvae (Chironomidae) were the most important
food items found, with smaller numbers of ﬁlecoptera,

Ephemeroptera, and Trichoptera,

51limy sculpin (Cottus cognatus),

Seventeen slimy sculpin were collected at four stream
sites in the Park (Table 56). In a review of the biology of
this species,-Scott and Crossman (1973) indicate it is found
in bofh streams and lakes throughout most of Canada, -Slimy
sculpin are spring spawners and spawn under rocké or ledges in
streams and rivers, Females are mature by age three but details
of zrowth rétes are largely unavallable, Availsble evidence
suggests that the priméry food is invertebrate bbttom fauns,
particular1y aquat1c insect larva, A number of larger, predacebus

fishes such as lake trout feed upon this sculpin to a greater

‘or lesser degree, devending upon 1ts avallability (Scott and

Crossman 1973). Three of the nine brook trout collected from

Emerald Lake contained sculpin (preseumably slimy sculpin) in’

thelr stomach contents,

The distribution of slimy sculpin in the Park was found to
be similar to that of pygmy whitefish., Slimy sculpin were '
dollected_in‘the Kicking Horse Rifer and in three tributaries
close to their confiuence with thé Kicking Horée”Biver. Ages
of the speclmens coliected ranged from 3 to 7 with lengths and

weights for the comblned samples as shown belows
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Mean length and weight of slimy sculpin

Age n mean length {mm) mean welght (g)
3 9 63.5 2.9
b 3 75¢3 k.9
6 2 81.2 6.3
2 3 84,5 7.1

The formula describing the 1ength—weight relationshlp of

the combined samples of slimy sgulpin 18

weight = -8.3 + 0.17 length
n= 17 r= 0.94
and indicetes a linéar relationshlip. The larger; older speclimens
were usually males while the smaller, younger'specimens were .

mostly females,

Stohach contents of slimy sculpin froerttertall River had
¢ different types of food items, and those from lower Amiskwi
River hadrs types (Table 58), Fish from Hoodoo Creek and Kicking
Horse Rlver had only 2 and 3 types, respectively. In general
the méin_food items éppear to be Dibtera larvae (Chironomidae),
Plecoptera, Trichoptera, and ﬁiscellaneous Insecta, A comparisoh
‘of potential food items at site 108 (Ottertail River) with the

stomach contents of slimy sculpin from that site 1s given below:

-Combosition.im order of dedreasing_importaﬁce
(data from Tables 18 and 58)

Kick gamples , Stomach contents
Ephemeroptera Chironomidae
Trichoptera misc., Insecta
Chironomidae Ephemeroptera
Plecoptera Plecoptera
misc. Insecta Trichoptera

Differences between available foods and stomach contents are
not great and thls way be an indication of the opportunistic

feeding habits of thls specles.



H-1

FISH PARASITES

A total of 94 fish, including representatives of all 7 specles
collected in the Park, were examined for parasites, Approximately

2640 helminth parasites representing 8 different specles of

H

monogeneans, digeneans, cestodes, and nematodes were recoverad
from the fish examined (Table 60). From an esthetic point of view
this large number of "worms" may seen both remarkable and
unpleasant. Most of the parasite species collected, however,

are guite small and not easlly detected by the casual observer,
What 1s equally or more important, from the standpoint of a
fighery, is whether these worms interfere with the health and
growth of the host fish, . Freeman (1964) has pointed out that
flatwqrﬁs rarely cause serious harm to fish although some deleterious
effects are occasionally found. There are records of extenslve

- fish mortality in natural waters due to parasites, but apparently
guch catasﬁroPhies are uncommon. Generaily young fish are more
seriously affected than old fish, and this usually happens when
they are crowded. In a National Pérk gituation where maintainence
of natural communities is desireable these parasites should be
regarded as an integral and sometimes interesting part of the

total aquatlec ecosysten,

Monogenea

Tetraonchus variabilis was the only monogenetic trematode

collected in the Park, Monogenetic trematodes, which occur
mainly on the skin and gills of fish, 40 not require an intermediate
host and actlively tranafer from fish to fish. Since no intermedlate

host is necessary, monogeneans can reproduce rapidly under certain
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Téble 60. Summary of parasite species and numbers collected

from fish hosts in Yoho National Park.

Number of fish

Inf. intensity

Site and host Parasite examined/infected (%) range mean
Hoodoo Cresk
Pyguy whitefish R. millexri 4 2 (50) 0=2 0.7
Brook trout ¢, farionis 3 1 (33) 0-24 8,0
R, milleri 3 2 (66) 0=2 1.0
Slimy sculpin R. cotti 3 1 (33) 0-1 0.3
Ottertall Bliver
Brook trout C. farionis 5 3 {&0) 0-21 . 8.4
E, salvelini 5 1 (20) 0=2 0.4
R. milleri 5 b (80) 0-39 12,2
Dolly Varden B. lueiopercae - 3 2 - (68) 0=-1 0.6
C. farionis 3 3 (100) 1-3 2.3
R. milleri 3 3 {100) 29-50 41.6
Slinmy sculpin R. cotti L 3 (75) 0~3. 1,2
Lower Amiskwi River :
Brook trout C, farionis 2 1 (50) 0-1 0.5
E. salvelini 2 1 (50) 0-1 0.5
R, millerl 2 2 (100) 6-133 70,0
Dolly Varden R, milleril 1 1 (100} 46 46.0
Upper Amiskwi River
Dolly Varden C. farionis 5 | {(60) 0=7 1.8
Otto Creek
" Dolly Varden R. milleri 5 5 (100) 2-46 18,8
Emerald Creek
Brook trout C., farlonis 5 2 (40) - 0-127 27,2
: Diphyllobothrium sp. 5 1 {20) 0=k 0.8
R. milleri 5 3 {60) 0=5 2.0
Cataract Brook
Brook trout C. farionis 5 1 {20) 0-52 10.4

v e e



g ' Table 60. -Con't.da
' Number of fish Inf, intensity
Site and host Paraslite examined/infected (2] Tange mean
Roassg Creek
Brook trout C, farionis 3 3 (100) 1-75 31.3
lake O'Hara '
Cutthroat trout C, farionis 5 2 (40) 0-132 30.8
. Diphyllobothrium 8D.5 2 (ho} 0=2 0.5
2 Ross lake
| Brook trout B. luciopercae 5 1 {(20) o0-3 0,6
=4 . ¢, farionis 5 2 (40) 0=-10 2.4
: E. salvelini 5 1 (20) 0-36 7.2
; Wapta Lake :
L lake trout B. lucioparcae 5 b {80) 0=-62 20.0
¢, farionis 5 1 (20) 0-110 22,0
- Emerald Lakte '
i Brook trout C. ferionis [ b (80) 0=24 8.0
Sink Lake . '
Rainbow trout C. farionis 5 1 (20) 0-1 0.2
R, milleri -8 1 (20) 0=-1 0.2
: Summit Lake
: Brook trout C. farionis 1 1 (100) 273 273.0
) ‘Rainbow trout C. farionis 5 4 (80) 0-258 121.0
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conditiones and produce serious damage to fish, The very low
infection rate found in the present study probably represents

1ittle 111 effect to the hosts,

Gills of a single specimen of Prosopium coulteri from the

lower Ottertail River had & T, variabilis, No parasites have been
previously reported from pygmy whitefish while the closely related
mountain and round whitefish are known to harbour T, yariabilis

(Dechtiar 1972).

Digenea

The smell digenetic trematode Bunodera sp. wag one of the
most frequently encountered parasites of fish in the Park (Table 60).
It was found in 5 of the 7 species of fish examined with the
exceptions being pygmy whitefish and slimy sculpin. The life
cycle of Punodera is complex, with geveral stages including
s free swimming miricidium; redia and ceraria which develop in
the gills of clams (Pisidium and Sph@erium); metacercaria encysted
in Daphnia and amphipodss and adults 1ln the intestlne of many
types of fish (Cannon 1971). The distribution and abundance of
Bﬁnodera in the Park is determined to a great extent by the
availability of suitablé intermediate and final hosts. The
relatively high incidence in lakes (45.1%) as compared to streams
(6.3%) probably reflects the greater avallability of the Intermediate

hosts in lake situations.

The highest infection intensity of Bunodera was found at.
Summit Lake where mean numbers per fish were 121.8 in rainbow

end 273 in the single brook trout collected {Teble 60), Cutthroat
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trout from lLake O'Hara and lake trout from Wapta Lake also had

fairly heavy infections, None of the brook trout from Emerald

Lake had Bunodera although 2 from Emerald Creek (site 114B) were

. infected with Bunodera., Lower Ottertail River was the only other
%;f gtream site with fish containing Bunodera. At this site 2 Dolly

Varden had one Bunodera each,

Crepedostomum sp. 18 a small digenetic trematode closely

related to Bunodera and exhlbits many of the same traits in its
l1ife cycle, It was found in the gut of all fish specles collected
except slimy sculpin and rainbow trout (Table 60). A4s in Bunodera,

early stages develop in the gills of clams (Pigidium and Sphaerium)

while metacercaria are found encysted in mayfliee and amphipods

5 {Choquette 1954),

The highest incidence and intensity of Crepedostomum infections
was in S, fontinalis from Emerald Lake while the lowest was in

lake trout from Wapta Lake, In general the number of Crepedostomum

: in fish from lakes was much lower than Bunodera. In Lake O'Hare, .
. amphipods are the most-likely intermediate hoste from which cutthroat

trout acquire Crepedogtomum, noting that amphipeds were very

nupmerousg in stomach contents,

Crepedostomum infections were found in fish from all of the

stream sites examined except for Otto Creek (Table 60). Brook
trout was the most common host species, Hean infection intensitles
were highest at stream sites downstream frcm lakes (such as Ross
Creek, Cataract Brook) and at relatively slow flowing sites (such

as Otterhead River and Hoodoo Creek).




Cegtoda

Two species of Cestoda (tapeworms) were collected from fish

in the Park:; larval stages of Diphyllobothrium sp. end adult

Eubothrium salvelini.

cutthroat trout from Lake O'Hara and brook trout from Emerald

ILake and Emerald Creek contained larval. stages of Diphyllobothrium.

Diphyllobothrium comprise & large number of imperfectly known
species which, as adults, infect pisclvorous birds and mammals &nd,
as plerocercoid larvae, infect certain fishes, especlally the
Salmonidae., The 1life cycle 1s complex: eggs hateh in water
reléaging a free swimming coracidium which may be eaten by one of
sevefal species of copepods, chiefly cyclopoids (Meyer and Vie 1963).
if eéten by a copepeod, the tapeworm larvae develops as a procercold
stage in from 2 to I weeks. The tapeworm remains in this stage
until the copepod host iz eaten by a fish, in which case the
procercoid emerges from the copepod and penétrates the stomach

wall of the new fish host and develdps into a plerocercoid stage.
The pleroéercoid stage is about % inch long and is usuelly found
in the stomach wall or in the mesenteries whieh support the
intestine, Plerocercoids are very often seen by fishermen when
cleanihg f1sh and are most often the source of comments about
"wormy.fish". These plerocercold stages pose no problem to the
figherman 1f the fish are cleaned in the normal manner, becaunse

the parasitqs are generally restricted to the gut area and do not
enter the muscle tissues of the body., The plerocercold stages

remaln in the fish host and may accumulate in large numbers in

‘older fish, The life cycle is compléted when the fish is eaten
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by a suitable final host such as a fish eating blird or mammal.
In the Park the bird hosts would likely included gulls, merganzers,
loong, and grebes, Once in the final bird host, the tapeworms
develop to adult stages and release eggs which drop with bird feces

into the water, where the cycle begins again,

The brook trout from Emerald Lake had the largest number of

Diphyllobothrium plerocercolds with an average of 15,2 per filsh

(Table 60), Two of the 5 cutthroat trout from Lake O'Hara had
a2 small number of plerocercoids. The more intense infection from
Emerald Lake probably indlcated more frequent use of the area

by fish eating bilrds,

The second specles of tapeworm, Eubothrium salvelini,

collected from fish in the Park has a more direct life cycle

than that deseribed above for Diphyllobothrium, Eubothrium
develops as & larval stage in copepods and when eaten by a suitable
f1sh host the larval cestode develops directly to an adult stage

in the fish gut, Specimens of Eubothrium were collected only

from brook trout at two stream sites (Otterhead and Amiskwi) |

and one lake (Ross). There i1s some evidence that young fish
infected with E. salveiini nay have reduced chance of surviving

to adulthood (Freeman 1964),

Nemstoda (roundworms).

Two specles of Rhabdochona were found in fishes of the Park.

Rhabdochona cotti was collected only from slimy sculpin while
R. millerl was found in 4 different host species (Table 60).
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The 1life cycles of species of Rabdochona are not well

understood slthough larval stages of some specles are known to
develop in mayfly nymphs of the genus Hexagenia (Moravece and
Arail 1971). Fish no doubt acquire the infection upon eating
infected mayflies. In the fish host, the adult worns. live in the

intestine where thney are thought to do 1ittle harm,

Rhabdochona cottl was collected in low numbers from the type

host Cottus cognatus at three localities in the Park (Table 60) .
Highest infection incidence and intensity observed was in sculpin
from lower Amiskwl River where the three hosts examined contained

from 3 to 8 worms.

In a review of the North American representatives of
Rhabdochona, Moravec and Arail (1971) note that R, millerl has
been recovered only from hoéts of the family Catastomidae, The
gpecimens recovered from Salvelinus malma, S. fontinalls, Salmo

gairdneri, and Prosoplium coulteri in the present study compare

favorably with the redescription of R, milleri provided by
Moravec and Arai (1971). ©Specimenz of the four host specles
infected with R, millerl were collected at one lake site and

9 strean sites (Table 60).

A single pyemy whitefish was found to be Infected with young
of snother nematode: Cystidicola. Adult Cystidicola are rather
large nematodes which live in the swimbladder of salmonids and

coregonids., Cystidicola stigmaturae has been reported from

mountain whitefisgh and round whitefish in British Columbia

(Bangham'and Adame 1954), but there are no published reports on
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parasites from the pygmy whitefish, The life cycle of Cystidicola

13 unknown but is believed to involve an arthropod 1ntermedlate
hoet for larval development, Margolis (1967) reported that the

cystidicoline nematode Salvelinema walkeri feeds on blood in the

swim bladder of coho salmon, Although further study 18 required
a similar feeding pattern might reasonably be expected for

Cystidicols in the swinm bladder of pygny whitefish, Implicatlions
regarding the possible pathogenicity of the blood feeding habit
of swim bladder nematodes suggested by Margolis (1967) have not

been investigated,

The four larval Cystidicola collected from the pygmy whitefish

represents'a very light infection since as many as 1700
Cystidiocola were recovered from a single mountain whitefish
from Pyramid Lake (BNP) (Mudry and Anderson 1974, unpublished

data).
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ARUATIC MACROPEYTES

These plants are characterized by the possession of
conductive tissues (xylem and phloem) for the transport of

materials thrdughout the plant body. lost agquatic macrophytes

exhiblt structural specialization into true roots, stems, and

leaves. The recognition of a category to be labelled "true
aquatlc plants" demands a certain amount of latitude and
qualification, for within this group we find a very broad
spectrum‘of adaptation to water., We may defline "aquatic plants"”
as those whose seeds germinate in the water and in which most
spend part of their 1ife cycle in water, This ecological
grouping included plants which grow completely submerged as well

ag a varlety of emergent types (Reid 1961).

in lakes and ponds of the Park, 11 speclies of aguatic
macrophytes representing 7 families were collected (Table 61).
of these 11 specles only 4 were listed in the preliminary

checklist of flora of the Park prepared by Chuang (1972).

Pamily Najadaceae (pondweeds).

Three specles of the genus Potamogeton were collected
from 6 lakes in the ?ark (Table 61), The.mqst.commoh spécies
was P. praelongus which was found in 4 lakes 1hc1uding_Duchesnay 
and GCttertail Flats Lake where it produced thick growths
th:ouéhout 1afge areasrof these lakes. The remaining two

species were less widespread with P, pectinatus only in Emerald

Lake and P. gramineus in both Em@rald and Sink lakes, In the

latter two lakes, the Potamogeton spp. were generally restricted




Table 61, Distrubition of aquatic macrophytes in Yoho

National Park,.

L dx ﬂy\ %‘.’F- \;)@p’ :{;{—.‘L ,)f o f\f}J ) ‘F-,»

AR A AR
Species . Lake . 6 10 18 19 20 26 42 4B 49
Potamogeton gramineus - - - - - + - + -
Potamogeton pectinatus - - - - - + - - -
Potamogeton praelongus + - + - - - + - +
Carex Tostrata - + + + + + - + +
Chara sp. - - - - + + - + +
Eanunculus aguatilus - - - - + + - - -
Equisetum arvense lu '« - - - + - - -
Equisetunm fluviatiie .? 7- -, - + - - - -
Myriophyllium exalbescens .— .o + - + - ; - -
Hippuris vulgaris L - '“ - - + - - - -
Drepanocladius aductus .— - - - + - - - -

*(+) indicates species is present
t
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to shoreline areas,

Gaeveskaya (196A) has pointed out a large number of
animal species are found in both trophic and ecologlical

association with various species of Potamogeton. Various

chironomidé, triphoptera. and birds, for example, are known

to feed on Potamogeton while fishes and carnivorous invertebrates

aré attracted to Potamogeton beds where prey‘specles may be

avallable, .

FPamily Cyperaceae (Sedges).

Carex rostrata was the most widespread of all the aquatic

macrophytes, This emergent plant was collected near shore in 7
lakes (Table 61) where it frequently formed a band up to 5 m

wide,

Several types of invertebrates including chironomids and

Trichopteéra are known to feed on Carex sp. {Gaevskaya 1966).

Fanily Characesae,

Chara sp was collected at 4 lakes where it was usuglly
found at depths greater than one mefre. In Sink, Summit, Wapta,

and Emerald lakes it covered wide areas of the bottom,

Family Ranunculaceae (buttercup, crowfoot).

Hanunculus aquatilus is a small aquatic plant'which was
found near shore in Emerald and Wapta lakes, Individual specimens

were wldely dispersed and did not form thick growths.



Family Bquisetaceae (horsetails).

Equlsetum arvense and E. fluviatile, two emergent specieé

of horsetalls, were collected from Emerald and Wapfa lakes,

respectively. These plants were confined to the shoreline areas,

Family Halofagaceae (water milfoils).

- Myrlophyllium exalbescens was found along the shore of.

South Narao lake and in dredge samples from Wapta Lake, A
second milfoll, Hippuris wvulgaris, was collected only from

the shoreline of Wapta Lake,

Femily Hypnaceae.

Drepsnocladius aductus was collected only in dredge samples

from Wapta Lake,



PHYTOPLANKTON

In addition to the macrophyte species discussed, there
are over 150 species of small, unlcellular and colonial aquatic
plants in the Park. The majority of these small plants are

found free floating in the water of lakes and as a group are

- termed phytoplankton. As noted previously the phytoplankton

can be subdivided further into two groups: the net phytoplankton
(discussed with the zooplankton) and the nanophytoplankton which
s treated in this section, Phytoplankton may be present in
sufficient numbers to colour the water, but more often they are
80 sparce that special means must be employed to obtain =
quantity sufficient for microscopic examination. A majority

of the speoies found in the phytoplankton are unicellular

rather ‘than colonial (Smith 1950).

Some appreoiation of the great diversity of phytoplankton

- shape and size may. be gained by examination of Plates 6

through 13, The wide range of morphological types shown is an -
indication of the diverse habitat requirements and physiological

differences between species which make up the phytoplankton.

_Nearly all of the physical and chemlcal factors discussed in

the early sections of this report have been shown to be of

'importance in determining the distribution and abundance of

phytoplankton specles, Variations in 1ight intensity, secchi
v1lsibility, lake depth, temperature, water chemistry and other
factors often act directly on the phytoplankton in a selective
and controlling fashion. Using sunlight as an energy souroe,

aquatic-plants, like those on land, perform a.basic biclogical
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function in the production of carbohydrates and proteins from
dissolved nutrients and raw materials, This production of
carbohydrates and proteins'is termed "primary productlion" and

forms the first step in food chalns leading to animal consumers

as shown in the following dlagram:

Enerzy of sunlight

primary S phytpplankton

production
Nutrients & ///’f : + ‘ ‘
raw materials . '
Benthic Zooplankton

B e
invertebrates (primary consumers}
Fish ‘
{ secondary & tertiary
consumers) '

Complex interrelationships between the physical and
 chemical propertles of lckes and the phytoplankton often result
in the development of characteristic communities of phytoplankton
specles, In other words, the overall ecology of a lake or‘pond
may be classified on the basis of the type and abundance of the
phytoplankton present. The type of phytoplaﬁktcn community also
has.direct effects on the types and numbers of pfimary and
secoﬁdary consumers such as zooplankton and fish., Thus the
‘entire aguatic community may often be characterized by its

phytoplankton component.

The probiem of classifying lakes for the purpose of.defining
thelr ecology or productivlfy is one which can be approached |
from a number of different points of view. DMNany of the

‘parameters which may be used to establish a classification of

lakes are interrelated, These include factors such as surface
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areé,_mean depth, temperature'régime;gphytoplénktbn counts and
blomess, numbers of invertebrates, ss well as other factors,
Becsuse of the 1ﬁterre1ationships mentioned, any one of these
factors may be selected as a basis for lake classification with
some assurance of suecess in predicting productivity or defining
general iake ecology. The necessity of such a classification

1s obvious when one is faced with a discussion of over 20 lakes
Inhabited by~sév?ra1 hundred spécies of flora and fauna in all

manner of combinatlons and numbers. Such a classification

‘allows one to observe the general trends in spite of all the

minute differences,

Rather thah devise a new classification useful in a
discussion of the phytoplankton we will rely on one already

described in the physical section of this report: lake thermal

'properties.' This parameter was selected'for a number Qf reasons

but mainly as follows: (1) the thermal characteristics of a lake

are détérmined'maiuly by physicai characteristics such as depth,

‘morphométry, water renewal rate, surface area, and geographic

loéationa (2) the thermal characterist;cs of a lake very often

affect the distribution of dissolved nutrients and oxygens (3)

‘temperature 1s a ma jor environmental factor which affects growth
~and reproduction of both animals and plants. As previously

described four different types or "orders" of thermal

characteristics were observed in the lakes and ponds of Yoho
National Park as follows:

1. Deep, cold thermally stratified lakes-~ these lakes are
relatively unproductive as a result of low temperatures,
thermal resistance to mixing, and the constant loss of
nutrients to the hypolimnion,



I1, Deep, warm, thermally stratified lakes- these lakes
are also relatlively unproductive and differ from the
first mainly as a result of theilr slightly higher
hypolimnion temperatures.,

I1ITA, Deep unstratified lakes~ these are unstratified as
a result of constant winds and/or high water renewal
rates, Thelr relatively high potential productivity
may be modified by hizh water renewsl rates which tend
to remove nutrients and organic materials,

ITIB. Shallow unstratified (polymictic) lakes- these lakes

are relatlvely productive as a result of higher

temperatures, lack of stratification, and high surface

to volume ratios.

within the context of North American lakes, most in the

Park must be conslidered ﬁery unproductive (oligotrophic), and
the remainder only moderately productive (mesotrophic) lakes
(Vollenweider 1968), With this overall Tow productivity of Park
lakes in mind it 1s probably best to think of the productivity
of individual lakes only in relatlive rather than absolute terms.
In classifying'the Park lakes in the four groups as shown above,
the general trophlec characterization ranges from relatively
oligotrophic {unproductive)} lakes in groups I and II to relatifely
eﬁtrophic (productive) lakes in groups IIIA aﬁd IIIB (Figure 46).
As a result of the many different factors which may modify the
productivity of individual lakes, the trophic.character.of 1akes
within each groub_will show some variation. Thus lakes in
group I do not all have the same productivity but show a range.
which refiects individual differences, The same situation also
prgvails 1h.the other groups with a general trend to more
eutrophic condlitions from group I to group IIIB. Figure L7

illustrates morphoedaphic characterlstics which generally

accompany conditions of oligotrophy and eutrophy.




J-5

SBLOLOROUY

BBUONOIURIY

WnguIptaad

ﬂi@
N

Blpouds

BIUD LAY

Bl1s9E43

BTI930T24>

SayjuLUgoy

o tadydayopnasd

oo
e
oal
°
s @ o
=
@

SBUCTOIYOQ

Lo {Ifyda)y

uokIqouyg

B11036TL1350

2G5E0L

57385400407y

E1peAClS Jusy

BTI8BLAEOLAL00

BUGBIE Wy

Sniusapauscyg

L)

s135£00Q

B{USOTONL]

BUESSPOILE (HUY

000T 1
004
009 -
Q04 1

002 1

2

61

2TYdOIFNe BIOY =i

&4

01 £ ez gt var | g1 £z A 0z 41 9¢ w2 &I 6 91 g saye]

€III ad4g VIIT adfg COII eddg I sdig

= = 2TydorqoEITe IOy

[ 0O0T
F 008
009
F 00%

[ 002

0

00T A
00T
00f
001 1

009 1

009 -

rovs g B
007

- 002

- 00E

" 00%

- 005

- 009

*}{IBd THUOTIWN OYOX Ul 6oHW] jo doao
Fuipuele puw *SSBmOTH ‘vIsUal uojquwTdojzfyd JUusUTEG] "9y SINBTI

]

Shuwd

UoueTdog Lyg

(-Tm STTa9)
dolfo Dutpuess
uogRueTdosdyg

g IsqUAl 8Xe]

AM|E Ju)
sE¥mOTq
uoguUBTdOg &g




Freses

shaliowss emergent
vegetation

high P and N

high surfaceivolume ratio

Eutrophic

no shallows: no vegetation

‘ inorganic -
~ deposits
low surface:;volume ratio.

Oligotrophic

Pigure 47 |
Stylized cross sections of typical eutrophic

and oligotrophic lake types. {(from Russell-Hunter

1970)
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Using maximum live phytoplankton biomess values Vollenweider

(1968) classified lakes as follows:

Class _mg phytoplankton m=J
Ultra~-oligotrophic 1000
Mesotrophic 3000-5000

Highly eutrophic 10000

Kiing and Holmgren (1972) summarized the phytoplankton
comﬁunities of some lakes in the Experimental Lakes Area

(Ontario) as follows:

Class mg phytoplenkton m-J
A {large, deep, exposed lakes}) 70-1200
B {small, deep, protected lakes) 1000-3000

C (small, shallow lakes) 1000=-5000

None of the lakes surveyed by Kling and Holmgren could be
considered "highly eutrophic" as defined by Vollenweider (1968),
A simlilar situation exlsts in the mountain Nétional Parks

where lakes are of relatively low productivity,

Phytqplankton taxzonomy

Seven groups of algae were found to be represented in
phytoplankton collections in the Park, Cell structure, pigment.
and morphology are the main characteristics used to differentlate

between these groups.

Division Chlorophyta (areen algae),

This division is characterized by gréss green chloroplasts
ahd e starch-filled pyrenocid body. Species may be unicellular

or colonial and have motile {flagellated) reproductive stages.,

. Forty specles of green algae were ldentified from lakes and ponds

of the Park with 5 species in 4 genera occupying important



positions in some of the lakes where théy were found (Figure

L6), With the exceptlion of Ankistrodesmus sp. in Lake O'Hara,

the green algae were found in high numbers only in the relatively
eutrophicrlakes. From a numerial point of view the Chlorophyta
were least important during the summer months in group I, II,
and IIIA lakes although winter samples often had relatively
high-humbers. The opposite situation appears to be the case

in polymictic (IIIB) lakes where numbers of chlorophyta are high
in summer and low in winter as shown by the samples from South
Narao and Sink ILake (Figure 48)., Very oligotrophic or silty
lakes (Oesa, McArthur, Upper Opabin, Sherbrobke, Emerald) haa

very few or no chlorophyta (Figure 48),

‘Division Cyanophyta (blue-green algae, Plate

The blue-green algae are a distinetive group sharplj delimjited
from other algae in a2 number of respects., They'are the only algae
in which the plgments are not localized in definite chromatophores.
Equally impoftant.are the lack of flagellated reproductive cells
and the total abseﬁce of gametic union in 511 its members

(Smiﬁh 1950),

Alfhough_blue-greenlalgae are found 1nAa'widé variety of
habitéts the& ﬁere absent from deep, thermally'étratified
(group I and II) lakes in the Park, Among the'18-spec1es of
'biue-gfeen algae collected in the Park several were found to
“be numerically important in the more eutrophic (group IIIB)
lakes (Figure 46). |
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Division Chrysophyta (Yellow-green or yellow-brown algae and

diatoms}(

This division is a rather heterogenous assemblage of algae,
Starch is absént, the food substances belng stored primerily
as other carbohydrates or as olls. Silica, rather than celluiose,
is the major component of cell walls, The silica imprégnated
cell wall is generally composed of overlapping halves, The
cells may be flagellated or nonflagellated, and solitary or

united in colonies of definite or indefinite shape,

For convenience this rather large group of.élgae may be
divided into the usually flagellated Chrysophyceae and the
nonflagellated Diatomaceae, Together, the 26 species of
Chrysophyceae and the 60 species of Diatomaceae made up the
‘majority, in both numbers and specles, of the phytoplankton

found in the lakes and ponds in the Park,

Three genera of Chrysophycese formed a signlf;gant'part
of the phytoplankton in éeveral of the lakes examined (Figure 46 ).
Species of Kephyrion, for example, were lmportant 1ﬁ 11 lakes
rénging from the oligotrophic Opabin lakes to the more
eutrophilc Narao{lakes.‘ In general the Chrysophyceae made up
less than 10% of the tétal numbers of phytoplankton in deep,
coid, thermally stratified (1st order) lakes, whereas in most
other lake types they méde ﬁp about 20-70% of the phytoplankton

by numbers,

Among the chrysophytes, diatoms (Diatomaceae) ére rrobably

of greater importance in the energy cycle of natural waters.
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This is especially true in the relatively oligotrophic lakes
in the Park where diatoms frequently dominated the phytoplankton.

The genus Cyclotella, for example, dominated phytoplankton counts

in O'Hara, Oesa, and McArthur lakes (1st order lakes), Similar
high percentages of diatoms were found in other ‘more oligotfophic.
lakes while in the more eutrophic lakes they wére of considerably
less importance and were replaced by Chrysophyceae or other

~groups (Figure 48),

Division Pyrrophyta (Dinoflagellates).

Dinoflagellates are characterlized by thelpresence of two
flagellae, and the formation of starch by chromatophores that
are usually greenish tan to golden brown, DMNost of the
dinoflagellates are unicells, some possessing covering plates

of cellulose while others are naked. Peridinium and Ceratium

'(Figurés 99 and 100, respectively) are examples of. armored types

_While‘Gymnodinium (Figure 98) 15 a naked type

. Bight species of dinoflagellates were collected in the Park.
- Usually they were found in very low numbers and they formed an
;1mportant'part of the phytoplankton in only two lakes (Figure 46),

" Peridinium made up about 14% of the counﬁs‘from_Upper Morning

Glory lLake and about 40% from Lower Opabin Popd (site 13).

Division Cryptophyta (Crytomenads).

This group included unicellular flagellétes with asymmetrical,
compressed cells, surrounded by a firm periplast, and with two

‘flagellae which are slightly different in 1ength.
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Four 6ryptomonad species were collected in the Park and

members of the genus Cryptomonas were found to form a numerically

important part of the counts from Sink and Mary lakes.

Rhodomonas minuta was an important part of the phytoplankton in

% | 5 other lakes (Figure 46}, 1In type I, II, and IIIA lakes where

J winter samples were available (Figures 48), the percentage of
Cryptophyta generally showed an increase over the summer values,

A similar situation does not appear to be the case in the .
shallower type IIIB lakes as exemplified by winter samples fronm
South Narao and Sink lakes. 1In all thé deeper lakes the percentage
of Cryptophyta generally increased with depth during tﬁe'summer

and decreased with depth during the winter,

Division Euglenophyta {(Fuglenodis).

Most members of this division are naked, free-swimming cells
with one, two, or three flagellae. A gullet may be present at
the anterior end of the cell and nearby a red eye spot is

x - usually present,

Only a single specimen of the genus Trachelomonas was

collected in Mid-Opabin Lake (Site 14)., FEuglenoids are most
often found in small pools rich 1nrorganic matter. The presence

of Trachelomonas sp. in Mid~Cpabin Lake indicates this specles

may be foﬁnd in other lakes of the Park under sultable conditions,

A Phytoplankton of lakes in the Park.

" Pirst order (type I) lakes,

In general, the phytoplankton of type I lakes is dominated
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by diatoms during both winter and summer. MecArthur Lake appears
to be the most oligotrophic of the group and has the lowest
nunber of phytoplankton species, cells, and biomass. Lﬁke Oesa
is intermediate and Lake O'Hara has the hlghest wvalues for the

three parameters mentloned (Table 61). As a group the type I

lakes all have their highest cell counts in late summer or

early fall.

tlcArthur Lake, Three species of diatoms and one each of

Chrysophyceae and Pyrrophyta are known to be part of the
phytoplankton of Lake McArthur as a result of ﬁhe samples
collected dnring 1973 and 1974, On the basis 6f biomass and
cell counts fhe diatoms from the dominant group (Table 62 and

Flgure 485),

Lake Oega, PFive specieé of dlatoms and one chrysophyceae
were collected from Lake Oesa during 1973. Phytoplankton
‘.biomass and cell counts were both approximately fiﬁe times
. ~ higher in Lake Oesa than in Lake McArthur (Table 62 and Figure
L ey, | |

Lake O'Hara. Phytoplankton samples from Lake O'Hara indicate

that this lake has the greatest diversity of species and highest
productivity of the three type I lakes examined in the Park.

Diatoms (especlally Cyclotella minuta?) were the most important

group, but this lake also had representatives of other groups
in substantial numbers (Table 62 and Figure 46), As indicated
by Figure 48 the nunmber of phytoplankton cells was generally

g higher with increased depth in both summer and winter mdnths.,
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Table 62, Summary of phytoplankton numbers, biomass, and
related parameters for lakes in Yoho Natlonal Park,

Number Numberl Phyto. Primary Mean (u3)
phyto. phyto., biomass prod. -1 phyto. 2
Lake No., species cells mng m=3 mg C m'3day cell. vol Activity
6 36 837 498 - 594 -
8 5 116 ‘32 - 282 -
9 22 3091 581 10,0 187 0.017
10 22 433 165 21.1 381 0.127
13 8 330 L76 - 1440 -
14 5 98 L3 - hhs -
15 1 1 0.7 - L3 -
1s5A 11 110 56 - 510 -
16 6 691 - 155 - 840 -
17 24 895 301 9.0 330 0.03
18 4 5428 £59 ok,0 100 0.16
19 37 957 214 14,7 220 0.068
20 30 199 42 12.7 210 0.29
22 11 182 96 - 520 -
23 8 74 61 - 820 -
24 i2 226 86 - _ 380 © -
26 17 shg 292 8.2 530 0.028
L2 2h 2018 1756 - 870 -
- L9 9 807 bg2 10.4 590 0.021
hg 25 112 69 10.7 610 D.154
Lo 4o 732 205 26.6 280 0.129

1, Cells m1-2
2. Primary production/biomass



J-17

Winter cell counts were approximately 104 of summer values,

Chariges in biomass closely followed the cell counts,

Primary productlivity (Figure 49) of phytoplankton during
July was roughly correlated with cell counts and was generally
higher with depth. During August, however, the productivity
at 0 and 4 p was higher than at 10 and 16 m even though the
number of cells and corresponding biomass was much greater at
the deéper stations, The lower photosynthetic activity of the
phytoplankton at deeper stations may be explained in part by a
reduction in Secchi visibility In August as compared to July.

The average primary production observed was 10,04 mg C =3 day-1,

Second order (type II) lakes.,

The.phytoplankton of the relatively ollgotrophic second
order lakes was dominated by diatoms while the relatively
eutrophlc ones exhibited a greater varlety of phytoplankton
ETOUPS,. In‘generallUpper Opabin'Lake and Linda lake appear to
he cénsiderablj less productive thén Ross and Emerald, In
second orderrlakes cell counts are lowest in spring and highéSt

in late summer and early fall,

Upper Opabiln Lake.'In Upper Opabln Lake a singiq diatom

was collected indicating a very sparse phytoplankton population
. was present, This lake exhibited both the lowest cell count and

biomass of any lake examined in the Park (Figure 46).

Linda ILake. The dlatoms Synedra spp. and Cyclotella minuta (?)
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Pigure 49, Primary productivity of phytoplankton in lakes
of Yoho National Park,
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dominated the phytoplankton from this lake and were collected
aiong with 10 other species of phytoplankton., A low phyto=~
plankton biomass of 86.5 mg m~3 indicates this lake has

relatively low productivity (Figure 46),

imerald Take. The phytoplenkton counts from Emerald Lake -
during the summer months were dominated by Chrysophycese,

Dinobryon sociale was the most numerous specles, Species of |

Cryptophyta (Cryptomonas sp. asnd Rhodomonas Sp.) were important

in cell counts from deep samples in summer and winter (Figure 48),
A total of 17 species of phytoplankton were collected from
“merald lLake.. The summer cell counts were higher from the

deeper stations but in winter the shallow and deep counts were
very similar.even though the species composition was different

(Figure 48),

Primary productivity (Figure 49) during. early September, 1973,
was generally higher with depth from 0 to 10 m, The average

primary production observed was 8,28 mg C m=> day ~1.

Ross Lake. Phytoplankton cell counts and biomass from Ross
Lake were very similar to the values for Emerald Lake (Figure 46)
although the épécies assemblage was quite different and included

24 species. During the summer the diatom Cyclotella sp. was

. important at all three sample depthas. During the winter the

chldrophytes Chlamydomonas gp. and Ankistrodesmus sp. dominated

~counts., The cell counts and biomass were generally higher atl

deeper stations although the Species_composition was very similar
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at all depths (Figure 48},

Primary production in Ross Lake was generally higher with
increased depth during both June and September, 1973 (Figure 49).

The average primary production observed was 9.09 mg C m"3 day -1,

Déep.thlrd order (type IIIA) lakes,

’

Wapta and Sherbrooke lakes had quite different phytoplankton
-populations (Figure 4R), These differences were most likely due

to differences in light penetration and water replacemment rate,

Seasonal samples from Wapta Lake indicate cell counts are low

: “in June and higher in August (Figure 48),

Wapte Lake, The phytoplankton of Wapta Lake was characterized

by low cell counts and low biomass (Figure 46) but had very high
rates of photosynthetic activity (Table 62), One Chrysophyceae
(Kephyrion Sp.) and two diatoms (Achnanthes sp. and Navicula sp,)

dominated the counts during summer months and were also present

in winter samples., The presence of Achnanthes in the phytoplankton
samples from this‘lake 1s an indicatlion of the holomictic nature

of the lake as Achnanthes is usually sessile and borne either

on gelatinous stalks or with one value apposed directly to the:
‘substrate (Smith 1950)., The holomietic nature of the lake‘as a
result.of high water renewal rates no doubt éauses conslderable
turbulance along the bottom which carries parts of the periphyton

up into the phytoplankton where 1t is eventually lost from the

lake via the kicking Horse River,

L 7 A number of observations on conditions in Wapta Lake may be

sultably explained by the high water replacement rate snd
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holomictic nature of this lake, These observations are as
follows:
1. phytoplankton cell counts are low,
2. phytoplankton biomass is low,
3. 1light penetration is to the bottom and phytoplankton
activity 1s the highest of any lake in the Park,
4, =zooplankton counts are extremely low,
5, benthic invertebrates (mostly chironomids) m~2 are the
highest for any lake in the Park,
6. the percentage of organic material in the bottom mud is
among the lowest for lakes in the Park (Table 62),.
A general account of how these observations may be interrelated
1s as follows: the phytoplankton is subject to removal from
the lake hecause of the high water renewal rate and this results
in both low cell counts and low biomass., Such a small
phytoplankton standing crop would support only a very small
population of zooplankton, Light penetration to the bottom
probably allows rapld growth of the periphyton whlch both supports
the high chironomid population observed and contributes to the
phytoplankton population as a result of scouring due to turbulence,
A considerable amount of the organic material represented by the
chironomids is probably lost from the lake during migration to

the surface for emergence during the flight and mating phase of

. the life cycle; many eggs deposited mey also be washed out of the

iake.' As a result of these losses the accumulation of organic

‘ material in the mud i1s low.

Sherbrooke Lake. The phytoplankton of Sherbrooke lLake was

‘very different from Wapta Lake and was dominated at all depths

'by.the Chrysophycean Dinobryon cylindricum. In addition to the

differences in the specles present, the cell counts snd
phytoplankton biomass were about 4 and 10 times higher,

respectively, than for Wapta Lake, In spite of the higher counts
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and biomass, the primary productivity was about the same (10.46

mg C m=3 day‘l) as Wapta and the photosynthetic activity for the

" phytoplankton was about 10% of the value from Wapta Lake (Table 62),

The striking differences in the phytoplankton of these two
comparatively deep holomictic lakes may be accounted for by the
pregence of sllt in Sherbrooke Lake which limits light prenetration
and the lower rate of water renewal which allows some accumulation

of phytoplankton-even though primary productivity is low.

Sherbrooke Lake has a much more restricted phytoplankton
population with only 9 species present as compared to 30 in
Wapta Lake, Low light intensities are known to favor some
chrysophyceae such as Dinobryon and Kephyrion. This may account
for the dominance of this group over diatoms in the silty

conditions of Sherbrooke Lake,

Third order (polymictic, type IIIB) lakes.

The phytoplankton of the shallow rolymictic lakes 18 highly |
variable and reflects the wide range of conditions in this
group of lakes, Generally, the more oligotrophice polymictic

lakes were dominated by diatoms, whereas in the more euthrophic

lakes Cryptophyté_and Cyanophyta formed an important. part of the

phytoplankton, The phytoplankton counts from_these shallow
lakes were generally high in June and low in August, in contrast

to the type I, II, and IIA lakes.

‘Upper_Morning Glory Lake. This lake had both the lowest
phytoplankton cell coﬁnts and biomass of any of the polymictic

lakes examined (Figure 46), Eight species were collected in the

. phytoplankton with the diatoms Achnanthes and Navicula occupying
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dominant positions,

Mid Morning Glory Lake, Eleven phytoplankton species were

collected from this lake, The cryptophyte RhodOmonas minuta
had high counts as did the diatoms Navicula and Achnanthes

(Pigure 46), Although biomass and cell counts wérq higher than
for Upper Morning Glory Lake they still reflect the general

bligotrophic natnre of this lake,

Mid Opabin Pond (site 14). Phytoplankton samples from this

oligotrophlic pond cantained only 5 specles of algae at low cell
counts and low blomass (Table 62), The low production of the
phytoplankton is likely a reflection of the near absence of

" nutrients as indicated by the pond‘'s low conductivity (Table 8).

Lower Opabin Pond (13). Although ﬁld Opabin Pond is only
a few yards'from_Lower Opabin Pond the ﬁhytoplahkton counts and
 blomagss (Figure 46) of the lower pond were much higher. The |
lower pond is about one-half the depth of the ﬁiddle:poﬁd and
cbnsequently temperatures are higher with little gradient frdm‘
surféce to bottom, Eight species of algae were present including
oﬁe of the few Chlorophyta found in the Park (Tetfaedon minimum).

Cell counts were dominated by Peridinium sp. and 21lsc by Dinobryon

_attehuatum which was found only in the mid and lower Opsabin

ponds and 13 a species known mainly from Aretic lakes {Hilliard
1971) .

Az noted previously the concentration of “issolved major
cations in mid and lower Opabin Ponds very closely resembles
that of rainwater or snow meltwater (Table 7). In nearly all

regpects the morphometry and exposure of these two ponds 1s
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gimilar. Probably the major difference is depth which allows
higher temperatures in the lower pond and no doubt contributes

to much higher productivity of thls pond.

Opabin Pond (154), This small pond is basically a wide

gsection of the creek which drains Upper Opabin lake. The

phytoplankton was dominated by Chrysophyta such as Achnanthes,

Fragilaria, and Navicula, These diatoms are normally important

constituents of the periphytbn of streams and further 1llustrates
the streamlike nature of thie site as pointed out in the

discussion of Ephemeroptera (page E-32) from this pond.

Sink Lake, In spite of a rather diverse assemblagé of 25
phytoplankton speclies, the cell counts and phy?oplankton biomass
of Sink Lake proved to be gquite low in relation to some other
polymictic lakes (F;gure 46), Counts were about twice as high
in June as in August with corresponding differences in blomass.

In June Achnanthes microcephala was the most common alga while

in August Rhodomonas minuta dominated the phytbplankton counts,

Although Photosynthetic activity of the phytoplankton was hilgh,
the overall low numbers resulted in reiativély low rates of
primary production (Figure 49), Grazing by the uncbmmonly high
numbers of crustacea present in the zooplankpdn durlng the
summer moﬁths (Table 54) may account in part for the relatively
low phytoplankton numbers. Low phytoplankton standing'crops and
high photosynthetic rates ln the presence of mdderately dense
zobplankton populations have been documented for similar lakes

in the general vicinity of this study area (Anderson 1974 ),

- Summit Lake. Although in close proximity to Sink lLake,
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Summit Lake was characterized by a much hlgher'phytoplankton
production rate than was Sink Lake (Figure 49), Forty speclies
of phytoplankton were collected from Summit Lake and the

dominant genera included Kephyrion, PSeudokephxgiqn. Achnanthes.r

and Navicﬁla (Figufe 46}, The rate of primary production was
over twice that of Sink Lake and c¢ell counts and bilomass were
also higher (Figure 49)., In spite of the higher phytoplankton

biomass, Summit Lake contains lower numbers of zooplankton than

.does Sink Lake. In general the production of the phytoplankton

" community in Summit Lake appears to be about average for

polymictic lakes in the Park.

Mary lake. Phytoplankton counts and blomass from Mary Lake
indicate that it is intermediate between the oligotrophlc and
relatively eutrophic polymictic lakes in the Park (Figure 46).
The phytoplankton is dominated by the chrysophytes Kephyrion
and Dinobryion. Phytoplankton primary production and éctivlty
are moderately high relafive to other polymictic lakes.

North Naraoc Lake, The phytoplankton of North Narao Lake

was not dominated by any particular group but .contained approximately
equal numbers of Chlorophyta, Cyanophyta, Diatoms, Chrysophyceae

and Cryptophyta (Figure 48), 'Moderately high cell numbers and

' biomass indlcate this 1s one of the more eutrophic polymlectic

lakes (Figure 46).

. South Narao lLake, South Narao Lake had the highest

phytoplankton cell count and highest primary produétion of any
lake in the Park (Figure 49), A high rate of turnover in the

phytoplankton is indicated by the high primary productivity, low
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mean cell voiume, and relatively low biomass (Table €2),

This lake supports moderately high numbers of crustacean
plankters and higher numbers might be present were it not for
the very small size of the phytoplankton cells present., The
; ;é ' high cell counts, primary production, and accumnlation of
o organlic materials in bottom sediments as indicated by the
asking weight loss (Table 62) all reflect the relatively

- eutrophic nature of this lake,

Ottertail Lake. The phytoplankton of Ottertall Lake

probably undergoes many changes thfoughout the summer'aé a
result of temporary connections with the Kicking Horse River,
Whén examined during August, 1974, Ottertaitl Lake had 37 specles
of algae with a fairly high cell count at 837 ml-l. Aééuming
this lake foliows the seasonal trend demonstrated by other
polymictic lakes even higher counts may be present earlier in
the summef. The dominant species collected were blue-green

algae (Cyanophyte) including Oseillatoria sp., Merismopedis

elegans, Gomphosphaeria lacustris, Nostoc paludosum, and

Anabaena sp.,

Duchesnay Iake. Duchesnay Lake had high phytéplankton

ceil,counts and the highest biomass of any lake examined in the
Park (Figure 46). Chrysophyceae and Cyanophta Jominated the

phytoplankton (Figure 48) and included such species as Ochromeonas

Sp. and Mierocystis incerta. The high standing crop of

phytoplankton exists in spite of the grazing pressure of the
densest zooplankton populations determined for lakes in Yoho

National Park, The shallow nature of this lake coupled with

o - the high heat content contributes to the high productivity of this

lake which is the most eutrophic of those examined in the Park,
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Plate 6, Phytoplankton of Yoho National Park: Chlorophyta.

Figure 1, Carterla sp.
2. Chlanmydomonas &p.
3. Sphaerocystis schroeteria
L4, Ankistrodesmus falcatus
5, Ankistrodesmus spiralis
6. Dictyosphaerium pulchellunm
7. Lagerheimia ciliata
Iy 8, Lagerheimla longlseta
o 9, Lagerheimla quadriseta
10. Nephrocytianum agardhianum
11. OCocystls borgel

Plate 7. Phytoplankton of Yoho National Park:; Chlorophyta.

Pigure-12, Oocystis crassa

13. Cocystis eremosphaeria
1 14, Oocystis parva
L 15, Oocystis nr, arcticus
16, Schroederia setigera
i 17. Tetraedon minimum
&3 18, Coelastrum microporum
19. Crucigenia irregularis
20, Crucigenia quadrata
21, Crucigenia rectangularis
22, Scenedesmus bujuga
23, Scenedesmus brasiliensis
24, Scenedesmus denticulatus
25, Scenedesmus obliguus
26, Scenedesmus quadricauda

" Plate 8, Phytoplankton of Yoho National Park: Chlorophyta
and Cyanophyta.

L . Pigure 27, Pediastrum tetras

: 28. Ulothrix subconstricta
29, Cosmarium tenue
30, Cosmarium bioculatum
31, Staurastrum bienneanum
32, Cosmarium nr. subcucumis
: 33, Chroococcus minor
L 34, Merismopedia glaueca
384, Merismopedia punctata
36, Merismopedia tenuissima
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Plate 9, Phytoplankton of Yoho National Park: Cyanophyta
and Chrysophyceae,

Plate

Figure 37.
38,

39

Lo,
b1,
h2.
43,
bl
bs,
46,
47,
48,
49,
50.
- 51,
52,
53.
54,

Microcystis incerta
Arthrospira jenneri
Oscillatoria geminata
Oscillatoria limetica
Oscillatoria rubescens
Bitrichia chodatil

nr. Lagynion sp.
Chromulina sp.
Kephyrion sp. A
Kephyrion sp. B
Kephyrion sp. C
Kephyrion littorale
Kephyrion obliquum
Kephyriopsis sp.
Stenocsglyx &D.
Qchromonas sSD.
Chrysolykos planktonicus
Chrysolykos skujae:

10. Phytoplankton of Yoho National Park: Chrysophyceae
and Diatomeae,

Figure 55,
56,
57
58.
59.
60.
61,
62.
63.
64,
65.
66,
67.
68,
69,
70,

Dinspbryon attenuatum

Dinobryon cylindricum

Dinobryon sertularia

Dinobryon soclale :
Dinobryon sociale var. americanum
Pseundokephyrion sp.
Pseudokephyrion hiemale
Pseudokephyrion parvum

nr. Monosiga varlans

Cyclotella minuta (?)

Cyclotella ocellata

Diatoma hiemale var, mesodon
Diatoma wvulgare

FPragilaria brevistriata
Fragilaria brevistriata var, capitata
Fragilarla construens
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Plate 11i. Phytoplankton of Yoho National Park: Dlatomeae.

Figure 71,
72.
73
74,
75
76.
77
78
79.
80,
81.
82.
83.
84,
8s5.
86,
87,

Fragllarla crotonensls

Fragilaria pinnata

Hannea arcus

Synedra acus

Synedra radians

Synedra ulna

Achnanthes exigua var. heterovalvata
Achnanthes flexella

Achnanthes lanceolata var., dubla
Achnanthes linearis (nr var, curta)
Achnanthes microcephala

Achnanthes minutissima

Cocconeis placentuls

Amphipleura pellucida

Diplonels puella

Diploneis elliptica

Navicula elginensis

Plate 12. Phytoplankton of Yoho National Park: Diatomeae
and Pyrrophyta.

Figure 88,

89..

90.
1.
92.
93.
9k,
95
96.
97.
98.
99.

Navicula menisculus var, upsallensis
Navicula radiosa
Neidium binode
Gomphonens acuminatum
Gomphonema olivaceum
Cymbella affinis
Cymbella ventricosa
Rhopalodia gibba
Nitzschia palesa
Nitzschia signa
Gymnodinium helveticum
Peridinium inconsplcuum

Plate 13. Phytoplankton of Yoho National Park: Pyrrophyta,
Cryptophyta, and Euglenophyta.

Figure 100,
101,
102,
103.
104,

Ceratium hirundinella
Cryptomonas erosa
Cryptomonas ovata
Rhodomonag minuta

.Trachelomonas nr., pulchella

3-34
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AQUATIC RESOURCES: A SUMMARY

Composgition of some representative communities.

The physical, chemical and bilotic parameters examined during
the present study reveal a wide diversity in the types of
aguatic communities available in the Park, In summparizing
the informstion on these communities it 1s of interest to compare
lakes which are representative of the communites in the Park.
As noted in the discussion of phytoplankton the trophle levels
of lakes and ponds in the Park are all of a relatively
oligotrophic (unproductive) nature when compared to other water
bodies in North America. Three lakes which demonsgtrate the range
of trophic conditions available within the Park are MeArthur,

Emerald, and Duchesnay.

McArthur lLake is one of a group of extremely oligotrophlce
lakes in the Park, Oesa, Upper Opabin, and Upper Morning Glory
lakes are all similarly unproductive, McArthur Lake exhiblts
the classlic morphoedaphic features indicative of low productivity
ag illustrated in Pigure 47 (page J-6)., Characteristics such
as low surface: volume ratio, lack of shallows, no macrophytic
vegetation, and low temperatures all contribute to low productivity.

A mean depth of 25.6m and very low total dissolved solids also

_ indicate low productivity (Table 63) when expresszed in the form

of a morphoedaphic index as described previously.

The biotic communities of McArthur Lake and other highly

oligotrophic lakes in the Park also reflect the morphoedaphlc

| conditions described above, The planktonic and benthic communities



Table 63. Summary of benthic, zooplankton, and phytoplankton
biomass for lakes in Yoho National Park. The
morphoedaphic index (TDS/mean depth) is also given.

Benthic Zooplankton Phytoplankton Morphoedaphic

Lake No. g m~ ng m~3 mg m=3 index
6 h,3 45,0 498,9 16.4
7 6,0 131.0 - -

8 3.6 227.0 32.8 2.4
9 10.7 532,4 581.9 2.6
10 2.1 2394,0 165,.6 23.0
13 12.9 780.0 L476.1 L,o
14 1,7 401.8 k3.5 9.0
is 0,2 384,4 0.7 79
15A 1.9 8,8 - 67.0
16 7e7 235.8 155.1 3.8
17 6.4 uho .8 301.4 14,6
18 56.3 1186.4 559.9 hi.6
19 Li,0 B2.6 21bk.,2 157.0
20 21.5 3.0 k2,2 20.0
22 2.5 0.0 96,6 46,6
23 3e2 40,6 61,7 35.5
24 0.2 3.8 86.5 23,0
26 21.5 318.6 292.3 6.5
L2 6.6 55104 1756,4 8.8
Y 11.6 62.4 482,0 24,7
ug 16,9 10692,0 69,1 7.l
L9 L2.1 2439,6 205.0 125,0
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are low in both numbers and biomass (Table 63}, In general, the
sparse phytoplankton is dominated by diatoms such as Cyclotella

sp. Diaptomus arcticus is the main zooplankter while the chlronomid

Tanytarsus sp. 18 characterlsgtic of the benthos,

Emerald Lake is an example of lakes in the Park with an
intermediate level of productivity. Morphoedaphic features
between the extremes shown in Figure 47 allow a moderate level
of productivity when compared to other lakes in the Park., Lakes
of a similar type include O'Hara, Linds, Ross, Wapta, Sherbrooke,
and middie Morning Glory. Within this group, of course, there
is a wide range in productivity, although théy a11 exhiblt similar
morphoedapic features., An average surfaces; volume ratio, presence
of some shallows and macrophytes, and average TDS values all

indicate higher levels of productivity,

The chrysophyceans Dinobryon and Keghxrion are characteristic
of the phytoplankton community of Emerald lLake. The zooplankton
usually containg a wider range of species then is found in the
lakes of low productivity and very often no particular speciés

1s dominant. Chironomids such as Procladius and Tanytarsus

dominate benthic samples but other 1nvertebrates such as
oligochaetas and pelecypods (small clams) are also found. Most

of the lakes in thls second group support fish populations,

The last, and generally most productive, group of lakes
included those shallow lakes with high surface: volume ratios,
mud high in organic content, extensive maserophytes, and high
tenmperatures, This gfoup includes Sink, Opabin Ponds 13 and 14,

Mary, Summit, Ottertaill, North Narao, South Narao, and Duchesnay,.
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Again, these lakes show a range of productivity levels although
ag a group they have similar morphoedaphic features, Duchesnay
Lake is fairly representative of this group. Its shallow depth,
high TDS values, and high temperatures result in a large
phytoplankton population dominated mainly by the cryptophyte

Rhodomonasg, Both the zooplankton and benthic communitles include

a large number of specles with relatively hlgh biomass values.
Most of the lakes in thils group are subject to winterkill and

consequently cannot sustaln natural or introduced fish populations,

The Yoho Lakes on the whole, tend to resemble small arctie
"thaw lakes" of northern Alaska in terms of mean temperatures
and annual productivity of‘phytoplankton and benthic communities
(Livingstone, et al., 1958). The blological communities of arctic
and alpine or subalpine lakes are relatively simple, In a
temperate lake you nay find several dozen specles of fishs in
lakes of higher latitude {or altilude) there may be only one,

A similar situation exists for benthic, phytoplankton; and
zooplankton communities., Generally there are one or two dominant
gpecles in each community. It is generally believed that these
simple systems are somehow "more fragile" than more complex
commmitiez, Perhaps this bellief derives from the theory that
diversity confers stablility on ecosystems (Rigler 1974).. Rigler
et al, (1974) have pointed out there is no sign of gross
instabllity-as indicated by violent fluctuations of population
size from year to year-that might be expected in simplified
ecosystems, Serious changes in stability of the ginmple natural

ecosystems, as a result of unnaturasl nutrient enrichment, can and
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do occur (Schindler et al, 1974), The essence of the eutrophication
problem is to determine the effect of added amounts of nutrients
on standing crops and the general ecology of recelving lakes.
Experiments designed to quantify these effects are underway
(Schindler and Fee 1974) although at present an index or formula
useful in describing tﬁe "fragility" or'barrying capacity" of
natural waters l1s unavailable,

Assuming that fragility is related to diversity and
diversity is related to productivity, the lakes and ponds in
the Park may be classified as to thelr relative abllity to
withstand unnaﬁural nutrient enrichment, In general, the levels
of phytoplankton numbers and biomass shown in Figure 46 (page J-5)
probably reflect the relatlve "fragilityﬁ of the Park's lakes
and ponds. The more olligotrophic lakes and ponds would probably
undergo greater change as a result of unnatural enrichment than
the more eutrophic ones, Again, it iz important to stress that
all of the lakes and ponds in the Park are of a relatively |

ﬁnproductive nature and would suffer from unnatural nutrification,

Productivity of Park waters relative to fish preoduction.

Lakes. Calculation of theoretlical fish production on the
baglis of information on benthic and phytoplankton communities
may be done in a manner similar to that considered in the
discussion of zooplankton.' Many of the same limitations which
mst be taken into consideration when predicting potential fish
production from zooplankton biomass-also apply in sgimllsr estimates

from phytoplankton and benthic invertebrate biomass (see pages
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F-34 to F-~37), With these restrictions in mind, the potentisal
fish production which might result from utilization of the
phytoplankton primary production and benthic invertebrate
production was calculated and 1s presented in Table 64, In
reviewing the fish bilomass which may potentially exist in lakes
jn the Park one must keep in mind the values presented are
meximum theoretical values and in most cases a much lower fish
biomass might reasonably be expected, Examination of the data
in Table &4 indicates some lakes in the Park would produce very
little (less than 10 kg ha~-1 yr"l) in the way of fish biomass.
These lakes which are lowest in potential fish production are
ag follows:

Ottertail

MeArthur

Middle Opabin (14)

Upper Opabin (15)

Lower Opabin (15A)

Oesa

Lower Morning Glory

Linda

Sherbrooke
With regard to potential fish production all of these lakes
appear to offer very little, Furthermore, relatively intense
stocking of fish over long periods could result in decimation
or elimination of populations of potential food organisms
because of (a) slow growth rates and regeneration times and
(b) absence of cover or refuge from predators.

The next most productive group of lakes (10-20 kg ha=1 yr=-1}

includes: 0'Hara

Mary

Opabin (13)

Ross '

North Narao

Wapta
Duchesnay



K-?

*EUCTIBIROTED I0J #§ PTGBL 3585 'y
*ADUBTIJ® QT4A0Id iy

YaIM S5BWOTQ YSTJ ©1 D93I9AUOD ST S5pm01q Jeansuod fiwwisd 5303 saznssy -
*LoUITOTise

otydoas ¥g Y3ta Jsunsuod LIiewiad of BTQE[TwAR ST Ueijonpold [BI0} SIWNSSY °

*£9 147708 DoJEUTIS? pPLY SSBWOTQ U0 PISEQ S8I¥TTISa ajeaTpuy () °

*fouatotiye oTydods ¥8 HITM YSTJ 03 9TQWIIBAE ST uoyjoanpotd 16103 SOTRSSY °
Iayqo X0} 5°T1 o3 Teabs piw

sIequnil PINGUOITYY UT YPTY SeysL 0] Q'z ©3 Twubs *xoadds o%3sa g/q SeENSSY *

o s

-

$61 039 0401 2ET  TOLOT (7 £t 4 on81  THE 002 €9€ 969 ST 8 A Ty 200 22LT 621 eyei ad ysiy (punod wv
Hqge JO Iaqund *aintz
9°€E 0'EC  0°I9T 16 0°986 "0 0°z  0°T  S°4Ilg '8¢ G'IE 9r0L zeos 'O T'T 0% 6% 4wl 0°L0T 9%ER sY8T_ 23d 33
*poad ysiJ °"OTE0 [530L
0°22 070E  B'9 64T T*0Z  2'0  L°T  40°0  T4T 0'9T g4y €T 46 T'T 0'T 9@l g'ST gréT 075 gl ) 1-24 7.8y 5%
‘podd ysiJg *oTwo IBI0L

s201N008 TLY
26 0'nz 2@ £°7T 9°TF 2T 4'0 9°0  0'0 S0 26T B g€ O°T 40 9%z #tqT  47ST 9°C  g'¢ 16 1=BY 53 5901003
*TdOOZ F IsNnNEUOD AIWATJII
moxy *pold Ysiy *ainbe usay
6'L  &'9x L0 9°0T 96 10 T°0 - 0°0 20 2T S°IT 6°C 61 a0 LA 56  1'BT &4 10 T-I8 gond =R
.wSm oTquL} ‘poxd ysiy tafnbz

couxnmﬁn00N.
Sz §'T 6°C  IT L'CT 4tz TUT €°T 2§ 6°0  9tdz 9'S  €'E 4T'0 %*0 #ty £°€ 06T 170 079 Cnsalll St e
.m.uonn YSTI *atabs
f'gE 96T 6'gy  HLLT 2'2LT 2UOE £°4T g9 €99 %*2T TUGHE S04 H°TH  1I°2 0*g T*65  S*'TH  9*8BT +#°% L FA T-af 3-®d I *poxd
.:noaﬂm:ou Jemtad o165
6°90% £79HZ  0°2T9 §°9T2Z 9°€STT 8'BLE  0°64T E£°0T2 49T 0°9ST 9NTEH 4'ImE B'ATS 6°92 429 B'ERY 0°6T6 674562 291 O'nub 1-34 184 =3
, spoxd TYRLUW 218D
6°92 L°0T 401 (0°802) 2°8 (4'4) (€°4) (#°TT) 4’21  L'wT o6 076 1€ 90'0  ({T'S) (0°98) T'IZ  0°0T (9°0) (0°65) ppdup gm0 3%
‘m.ﬂnu& Lavmyad

WoINUB 140344
8'9T 9°9 9w 9z S T'0 2'T 0°T 24T 9°4T  0'6n IS TI*9 @' 90 €01 g0 &' 4T 4€ =34 pom S
-z "POId USTJ ATRDE
0072 4°CE  §°45  §*2€  §°40T T'z  0°9T  S'ZT  0°G1Z 0°022 0'€YS $'49 #t44 O°T S8 0'62T LTOT  LTES SULT 0%ty 1-14 (-®d Sy ‘pod
. (2TUIUSQ STAVTIVAS "OTHD
1'z4 6°91 91T 99 G 12 2'0 z2'C Sz ¢ 1z 0"yt €95 79 AT Z*0 AR -6*21. 1°'2 FASI) 9*€ £y 2-8 & SATATLE
. OTRIURY JO JYSTOM Uy

sojuUag
64 BN i 24 92 e £z 2e .02 61 81 PA 91 £1 _Ht £1 0T - 6 8 g uct3onpoxd
gaye] JO aoanog

's90In0s uojjuetdooz puw *ucgyusTdozfyd ‘ofyzueq weal I
PISTL 1e0T30I08t4 JO UOTIVINOTHO U paseq 8T L37AT300poad [
syaed [BUOT3BN OUCX JO Sax8] UT uotgonpodd ystrj T[WF3uUajod ‘9 214l !

1 JRn A Bt

e e s s degeas:




K-8

Opabin {13) has only a small surface area which would allow
only a total of 3,8 kg fish production in the entire lake,

Thig amounts to less than 17 fish at 225g (%2 pound) eaeh., Ross
Lake (at 13.6 kg ha~l yr-1)} is one of the least productive lakes
in this group and its total potential production of 81.8 kg
must be congidered marginal., Lake O'Hara 1s the only lake in
thisg group with a naturally reproducing fish population
{(cutthroat trout) and 1s the only one likely to maintain a
gstable population over long periods of time, The alternatlve
value of lakes in this second group as examples of unproductive
natural communities must be welghed carefully against rather
marginal short-term benefits associated with sport-fish
ntllization,

The last group included those lakes with a potential fish

production in excess of 20 kg ha-1 yr‘l. These are:

South Narao

Emerald

Sink

Summit
On a per unit of surface area basis Emerald is the least
productive of the group, although its total surface area results
in a relatively large potentlal production for the whole lake
(Table 64), Although the four lakes listed above have the
highest potential fish production in the Park their productivity
18 low when compared to some other North American lakes.

Chapman (1967) lists several Canadian lakes where actunal

salmonid production ranges from 50-100 kg ha~1 yr-1,

It 48 of interest to compare the theofetical potential fish

prodﬁction with data from recent stocking records as shown below:
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Mean No, of fish No, of Calec, Max. No,
Lake introduced per year years stocked 225g fish prod,
stocked (1964-1973) (1964-1973) per year
Ottertail 750 2 120%
McArthur 10000 2 1722%
Mary 2625 2 Ll
South Narao 522 L 200
Wapta BQE8 7 1840
Morning Glory (22) 3500 2 Vad
Linda : 2100 i 23#%
Emerald 25811 g 10391
Duchesnay 4000 2 232%
Sink 1795 10 1070%*
Summit 600 5 195
Ross L3500 L 363%

On this basis.it,is apparent that some of these lakes have been
grossly ovérstbckéd (#*) whereas only one has received fish at a
rate compatible with calculated potential productivity (¥*#*), the

remaining lakes have:been slightly overstocked,

Streams., The potential fish biomass which could be supported
by streams in Yoho National Park was calculated to give some
indlcation of the relative productivity of Park waters, The
avallablility of benthlc invertebrates as food items has been
shown to be dependent on the drift of these animals downstream
(for review see Mundie 1974). The bulk of the aguatic organisms
drift at nights therefore, many items may not be visgible to
fish (Tanaka 1970). On the basis of evidence that large quantities
of drift leave rlivers permanently, it 1s c¢lear that muech of the
potential food is not eaten by fish in streams (Mundie 1974).

In the calculations of potential fish blomass in streams, certain
assumptions have been made: production; blomass ratios for benthic
invertebrates are near 2,03 all production in excess of

maintenance requirements is avallable for consumption by fish;
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a 100g (less than 4 oz,) fish requires approximately 0.96g per
daey at 5°C for maintenance (see Feldmeth 1973), The calculated
values shown in Table 65 are very likely in excess of the actual
blomase which the streams can support, The relative productivity
of each gite can be determined from the mean biommss figures
(m~2) for the benthic fauna, The number of fish which any
particuler 100m section of stream may support 1s directly
proportional to the width of the stream, all other factors

being equal. It should be remembered that the calculated fish
carrying capaclty of streams 1s a maintenance value only and

does not include any allowance for growth. On the basis of the

'age-length relationship of fish collected in certain streams

{see section G) it is reasonable to assume that much of the

food 1s utilized for maintenance only.

Summary of limmoclogical studies (1973-74).

1, EBxtensive limnological investligatlons were conducted on
22 lekes in the Park and some data is provided on 20 other
lakes in the Park.

2., Limmological investigations were conducted at 30 stream
sites in the Park,

3. Field and laboratory investigations included: benthic samples,
shoreline survey, shore trawl, phytoplankton, zooplankton,
macrophytes, fish, fish parasites, sounding, primary production,
water chemlstry, water temperature, pH, conductivity, and light
renetration. _

4, Lakes, ponds, and streams in the Park were found to exhibit

a Wlde diversity of morphological types,
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Table 65, Calculated potentiel fish carrying capacity of
streams in Yoho National Park. Calculations are
. based on benthic blomags, approximate stream width,
L and consumption of 0.96 g day-l wet weight of benthic
¢ ] invertebrates to maintain a 100 g fish at 50C (see
FPeldmeth 1973). See text for discussion,

Stream Benthic Approximate streanm No. of 100 g fish

gite biomass width maintained per year
£ m~2 m in 100m stream section
102. 3,88 13 14
104 1.03 25 7
106 1.73 100+ Lo
107 0.73 12 2
108 1.23 21 4
109 0.96 18 5
110 6,28 18 31
111 1.19 19 6
112 2.12 100+ 60
113 1.06 2 1
¢ 114 0.50 20 3
o 1158 6.20 10 18
’ 116 3.63 6 6
117 5.50 6 9
118 7.09 100+ 202
119 2,69 23 17
120 3.55 24 24
121 2,67 10 7
122 1.40 6 2
123 2,28 8 5
124 2.05 5 3
128 4,58 9 11
126 Lh.67 10 13
. 127 3.37 '8 7
; 128 £5.15 L 6
129 2.38 3 2
130 2.15 6 3
132 3.60 by L
§ 133 5.15 2 2
134 1.79 1 1
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5, Chemical limology of Park waters 1s described and discussed,

6, The taxonomy, specles composition, numbers, and distribution
of benthic, shoreline, phytoplankton, and zooplanktonl
communities are desc;ibed and discussed. The biology of
fish species collected in the Park is described.

7. Lakes and ponds in the Park are élaésified on the basls of
thermal properties, trophic levels, phytoplankton communities,
:zooplankton communities, and potential fish pfoduction.

8. Whenever possible the information collected is compared
with data from other mountaln National Parks,

9, The biotie communities of the Park were generally found to
be relatively sparse and the lakes oligotrophic, although a
falrly wide range of habitat types was observed.

10, General levels of productivit& were conmparable to those
characteristic of many arctic lakes, Slow growth rates and
lung generation times characterize such oligotrophic waters.,

11, Among the various physical, chemical, and biological parameters
for which quantitative data were gathered none proved to be
a good consistent overall indicator of lake productivity.
Although there were general relationships among bilomass
measurements at the different trophic.ievels in the lakes, the
relationships were not entirely clear and there were a number
of slgnificant exceptions,

12, No single parameter emerged as the best all-round indicator of
potential sport-fish production. There was good correlation
between phytoplankton standing crop and primary production as
determined by the 1"*C technigue, and one of these measurements

could be ommited from future studles without seriously hampering
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productivity estimates. Although phytoplankton identifications

and counts are more time consuming than primafy production .
measurements, data from phytoplankton are more useful as indicators
of nutrient status, food avallsble for zooplankton, and

general community type,

13. Analysis of benthic mud samples for organic content provided
1ittle insight into lake blology, although often interesting
Ifrom a speculative point of view,

14, The variabllity and lack of consistency among parameters that
might have been useful as productivity indicators is due mainly
to the wide range of altitudinal, morphometgic, silt-loading,
end water renewal-rate differences in the rather small number
of lakes investigated,

15. The fish in Yoho National Park waters generally had very slow
growth rates, much lower than many other mountain lake and
stream studies indicate, and in many cases as low as the rates
reported anywhere in the literature,

16, The prediction of a maximum sport-fish carrylng capacity was
possible, although the reliability of yield estimates through
gome form of morphoedaphic or other index depend on some
actual fish-yield data. Such datsa are'difficult to gather from
small, unproductive lakes without decimating or even eradicating
the fish populations,

17. Optimum sport-fish production estimates from a National Parks
point of view are difficult to make; the estimated potentials
made in this study attempted to show concern for the maintenance

of natural communities,
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18, Prerequlsits for moderate to high sport fisheries production
in lakes seem to inelude a well-deveioped littoral zone with
macrophytes and a well-developed benthic community; usually
'éssociated wifh high shoreline development {i.e., high

.perimeter-to-area ratio), variable basin morphometry,
.moderately warm temperatures, and at least 6 months without
lce~-cover, Few lakes in Yoho National Park satisfy any of

these requirements.,
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"ANNOTATED BIBLIOGRAPHY

Anderson, R.S..1968,.A brief survey of some lakes in Yoho
National Park, Canadian Wildlife Service, Manuseript Report,

k5pp.

Morphometric data, water chemistry analysis, fish activity,
stocking records, and results of observations on zooplankton
communities are presented for tem lakes and ponds in Yoho
National Park. A large variation in morphometry, water chemistry,
and blotic comrunities was observed in the lakes and ponds
studied. Suggestions are made relative to fish stocking in the
various laskes and ponds included in the study.

Anderson, BE. S. 1970. Limological studies of high altitude lakes
in Western Canada, VIII. A survey of some alpine and subalpine
waters in Northern Yoho National Park, Canadian Wildlife
Serviceu Manuscript Report 25pp.

The classification of mountain lakes on the basis of
elevation and terrestrial plant communities is presented and
discussed, The author suggests six vegetational belts {(alpine,
treeline, subalpine, montane, colline, and planar) are useful in
clagsification of lakes in Western Canada. The ten lakes
examined in the study were in alpine, treeline, or subalpine
zones, Morphometric data, water chemlstry analysis, and results
from plankton collectlons are presented in tabular form. The
data collected indicates the lakes examined were low in
productivity and supported rather simple biotic communitles. The
author suggests it 1s desirable to allow these lakes to remain
in =2 pristine state,

e PR - S I T e

Anderson, R. S. 1970, A report on the o0il spill into the Kicking
Horse River. Canadian Wildlife Service, Manuscript Report, 28pp.

This report provides an assessment of possible ecological
damage caused by an o0il spill from C. P. Rail waste ponds on
August 21, 1970. Conditions contributing to the accldent, as
well as clsanup operations, are documented, Long-term eco=-
logical damage to the river was thought to be slight dues to
a number of fortunate circumstances, The author makes several
recommendations for preventing or limiting damage in future
accidents of this type. Recommendations include: assessment
of potential problem areas, inventory <{ equipment and
personnel needed to cope with such problems, designation of
a*pollution control officer", establishment of contingency plans,
and a policy on dissemination of: official statements for publiec
informstion in the event of such accidents,



Anderson, E. S., and D. K. Krochak. 1972, Report on a preliminary
survey of the distribution and abundance of coliform bacteria
in natural waters of the Western Canadian National Parks.
Canadiar Wildlife Service, Menuscript Reports, 60pp.

Emerald Lake was the only lake in Yoho National Park
examined during this study. ¥Laboratory results indicated

: water was of doubtful quality, but no faecal coliforms were -
oy detected on the three sampling dataes,

Robinson, L. J. 1972, A survey of water gquality and stream
invertebrate communities in the vicinity of lLake Loulsge and
Lake O'Eara during the summer of 1971, Canadlan Wildlife
Service, Manuserlipt Report, 52pp. , -

SR T Difficulties in assessing the effects of enrichment on

o highly oxygenated mountain streams are dilscussed. The suthor
suggests water chemistry data in. combinaticn-with. speclies
diversity and other biological parameters may be useful in
assessing ecologlical damage, Data on the lnvertebrate
commmities and water quality collected from six stream sites
. near Lake O'Hara is presented in figures and tables. Nutrient
£ levela in the Lake O'Hara area were generally lower than in
ILouise Creek (BNP), although some enrichment was indicated,
The anthor suggests prevention of further enrichment may be
possible if the Summary of Sanitary Survey (Wishart 1970)
recommendations are followed,

-

" Schultz, F. H. 1953, A limhoiogical study of 1akeé and streams
in Yoho National Park. Canadian Wildlife Service,
Manuscript Report, BOPP,

A general limmological survey of 17 lakes and 6 rivers
was carried out from July 17 to September 10, 1953. General
. descriptions and some morphometric data are presented,

a OCbservations on success of previous fish stocking programs
ag well as recommendations for future stocking are included.

Ward, J. C. 1974, The fishes and their distribution in the
mountain National Parks of Canada, Canadian Wildlife Service,
Manuscript Report, :

Using a series of maps and tables this report documents
the early history of fisheries in the mountain National
Parks, A master map of water bodles in Yoho National Park
is presented along with fish distribution maps.,




Ward, J. C. 1972, Two decades of fisheries management in the

mountain National Parks. Canadian Wildlife Service,
Manuseript Report. 216pp.

A general review of stocking history and philosophy are
presented, Park waters have been grouped accerding to
stocking reguirements. The following groups are used:

(A) lakes where reproduction is not adequate and therefore
require intermittent stocking, (B) lakes requiring some
stocking every year or two, (C) lakes requiring annual
stockinz, and {D) lakes which require further investigatlion
for proper fish management. Some lakes in Yoho were included
in each group.

Wighart, S. 1970, Summary of sanitary survey of waste disposal

facilities and recelving waters, Yoho National Park., Publie
Bealth Engineering Division, Vancouver, B. C.

. A sanitary and bacteriological survey was carried out fron
August 19 to August 25, 1970, in the vicinity of Emerald and
O*Hara lakes, and the Kicking Horse River, Results indicated
sewage disposal methods in use were not satisfactory,
producing aesthetically displeasing situatlons and a health
hagard to park visitors. Detalled recommendations were made
for substantial changes in the sewage dlsposal methods in

the areas studied in order to allow effluents to meet the

minirum requirements of the water polluntion control and
abatement program for federal facllities,
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DATA

Introduction.

Volume ITI of this report contains a compilation of
data collected in fleld and laboratory studies, The data
are grouped by collection site number: lakes first, followed
by streams, For each site the reader will find the data

presented in the following order:

Map~ 2 map for each lake site i3 presented and shows the
1oéation of benthic, shoreline, trawl, and fish
collection sites. Depth contour lines are shown for
lakes which have been sounded,

Locality information- data on the location of each site
are presented along wiﬁh basic morphometric:
snformation

Collections- a list of collections made at each site 18
given, |

Temperature data- water temperature by depth (m) is
presented for lakes, -

Invertebrate samples~ a 1ist of species and numbers
collected from benthic, shoreline, and trawl samples
in lakes or kick samples in streams is presented (data
on Crustacea and Rotifera is in section F of this
report), The counts for invertebrates are reported as
followss

- Dredge samples- total number collected from two
drops of the dredge

Shoreline samples- total number collected in 30
minutes



Trawl sample- number collected in near-shore trawl,
Kick sample- number collected by kicking a 0,2 m—2
section of substrate for 30 seconds,

Mn

Phytoplankton- a list of phytoplankton species and

,,mr.“,_..-,
[ Py

numbers m1~1l is given,

[

Following the data for individual sités a list of fishes
collected and their length, weight and sex is presented
(page N-141),

A speciés list of all phytoplenkton, macrophytes, benthic
invertebrates (see section F for Crustacea and Rotifera), and

fish 1s presented begining on page N-146,

N-2
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OTTERTAIL FLATS LAKE

LAXE NO, 6
SCALE METRES

0. ' 50

@ = COLLECTION SITE
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Locality OTTERTAIL FLATS LAKE (Unoffical name)
Site nuaber 6
Grid refererce 11U/NG289827
Elevation (metres/feet) 1118/3668
Altitudinal belt montane
Maximum depth {(m) 1.5
Surface area (hectares) L.,o
‘Sampling date ANII1/ 70
Collection number {(999-) 153
Time _ 1400
Air temverature (°C) 21.0
Sky cloudy
Snow cover (m) -
Ice cover (m) -
Seechl disk (m) 1.5+
pH -
Conductivity (@25°C) 282
Samples collected
Kick -
Dredee X
Phytoplankton X
Macrophytes X
Zooplankton X
Shoreline -
Shore trawl -
Fish -
Primary production -
Water chenmistry -
Stream flow -
Water temperature m °c
' 0 21.5
1 21.5
1.5 21.5



Cttertall Flats Lake (Site &)

Summary of benthic invertebrate samples (numbers collected)

Coll. number 153
Sample type L1
Devth (m} 1.5
Total wet
welcht (=) 0.2
Cligochaeta
Tubifex sp. 2
Hirundinea
Helobdella stagnalls ?
Amphipoda
Hyallela azteca 2
Trichontera
Phryganea spn. 3
Dipters
Chironomidae
Procladius sp. 1
Tanytarsus sp. 1
Phaenopsectra sp. A
Acarina
Limmesla sp. 2

Total number of
invertebrates

19



3 OTTERTAIL FLATS LAKE (No. 6)

Phytoplankton counts (cells/ml)

£ Coll. No. (999) 15
= Species Depth (m) 0.5

Chlorophyta
Cosmarium (near bloculatum)
Cosmarium {near sexmotatum)
Coamarjium tetragonum wvar,
jundelll

Mougeotia ap.
£ Scenedesmus gquadricauda
‘ Cyanophyta
Anabaena sp.
Chrococcus prescotti
Gomphosphaeria lacustris
Merismopedia elegans
Nostoc paludosum
i Oscillatoria (near amphibia)
- Osecillatoria ap,
, Chrysophyta
- Achnanthes flexella
; Achnanthes spp.
s Amphipleura pellucida
Bitrichia chodatli
Chrysoccus sp.
Cyclotella sp.
Dinobryon sertularia
Dinobryon sociale var,
amerjcanum
Gomphonema acuminatum wvar,
. coronatum
; Kephyrion spp.
A Navicula radiosa
Navicula tripunctata
Navicula sp.
Neidium globiceps
Nitzschia thermalls
Nitzechia suecica _
: Pgeudokephyrion hyalinum
= Pseudokephyrion undulatissimum
Rhopalodia gibba
Stauroneis gp,
Synedra acus
Synedra radians
Synedra sp.
Tabellaria fenestrata
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Total cells/ml 837.0
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SCHAFFER LAKE
LAKE NO. 7

SCALE METRES
[ s e ]
0 50

(:)= COLLECTION SITE



Locality SCHAFFER LAKE

Site nunber 7
£y Grid reference 11U/NG454885
- Elevaetion {(metres/feet) 2170/7125
Altitudinal belt subtalpine
- Maximum depth (m) 2.5
i Surface area {(hectares) O.b

Sampling date 23/VI11/73
Collection number (999-) 129

i Time . 1430
b Air temperature (°C) 13.5
Sky cloudy
: Snow cover {x) : -
L Tece cover {m)

Secchl disk (m)
£ vH
Conductivity (@25°C)

Samples collected
[ Kick
L Dredge
Phytoplankton
Macrophytes
Zooplankton
Shoreline
Shore trawl
Fish
Primary production
Water chemistry
Stream flow

« 5+

LI BNV |

[ O T T B

Water temperature

N OHJ
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Schaffer Lake (Site 7)

Summary of benthic invertebrate samples {numbers collected)

Cell. number 129 129 129
Sample type D1 3 T
Depth (m) 2 - -
Total_wet
welght (x) 0.28 0.34 -
Clipochaeta
Rhynchelmis sp. 2 - 3
Trichoptera
Limnephilidae - 2 -
Diptera
Chironomidae
Procladius sp. 17 1 11
Eukiefferiella sp. 17 - -
Tanytarsus sp. 23 17 -
. Coleoptera
Amabus tristis - 2 -
£: Hydroporus compertus. ~ - 1
- Misc, Insecta 1 2 -
Nematoda
~ Unidentified A - -

- Total number of
* invertebrates &6 24 15




SCALE METERS

LAKE MeARTHUR
LAKE NO, 8

200

DEPTH IN METERS
= COLLECTING SITE
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Site number 8

Grid reference 11U/NGL460870

Elevation (metres/feet) 2240 /7369

Altitudinal belt alpine

Maximum depth (m) ],k

Surface area (hectares) 77

Sampling date 23/V111/73 ?/VITI /74

Collection number (999-) _ 128 154

Time 1015 : 1400

Air temperature (°C) 11.5 ' -

Sky ‘ cloudy cloudy

Snow cover (m) - -

ITce cover (m) - - ,

Seccht disk (m) 6.1 12,5

DH ‘ 8.2 -

Conductivity (@25°C) 109 132

Samples collected
Kick - -
Dredge X -
Phytoplankton X X
Macrophytes - -
Zooplankton X X
Shoreline X -
Shore trawl X -
Fish - -
Primary production - -
Water chemistry X -

Stream flow

Water temperature

m ©°c m °¢
0 8.5 0 4.2
1 8.4 1 4,0
2 8.4 2 4,0
5 8.3 4 3.8
10 5.4 6 3.6
15 4.5 8 3.4
20 4,4 10 3.4
25 4,2 iz 3.3
30 4,2 ih 3,3
: 16 3,3
18 3.3

20 3.3
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Lake McArthur (Site 8)

Sumwary of benthic invertebrate samples (numbers collected)

Coll. nurher 128 128 1283 128
Sample tyne , L1 D2 3 T
Depth (m) f 10 - -
Total wet
weight (&) 0.23 0,12 0,01 =
. Turbellaria
? ¥esostoma {(arcticum ?) - - & -
Ephemeroptera
Parameletus sbp. - - 2 -
Dintera
> Chirononidae
f Inmidentified 22 s 1 -
Tanytarsus sp. 2 - - -
Ciptera puovae 2 - - -
5 ¥ise Insecta - - 1 -
Acarins
- Lebertia sp. 2 - - -
Felecypoda ‘
Fisidium conventus 19 25 - -
Yematoda
) Unldentified 5 - - -
Total number of
B invertebrates 118 33 10 -

Phytoplankton counts (cells/ml)

Coll, No. 999-128 154
Species” Depth (m)- 0.5 0.5

Chrysophyta
: Cyclotella minuta (?) 163.3 48,0
b Kephyrion sp. 7.3 b5
Navicula sp, 1.5
Melosira itelica var, subarctica 4,5

X Pyrrophyta

Unid. Dinoflagellate sp,. 3.6

> Total cells/ml 174,2 58.5
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LAKE O'HARA
LAKE NO. ¢
SCALE METRES
ST —y

0 200
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Locality

Site nunber

Grid reference
Elevation (metres/feet)
Altitudinal btelt
Maximum depth {(m)
Surface area {(hectares)

LAKE O'HARA

9
11U/NGLE6895
2014 /6620
subalpine
38,1
3, b

N-14

Sanpling date
Collection number (999-)

5/Vi1/73

11/VI1/73
90 100

28/VIII/73

132

25/1/74
148

Time

Air temperature (°C)
Sky

Snow cover (m)

Tece cover (m)

Secchi disk (m)

pH

Conductivity (£25°C)

Samples collected
Kick
Dredge
Phytoplankten
Macrophytes
Zooplankton
.Shoreline
Shore trawl
Fish
Primary production
Water chemistry
Stream flow

Water temperature
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Lake O‘Hara {Site 9)

Summary of benthic invertebrate samples (numbers colxected)

Coll. number 90 90 90 90 90 132 132 132 132 132 148
Sample type D1 D2 D3 s T Dt D2 D3 8 T D2
Depth (m) 5 5 20 - - 5 5 35 - - 12
Total wet

weight (g) 0.3 0.6 0.3 3.8. = 0.4 1.0 0.2 0,7 - 0.5

Oligochaeta
] Limodrilus s8p. -
2 ) " Tubifex sp. . -

. Rhenchelmis 8D,

[ S Rl |
]
]
[ar I ]
L]
[y
]

o
[y

Amphipoda
Gammarus lacustris

1
[y
1
]
L]
1
[+
1
t
[}
]

Ephemeroptera
Rithrogena robusta (?)- - - - - 1 - - - - -

Trichoptersa
Limmephilidae -
limnephiluz sp.

]
P
Pt
I
n

[ ]
LI
[
]
b
LW ]
|

]

Diptera

Chironomidae
Procladine sp.
Panteneura sp.
Diamesa sp.
Brillia spp.
Corynoneura sp.
‘Cricotopus Spp.
Eukiefferiella sp.
Psendochironomus SP.
Tanytarsus sp.
Psectrocladins sp.
Chironomus -g;

(LAmochironomus)

Phaenopsectra sp.

Diptera pupae

Lol |
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1
t
1

]
]
t
]
I
1
[
]

u Coleoptera

Hydreporus compertus
Agabug tristis - - - - - - - -
Dyticid larvae - - - - - -

L
1
]
n
o |
]
!
]
[]
]
J

'

'
=

'

1

¥isc, Insecta - - - - 1 - - - - - -

Acarina
Lebertia sp. - - - - - - - - - 1 -
Pionidae - - - - - - - - - - 1

Peleoypoda
Pisidium conventus 41 54 - - - - 14 16 - - 2
Pieldium ventricosum 1 - -
Pisidium 111l jeborgl - - - - - -

=
[}
]
]
]

Total number of
invertebrates 61 2133 b3 23 L 82 172 22 35 £8 134




i : LAKE O°HARA
0 , . Phytoplankton counts (cells/ml)

: Coll, No. {599) 100 100 100 132 132 132 132 148 148
Species Depth:{m) 0.5 4,0 10.0 0.5 4.0 10.0 16,0 1.0 10.0
i Chlorophyta
L Ankistrodesmis sp. ohb 71.0 71.0- 29,0 18.2 123.4 410.7 - -
Ankistrodesmus faleatus - - - - - - - 1.1 2.2
Carteria sp. - - - - - - - - 2.2
Chlamydomonas Sp. - - - - - 1,5 26,5 6.6 -
Chrysophyta
Achnanthes sp. - - 3.3 - 5e0 - - - 1,1
Bitrichia chodatii 34 - - 763 3.3 7.3 - - -
Chrysoikos skujae - 6.6 1,7 - 1.7 = - 2.2 -
a Cyclotella minuta 1698, 1438, 1762, 1966, 1859. 2474, 5527, 83,6 660.0
Cymbella affinis - - - - 1,2 b - - -
Diatonas hiemale var,
mesodon - - - - 2.7 - - - -
Dinobryon cylindricum - - 3.3 - - - - - -
Dinobryon soclale - i.7 - - - - - - -
7 Pragilaria pinnata - - 1.7 - - -~ - - -
- Hannea arcus - - - 3.6 = - - - -
= ' ! Kephyrion Spo - 31.“’ 1.? 112.5 821;”‘ 3&8.“’ 303 2.2 -
Kephyrion obliqum {?) sh b - - - - - - - -
Kephyriopsis sp. - - - 39,9 18,2 94,4 - - -
Navieula sp. - 3.3 - - - - - - -
Pgeudokephyrion hiemale - - - 3.6 5,0 = - - -
Pgeudokephyrion parvum - - - 3.6 - - - - -
8 Pyrrophyta
[ Gymodinium sp - - - - - - 3.3 -
- Gymmodinium helvetlcum - - - - - - - - 1.1
Wolosynzkia sp. - 5.0 1.7 3.6 3.3 - - - -
Cryptophyta )
: Cryptomonas sp. - - - - - . 3.6 29.8 1,1 6.6
= Rhedemenas minuta - - 4.2 7.3 14,9 108,9 79,5 4.4 31.9
Total cells/ml 1850, 1557. 1892, 2177. 2016, 3179. 6080. 101.2 705.1
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MARY IAKE
LAKE NO. 10
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Locality KARY LAKE
Site nunbsr 10
0 Grid reference 11U/NGLE5888
= Elevation (metres/feet) 2034/6670
Altitudinal belt subalpine
Maximum depth (m) 3.8
Surface area (hectares) 6.5
Samplinz date &/V11/73 11/VII/7?3
Collection number (999~} 91 101
Time 0800 1000
Air temperature (°C) 6.8 -
Sky cloudy cloundy
Snow cover {m)- - -
Ice cover (m) - -
Secchl disk {m) 3.8+ 3.8+
pH - 7.9
Conductivity (@25°C) - 99
- Sampies collected
Kick - -
Dredge X -
Phytoplankton X X
Macrophytes - X
Zooplankton X -
Shoreline X
7 Shore trawl X -
Fish - -
Primary production ~ X
Water chemistry - X
: Strean flow - -
Water temperature m ©c n °c
0 8.7 0 8.9
F 1 8.5 2 8.9
3 7.3
3.8 7.0

o
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¥ary lLake (Site 10)

Summary of benthic invertebrate samples (numbers collected)

Coll. number .91 91 g1 91 91
Sample type o)1 D2 D3 S T
Depth (m) 3¢3 205 105 - -
Total wet
weight (g) . 0.01 0,08 0.21 3,87 =~
Cligochaeta
Limnodrilus sp,. - - 1 - -
Rhynchelmls sp. - - 3 - 2
E_ Hirudindidea
Glozsophonia complanata - - -. 1 -
Trichoptera
Iimmephilidae - - - - 50 7
Diptera
Culicidae
Aedes sp. - - - 50 -
Heleidae
B Allunaudomyia sp,. - - - -
i Chironomidae
- Procladius sp. - - b = 2
' Pentaneura sp. - - - 1 -
Circoctopus sp. A, - - - 2 2
_ Psectrocladius sp, - - 1 - -
i Phaenopsectra sp. & 2 - 2 -
{ Tanytarsus sp. - 2 3 5 -
Chironomus {limnochironomus)- - - - 5
T Sp.
- Diptera pupae - - - 17 19
, Coleoptera
. Eydroporus occidentalis - - - 1 9
{isc. Insecta - - - 5 3
; Acarina
I.ebertia sp. - - 1 - 5
o Limmesis sp. - - - 2 -
L Pionidae - - 1 - -
Pelecypoda
Pisidlu ventricosum - - - - ?

Total number of
invertebrates 6 4 17 137 61

ks



MARY LAKE

Phytoplankton counts (cells/ml)

Coll, No. {999)

91 101 101
Species Depth (m) 0.5 0.5 2
Chlorophyta
Chlamydomonas sp. 7.3 - -
Dictyosvhaerium pulchellum - 43,6 -
Tetraedon minimum 1.7 - -
Chrysophyta
Achnanthes sp. 8.3 7.3 6.6
Achnanthes mierocephala 3.3 - -
Bitrichia chodatii - 3.6 3.3
Cymbella sp. 8.3 - 6.6
Cymbella affinls 3.3 - -
Dinobryon cylindricum 1.7 3.6 3.3
Dinobryon svp. - 3.6 -
Dirnobryon sociale 74,3 293.9 476.9
Fragilaria sp. 5.0 - -
Fragilaria pinnata 5.0 - -
Kephyrion sp. 79.8 - -
Navicula sp. 5.0 73 6.6
Nitzschia sigma 1.7 - 3.3
Synedra sp 5.0 14,5 3.9
Synedra radians 9.9 - -
Pyrrophyta and Cryptophyta
Cryptomonas erosa - 36.3  19.9
Glenodinium svo. 5.0 - -
Peridinium sp. 3.3 - -
Rhodomonas minuta - 14,5 6.6

Total cells/ml

221.7 h28,2

5“’3.0



LOWER OPABIN LAKE
LAKE NO, 13

SCALE METHRES
N
0 50
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Locallity IOWER OPABIN ILAKE
Site nunber 13

Grid reference 11U/NGL74881
Elevation (metres/feet) 2234/7328
Altitudinal belt . subalpine
Maximum devth (m) 1.5

Surface earea (hectares) 0.3

Samplineg date 10/VIi1/73
Collection number (999-) 98
Time 1400
Air temperature (°C) 15,0
Sky clear
Snow cover {(m) -

Tee cover (m) -
Secchl disk (m)

pH

Conductivity (225°C)

Samples collecoed
Kick
Dredge
Phytoplankton
Macropnytes
Zooplankton
Shoreline
Shore trawl
FPish
Primary vroduction
Water chemistry
Stream flow

o L

5

Water temperature
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Opabin Lake (Site 13)

Summary of benthle invertebfate samples (numbers collected)

Coll. number 98 98 98
Sample type 93 1 ] T
Depth (m) ) 1.2 - -
Total wet
weight (g) 0,63 2.11 -
0ligochaeta
Rhynehelmis. sp. 2 - b
Trichoptera
Hesperophylax sp. - 1 -
Limmephilidae - is -
Diptera
Cullcidae _ :
A ‘ Chaoborus sSD. 1 35 5
: Chironomldae
Prcecladiug sp. [ 4 L
Phaenopsectra 26 1 7
Tanytarsus sp. - 2 6
i Diptera pupae - 13 1
o ‘ Aerisl diptera - 2 -
Coleoptern
- Agabusg tristls - 1 -
: Hydroporus occldentalls - 2 -
¥ydroporus compertus - 1 -
B Unidentified - 1 -
. Total number of
invertebrates 35 78 27

Phytoplankton counts (cells/ml)

Coll, Ko. 999-98

7 Species . Depth (m) 0.5
. Chlorophyta
- Tetraedon minimum 3.3
¥ Cyanophyta
Spirulina nr. major . 1.7
%g: Chrysophyta
5 _ : - Dinobryon attenuatum 160,11
Kephyrion spp. 21.5
3 Pgeudokephyrion sp. 3.3
| Navicule sp. 9.9
£ Pyrrovhyta
N Peridinium sp. . . 117.2
£ Wolosynzkia sp. (? 13.2

Total celis/ml  330.2




- LAKE NO. 14

SCALE METRES
e — ]

0 50

@= COLLECTION SITE



Locality MIDDLE OPABIN LAKE

Site nunher 14
Grid reference 11U/NG4758R0
Elevation {metres/feet) 22k5/7320
Altitudinal belt treeline
Meximum depth (m) 2.7
Surface area (hectares) 1.7

Sampling date 10/VI1/73
Collection numbher (999-) 97

Time 1200
Air temverature {(°C) 14,6
Sky clear
Snow cover (m) -

Ice cover (n)

Sacehl disk {
goda!
Conductivity (@25°C)

Samples collected
Kick
Dredge
Phytoplankton
Macrophytes
Zooplankton
Shoreline
Shore trawl
Fish
Primary production
Water chemistry
Stream flow

m)

> = O
. e =

[ Yol

o]
(91

Water temperature

N OH



Middle Opabin Lake (Site 14)

Sunmary of benthic invertebrate samples (numbers collected)

Coll. number 97 97 Q7 97
Sample type D1 D2 S, T
Depth (m) - 2.7 2.0 - -
Total wet .
welght (g) 0.14 0,02 2,04 -
O0ligochaeta
Tubifex sp. 1 - - - -~
Bhynchelmis sp. 2 i - -
Trichoptera
Limmephilidae - - 38 -
Diptera
Chironomidae _
Procladius sp. 27 ~ - -
i Corynoneura sp. 3 - 6 -
j Cricotopus sp. - - 1 -
Tanytarsus sp. 7 - 6 1
= Coleoptera
B Agabus tristis - - 6 -
. Hydroporus occidentalis - - 27 2
i Hydroporus griseostriatus - - 1 -
Acarina
- Lebertia sp. - ~ 6 -
Araneae - 1 - -
Total number of
invertebrates ko 2 91 3
: Phytoplankton counts {(cells/ml)
; Coll, No. 999-97
Species Depth (m) 0.5
= . Chrysophyta
. : Acnanthes sp. 2.7
f Acnanthes sp. 13.6
L Dinobryon attenuatum 27
Dinobryon cylindricum . 57.1
g’ Kephyrion sp. - 19.1
N Buglenophyta ‘
£ Trachelomonas nr. vulchella 2.7

4 Total cells/ml 97.9
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LAKE NO. 15
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Locality UPPER OPABIN LAKH
Site nunber 15

Grid reference 11U/NGLB08Y7
Elevation (metres/feet) 2270/7450
Altitudinal belt alpine
Maximum depth (m) 12.3
Surface area (hectares) 3.1
Sampline date 10/VI1/73
Collection number (999-) 96

T4 me 1000
Air temverature (°C) 11.2
Sky clear

Snow cover ()

Ice cover (m)

Secchi disk (m)

pH

Conductivity (@25°¢C)

Samples collected
Kick
Dredge
Phytoplankton
Macropnytes
Zooplankton
Shoreline
Shore trawl
Fish
Primary production
Water chemistry
Streanm flow

Water temperature

£0% soft ice

3.0
746
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Upper COpabin Lake (Site 15)

Sunmary of benthic ilnvertebrate samples (numbers collected)

Coll., number 96 g6 96
Sample type D1 S T
Depth (m) 10 - -
Total wet
welght (g) 0,01 2.04 -~
Gligochaeta
Limnodrilus sp. - 2 -
Epvhemeroptera _ '
Parameletus sp, - 87 10
FPlecopters
Alloperia (fidelis ?) - 15 3
Diptera
- Chironomidae :
Procladius sp. o= 2 -
Tanytarsus sp. 3 - -
Coleoptera :
Dyticid larva - 1 -

Total number of

Anvertebrates , 3 107 13

Phytoplankton counts (ecells/ml)

Coll. No, . 999-96

Species | | Depth (m) 0.5
Chrysophyta
Navicula sp. 1.7

Total cells/ml 1.7
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1 LAKE NO, 154
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Locallty LOWER CPABIN POND
Site nuzrber 124
Grid reference 11U/NG471885
Elevation (metres/feet) T 2204/7250
Altitudinal belt subalpine
Maximum devth (m) 1.2
Surface area {(hectares) 0,1
Sampling date 10/V11/73
Collection number (9G9-) 99
Time 1300
Atr temperature (©C) 15,0
Sky clear
Snow cover (m) -
Ice cover {(m) -
Secchi disk {(m) 1.2+
pH 7.8
Conductivity (@25°C) 73
Samples collected
Kick -
Dredge
Phytoplankton -
Macrophytes -
Zooplankton X
Shoreline X
Shore trawl X
Figh -

Primary prcduction
Water chemistry
Stream flow

Water temperature : 11.5
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Lower Opabin Pond (Site 154)

Summary of benthic invertebrate samples {numbers collected)

Coll, number Q9 . 99 29
Sample type D1 S T
Depth {(m) 0.6 =~ -
Total wet
welght (g) 0.09 0.16 =~
Cligochaeta
Tubifex sp. : - - 1
Rhynchelmis sp. 1 - ~
Ephemeroptera
Parameletus sp. - 5 -
Ampeletus sp. 6 5 1
L Diptera
. Chironomidae
Eukjefferiells sp. - 1 -
Total number of
invertebrates 7 i1 2

Phytoplankton counts (cells/ml )}

Coll. No. 999~G9

- : Species ' Depth (m) 0.5
; Chlerophyta
) Cosmarium sp, 5.0
_ Chrysophyta
. Achnanthes sp. 34.7
Cocconeis sp, 1.7
Cymbella sp. 19.8
B Dinobryon ecylindricum 1.7
Fragilaria pinnata 13.2
Hannea arcus 3.3
Kephyrion sp. 1.7
Navicula sp. 26 .4
. Pinnularis sp. 1.7
s Stauroneis sp. 1.7

Total cells/ml 110.9
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% LAKE OESA

g LAKE NO. 16
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Locality LAKE CESA
Site nurbher 14
Grid rerference 11U/NGLB5R93
Elevation (metres/feet) 2285/7505
Altitudinal belt alpine
P Maximbm devnth {m) 39
i Surface area {hectares) 14,1
Sampline date 21/VIT1/73
Collection numbher (9Q9-) ~ 126
Time : 1100
Alr temmerature (©C) 10.5
Sky _ clear
Snow cover {m) -
Ice cover {(m) -
Secchl disk (m) 3.5
g DpH 7.8
p Conductivity (@25°C) 93
Samples collected
Kiek -
Dredge X
) Phytoplankton X
éf Macropnytes -
ik Zooplankton X
‘ Shoreline X
B Shore trawl e
3 Fish -
Primary production -
o Water chemlstry X
i Stream flow -
Water temperature m ©c
0 A.3
; 1 6.4
! 2 6.3
. 5 5.8
10 5.2
“ 15 3.9
20 3.6
25 3.6
30 3.5




Lake Oegsa (Site 16)

Sumrary of benthic invertebrate samples (numbers collected)

| Coll, ruamber 128 12F 126 126
Lk Sample type 1 D2 3 T
7 Depth (m) 10 35 - -
7 Total wet
g welght (g) ' 0.62 0.1¢ 0,16 -
! Turbellaria
| Mesostoma (arcticum ?) - - 7 -
I'phemercoptera :
Parameletus sp. - -~ 2 1
Plecoptersa
Alloperla (fidelis ?) - - 9 -
Trichoptera
Limmephilidae - - 1 -
Dipter=a
Chironomidae
t Cricotopus sp. - 7 - -
] Phaenopsectra sp. 63 - - -
. Tanytarsus sp. 116 6 - -
: Unidentified - 1 - -
2 Diptera pupsae L - 1 -
Aerial diptera - - 3 5
¥isc., Insecta | ' - - 4 3

Total number of
Invertebrates 183 14 27 9

’ Phytoplankton counts (cells/ml)

Species Depth (m) 0.5
Chrysophyta
; Achnanthes sp. 6.2
. _ Achnanthes microcephala 2.5
Cocconels sp. 1.2
Cyclotells minuta (?) 671,.2
Cymbella sp. 2.5
Pseudokephyrion hiemale 7.4

¥ | Total cells/ml 691.0
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ROSS LAKE
LAKE NO. 17

SCALE METRES
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Locallty ROSS LAKE
Site number 17
Grid reference 11U/NGA86984
Elevation {(metres/feet) 1729/5670
Altitudinal belt sutalpine
Maximum depth (m) 21.5
Surface area (hectares) 6.0
Sampling date 18N1/71  S/NIII/?1 13/N1/73 11/1X/73  28/I11/74
. Collection number (999-) 7 17 : 71 144 152
! Time 1000 0900 1030 1000 1600
Air temverature (°C) 10,5 22 8.2 7o 16
v Sky cloudy clear rain clear cloudy
| Snow cover (m) - - - - 0.25
i Ice cover (m) - - - - 0.76
Secchi disk (m) - 12 12.5 10 8.0 -
DH 8.1 8.1 7-? 8.0 -
Conductivity (€25°C) 198 209 319 175 -
Samples collected
Kick - - - - -
Dredge X X - - -
Phytoplankton - - X X X
Macrophytes - - - - -
Zooplankton X X X X X
Shoreline X X X - -
Shore trawl - X - - -
Fish (8/VIII/73)
Primary production - - X X -
- Water chemistry X - X X -
Stream flow - - - -
Water temperature m °C m ©c m ©OC m OC m OC
0 A.5 0 15.0 0 6.7 0 2.8 0 0
4. 2 6,5 1 15.0 1 6.6 1 8,8 1 1.4
b 4,2 2 13.0 2 6.3 2 8,8 2 2.5
& 6.0 b 11.0 L 5,7 b 8.6 4 3.0
8 5,5 6 8,0 8 5,2 7 7.2 8 3.1
10 5.5 R 7.0 10 5.1 10 5.1 12 3.3
15 5,8 in £.0 14 5,0 15 4,3 14 3.0
20 5.0 12 6.0 18 5.0 19 4.3 16 2,7
14 f.0 20 k.2 17 2.6
" 16 £,0
: 18 6,0
¥ 20 6.0
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Ross Lake (Site 17)

Sumzary of benthic invertebrate samples (numbers collected)

Coll. number 7 7 17 17 17 71
Sample tyne K1 3 C1 S T S
Centh (m) 18,0 - 20,0 - - -
Total wet

weight (g) - - - - - 0.72

0lirochaeta
Rhynchelmis sp, 1 - 1 14 - L

I Amphivoda
§ Tammarus lacustrus - 7 - . 19 - -

Tphemeroptera
Baetis sp,. -
Ameletus sp. -
Habrophlebiodes sy, -

t
1
1
i

™
1
!
|
ot peb

Flecoptera
Alloperla {fidelis ?) - - - 2 - -

o Trichoptera
e - Limnephilidae - 11 - 7 - -

Dintera
Tipulidae - - 1 - - -
Chirononidae

Tukiefferiella sp. - -
Frocladius sp. - -
Perntaneura sp. 3 -
Chironomus sp.
Tanytarsus sp. €0 -
Unidentified - -

O
[y
!
NN
O oo 1
1
!
H

¥ Coleoptera
. Ametor scabrosus ~ 1 - - - -
Hydrophilidae - - - 1 - -

Castropoda
Gyralus parvus - 17 - 3
Gyralus circumstriatus - 20 -
S Gyralus 8p. - - -

WRUOTRND
]
[}

Pelecypoda
Pisidium 1illieborgl b - - Li - 4
pisidium conventus 1 - ¢ - - -

Total number of
invertebrates 160 5B 142 141 6 33

1]
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ROSS LAKE

Phytoplankton counts {cells/ml)

N-39

Coll. No. (999)
Species Depth (m)

71
0.5

71
4.0

71 144
10,0 0.5

Py
° &
o

144
10.0

Chlorophyta
Anklgtrodesmus sp.
Chlamydomonas =Sp.
Cosmarium sp. A
Cosmarium sp, B
Tetraedon minimum

Chrysophyta
Acnanthes spe.

Acnanthes microcephala
Chromulina sp.
Chrysolkos graeills
Chrysolykos planctonicus
Cyclotella sp.
Cyclotella ccellata
Cymbella sp.

Dinobryon sociale
Diploneis elliptica
Fragilaria construens
Gomphonema sp.
Kephyrion sp.

Lagnyion sp (?)
Navicula sp.

Ochromonas sp.
Pseudokephyrion hiemale
Synedra radians

Pyrrovhyta and Cryptophyta
Glencdinium sp.
Gymnodinium sp.
Peridinium inconsplecuum
Peridinium sp.
Rhodomonas minuta
Unidentified
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SOUTH NARAOC LAKE
LAKE NO, 18

SCALE METRES
0 100
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Locality SOUTH NARAO LAKE
Site nugber . 18
Grid reference 11U/NGU55967
Elevation (metres/feet) 1715/5625
Altitudinal belt subalpine
Maximum depth {(m) 6.3
Surface area {(hectares) ' 0.7
Sampling date 14/v1/73 29/V111/73 28711770
‘Collection number {999-) 56 135 150
Time 1115 0915 1000
Alr temperature {(°C) 10.5 - 1k, 5
Sky _ rain clear Show
Snow cover (m) - - 0.26
Ice cover {(m) - - 0.71
Secchl disk (m) 2.5+ 2.0+ -
'pH 8-0 ?09 -
Conductivity (@25°C) 237 258 -
Samples collected
Kick - - -
P . Dredge X X -
by Phytoplankton X X X
Macrophytes - X -
£7 Zooplankton . X X X
' Shoreline X X -
Shore trawl X X -
Fish - - -
] Primary production - - -
o . Water chemlstry X X -
Stream flow - - -
] Water temperature m ©¢C m ©°¢C m ©°¢
) 0 10.2 0 10.7 o] 0
1.0 10.1 1.0 10,4 1.0 0.6
2.0 9,2 2.0 10.6 2.0 2,6
& 2.5 6,2
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South Narao (Site 18)‘

Summary of benthie invertebrate samples (numbers collected)

Coll. number 56 56 56 135 1358 135
Sample type D1 ] T D1 S T
Depth (m) 2,5 - - 2.5 - -
Total wet

weight {(g) 1.83 1.60 - 3.41 1,587 -

Oligochaets
Tubifex sp., & - 1 - - -
Rhynchelmis sp. 2 - - - - 3

Hirudinciden
Helobdella stagnalis - - - - - 2

Amphipoda
£ Hyaella azteca - - - - - I

I Ephemeroptera
Centroptilum sp. - 1 1 - - -

[ Trichoptera
i- Glyphotaelius sp. - 25 12 - - -
Limephilidac - 13 3 - -

wn

: Dipterna
L Feleidae
Allvaudonyla sp. 1 - 11 2
- Chironomidae
L Procladius sp. 10
Corynoneura sp. -
Cricotopus sp. -
Pgectrocladius sp. -
Chironomus &p. 2Lé
Phaenopsectra s7m. -
Tanytarsus sp. 10
Cdonata
Aeshnea interrupta -
Ischnura perparva -
Sympetrum sp. - 2
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Heteroptera
Gerris comatus - 3 - - - -

Coleoptera

Agabus tristis - 1 - - - -
: Haliplus sp, - - - - -
~ Dyticld larve - - - - -

o

Acarina

: Arrenurus sp.,
= Lebertia sv.
Limmesla sp.
Arsneae

i
1
o
[y
Lol V]
11
| I

1
1
'
I
-

= Pelecypoda
Pisidium conventus
Pisidium 111l jeborgl
Pisidium ventricosum -

o+
o 28
[
t
i1
i1

to 1
1
1
!
i

Total number of
invertebrates 292 51 52 306 i5 34
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SOUTH NARAO LAKE

Phytoplankton counts (cells/ml)

Coll. No. {999) 56 135 135
i Species Depth {(m) 0.5 0.5 2.0

Chlorophyta
Anklistrodesmus sp.
Ankistrodesmus falcatus
Chlamydomonas sp.
Coelastrum microporum

€7 Cosmarium sp.

P Crucigenia guadrata

Lagerheimia cilista

Lagerhelimia longlsta

Oocystis borgei

Qocystis parva

Scenedesmus bi juga

Scenedesmus obliguus

Sphaerocystis schroeteri

Tetraedon minimum

7o Cyanophyta

; Ansbaena sp.

Arthrosplra Jenneri -
Oscillatoria sp. 36.3
Oscillatoria geminata - -
Oscilllatoria limnetica - -
Oscillatoria rubescens - 145,2

7 Chrysophyta :

L Achnanthes sp., - 1k.50

Achnanthes exigua.-var,

heterovalvata

Achnanthes mlérocephala

Chrysolykos planctonicus

Cyclotella sp.

E Cymbella sp.

- Dinobryon sertularia

Dinobryon sociale

Dinobryon sociale wvar.

americaniun

Kephyrion sp.

Kephyrion sp. 4

Kephyrion sp. B

Kephyrion littorale

Navicula sp.

; Nitzschla sbo.

L Ochromonas sp.
Pseudokephyrion parvum
Pyrrophyta and Cryptophyta
Cryptomonas sp. - .

Cryptomonas erosa 21,8 72.6

Glenodinium sp, - -

Rhodomonas minuta 326.6 645.9 16,3
2

Total cells/ml 784.2 7038.8 6945,7 337
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¥ NORTH NARAO LAKE
LAKE NO. 19

SCALE METRES
L ——
0 50 100

DEPTH IN METRES
(:)= COLLECTION SITE
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Locality NCRTH NARAO LAKE
Site number : 19
Grid reference 11U/NG4 55971
Elevation (zetres/feet) 1715/5625
Altitudinal btelt subalpine
- Maximum devth (=) 2.0
§ Surface area {hectares) 3.0
Sampling date 14/¥1/73 29/VIII1/73  2B/I11/74
Collection number (Q99-) 57 134 151
Time 0G00 0845 1200
Air temverature (°C) R,R 8.5 . 14.5
Sky cloudy clear snow
Snow cover (z) - - 0.3
Ice cover (m) - - 0.76
Seccht disk (m) 1.0+ 1.0+ -
i pH q_39 749 -
E Conductivity (@25°C) 209 209 -
Samples collected
Kick - -
Dredge X X -
Phytoplankton X X -
Macrophytes - X -
Zooplanktcon X X -
. Shoreline X X -
5 Shore trawl X X -
; Fish - - -
o Primary production - X -
. Water chemistry X X -
i Stream flow - - -
Water temperature r °c¢ m °c m ©c
T 0 10.8 0 8,1 0 0
] 0.5 10,7 0.8 7.3
” 1.9 ¢.A
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North Narae (Site 19)

Sunmary of benthie invertebrate sanples {numbers collected)

Coll, number 57 57 o7 o 136138 13F 136
Sample type . D1 D2 5 T 0| b2 s T
Depth (m) 0.6 0,9 - - 0.6 0,9 - -
Total wet
welght (g) 1.24 2,24 5,64 - 1.47 3,25 1,22 -
Oligechaeta
Limnodrilus sp. 7 - - - 1 - -
Rhynchelmis sp. L - - - b 18
Turbellaria _
Mesostora (areticum ?) - - y 1 - - - -
Hirudinoidea
Helobdella stagnalis - - 1 - 4 1 - -
Ephemeroptera .
Centroptilum sp, - - 1 - - - 1 -
Parameletus sp, - - 19 s - - - -
Siphlonurus
{ocecidentalis ?) - - 20 14 - - 1 -
Trichoptera .
Limnephilidae - - 13 3 - - 15 g
i Glyphotmelius sp. - - 26 12 - - - -
Diptera
T - Heleidae
S Alluasudonmyis sp,. - - 1 - - - - -
L Chironemidae
- Procladius sp. 29 32 - - 3 12 - 1
3 Cricotopus sp. A, - - - - - 1 - -
I Psectrocladius sp. 14 9 - - - - - -
i Chironomus sp. - i - - - 35 - -
Cryptochironemus sp, 8 b - - - 1 - -
. Pseudochironomus sp, 6 - - - - - - -
g Phaenopsectra sp, 2k 12 13 - 3 - - -
5 Tanytarsus sp. 26 10 6 - i - - -
Collembola
5 Podura squatica - - i7 - - - - -
L; Odonata
Aeshna palmata - - - - - - 2 -
f Coleoptera Unk, 1 ~ - - - - - -
; Mise, Insecta - - - - - - - 1
B Acarina ‘
- Arrenurus sp. 3 1 3 2 5 3 - -
“ . Hygrobates sp. - - 7 5 - - - -
’ Lebertis sp, - 2 - - - - -~ -
-5 - Limnesia sp. 1 2 4 - 1 - - -
_ Araneae - - - - - - 1 -
- Gastropoda. '
Lymnaea stagnalis - - 5 - - - - -
Lymnaea arctica - ? 15 4 i 8 4 1
Lymnanea elodes 5 2 i - 5 15 2 -
= ' Gyralus parvus - 2 - - - 2 . -
Gyralus sp. -~ 2 - - - - - -
Pelecypoda
= Pisidiuvm conventus - 3 5 - - - - -
Pis=idlumw casternatum - 3 2 i - - - -
- Pisidium ventricosum - 3 - - 5 -
AP Total number of
invertetrates 128 95 1A6 47 33 100 26 12
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NCRTH NARAQ LAKE

Phytoplankton counts (cells/ml)

Coll. No. {999) 57 134
Specles Depth {(m} 0,5 0.5

Chlorophyta
Chlamydomonas
Cosmarium sp.
L Crucigenia gquadrata
i Oocystis parva
Scenedesmus bl juga
Scenedesmus quadricaudata
Tetraedon minimum
Cyanophyta
Merismopedia punctata 3
Merismopedia tenuissims
Oscillatoria sp.
Chrysophyta
- Acnanthesg gp.
£ Acnanthes microcephala
Chrysolykos planctonicus
Bitrichia chodatii
Cyclotella sp.
Cymbella sv,
Diatoma hiemale
Diatoma hiemsle
var. mesodon
Dinobryon sociale
“? Dinobryon sociale
var. americanumnm
Fragilarisa crotonensis
Fragilaria pinnata
Gomphonema acuminatim
Hannea arcus
Kephyrion sp.
Kephyrion sp. A
Kephyrion sp. B
Kephyrion littorale
Navicula sp.
Neildium binode
Nitzschla sp.
Opevhora sp.
Pgeudokephyrion parvum
> _ Pyrrophyta and Cryptophyta
: Cryptomonas erosa
Cryptononas ovata
Glenodinium sp.
Rhodomonas minuta

Total cells/ml 1320.9 B76.9
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WAPTA LAKE
LAKE NO. 20 -

SCALE METRES
-
0 200

DEPTH IN METRES
= COLLECTION SITE
+----= GILL NET SITE
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Locality WAPTA LAKE
Site number ’ 20
o Grid reference 11U /NG454987
- Elevation (metres/feet) 1590/5203
Altitudinal belt subalpine
- Maximum depth (m) 8.2
Surface area (hectares) 2h,1
Sampling date 17/N1/71 BAITI/71 12/V1/73  30/VIII/73 3/1/74
Collection number (999-) 5 16 59 136 145
Time 1230 1800 1048 1200 1200
Air temperature (°C) 9.5 26 11 74 -16
Sky cloudy ¢clear cloudy cloudy c¢lear
Snow cover (m) - - - - 0.30
Ice cover {(m) - - - - 0.57
Secchi disk (m) 800 u’ao 8.0+ 7.5 -
e Conductivity (@25°C) 143 137 198 150 -
. 3amples collected
Kick - - - - -
Dredge - X - - X
Phytoplankton x X X X X
Macrophytes - - X - -
Zooplankton X X X X X
Shoreline X X X - -
Shore trawl X X X - -
Fish (13/v1/73) - ‘
Primary production - - X X -
: Water chenmistry X - X - -
2 , Stream flow - - - - -
Water temperature m Oc m ©cC m 9C m O¢ m ©°C
? 0 5.5 0 11.0 0 6.8 0 7.2 0 ©
] 1 5.5 1 11.0 1 6,8 1 7.2 1 0.4
2 5.5 2 10.5 2 6.8 2 7.1 2 0.9
4 5,8 4 10,0 4 6,0 L 7.1 3 1.4
€ 5.5 6 10.0 6 6.0 6 7.1 5 1.7
o 8 5.5 8 10,0 8 6.3 8 6.8 7 3.6




Wapta Lake (Site 20)

Summary of benthic invertebrate samples (numbers collected)

Coll, number ' [ 5 16 16 16 59 59 145
Sample type 3 T oz} 3 T 3 T D1
Depth (m) 6.0 - 6.0 =~ - - - 7.0
Total wet
welght (g) - - - - - 2,17 - -
Ollgochaeta
Rhynchelmis sp. _ - - 11 - 23 b -2 8
Amphlpoda
Gammarus lacustris - - - 1 - 2 i -
Ephemeroptera
Ameletus sp. 26 - - 2 - 11 - -
Siphlonurus sp. £ - - 21 - 2 6 -
Parameletus sp. 5 - ~ - - - - -
i“ Plecoptera '
“ Alloperla (fidelis ?) 2 - - b - 1 - -
‘ Isoperla ebria - - - - - 8 - -
o Acroneuria pacifica - - ~- - - 1 - -
) Trichoptera
= Hesperophylax sp. - - - - - 1 - -
Limnophilidae sp. 8 - - 1 - 3 3 -
Diptera
Tipulidae - - - 9 - - 1 -
Empididae - - - - - - 1 -
Chironomidae
Procladius sp, - 521 298 - - - b 305
Psectrocladius sp. - - - - - - 45 -
Cryptochironomis sp. - - - - - - 5 -
Tanytarsus sp. - 423 Lo8 - - - 33 344
Pentaneura sp. 2 - - - - - - -
Unidentifled - 2 21 2 - - - -
Diptera pupae - 2 - - - L2 - -
. Misc. Insecta - - 1 - - - - -
B Acarina 11
- Lebertia sp. - - - - - - 11 -
Pelecypoda
- Pisidium nitidium - - 7 - - 1 - -
Pisidium conventus - - 12 - - - - 14
Pisidium subtruncatum - - b - - - - -
Total number of '
invertebrates 58 948 762 Lo 23 16 123 671




WAPTA LAKE

Phytoplankton counts {cells/ml)

N-51

, Coll. Yo. (999)
Species Depth (m)

59 59 59
0.5 2.0 6.0

0N -
)

1
0. .

36
5

146
6.0

Chlorophyta
Chlamydomonas sp.
Crucigenia quadrata
Ooeystls parva
Scenedesmus bl juga
Mothrix sp.

Ulothrix subconstricta

Cyanophyta
Merismopedia punctata
‘Merismopedia glaunca

Chrysophyta
Achnanthes sp.
Achnanthes exligua
Achnanthes flexella
Achnanthes lanceolata

var, dubila
Achnantheg linearis
{(near curta)
Achmanthes microcephala
Achnanthes minutissima
Amphipleura pellucida
Chrysolkos skujae
Cocceoneis placentula
Cyclotella sp.
Cymbella sp.
Cymbella ventricosa
Diatoma sp.
Diatoma hiemale var,
mesodon
Dinebryon cylindricum
Dinobryon sociale
Dinobryon soclale var,
- americanum
Diploneis puella
Eunotia sp.
Pragllaria brevistriata
Fragilaria brevigtriata
var. capitata
Fragllaria construens
Fragilaria crotonensis
Gomphonema sp,
Gomphonema olivaceum
Hannea arcus
Kephyrion sp.
Kephyrion littorele
Monosiga varians
Naevicula sp.

Navicula elginensis
Navicula meniscula var,
upsgalliensis

Nizschia sp.
Pgeudokephyrion sp,

. Pgendokephyrion hiemale
Pseudokephyrion parvum
Synedra sp.

Synedra ulna

Cryptophyta
Cryptomonasg sp.
Rhodomonas minuta
Unidentified
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MIDDLE MORNING GLORY LAKE

LAKE NO., 22

SCALE METRES
[ wmes mves |
0 50

(:)= COLLECTION SITE
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Locality MIDDLE VMORNING GLORY LAKF

Site number 22

Grid reference 110 /8GLL4903

Elevation {metres/feet) 1997 /6550

Altitudinal belt subalpire

Maximum depth (m) 3.0

Surface area (hectares) 1.0

Sampling date 12/v11/73 a/N11I /74

Collection number (999-) 104 157

Time 1400 1300

Air temperature (°C) - -

Sky clear clear

Snow cover (m) - -

Ice cover (m) - -

Secchi disk (m) 3.0+ -

pH ’,2 -

Conductivity (@25°C) 125 -

Samples collected
Kick - -
Dredge X
Phytoplankton X -
Macrophytes - -
Zooplankton X -
Shoreline X -
Shore trawl X -
Fizh -~ -
Primary production - -
Water chemlstry X -
Stream flow - -

Water fTemperature - %¢



N5k

* : Mid Morning Glory Leke (Site 22)

Summary of benthlc invertebrate samples (numbers collected)

Coll. number 104 104 104 104
Sample type D1 D2 ] T
Depth (m) 2 2,5 = -
Total wet

welght (g) 0.12 0,11 0.11 =

Oligochaeta
Tabifex sp. - -
Rhynchelmis sp. i 2 - -

Ephemeroptera
Siphlonurns . {(occidentalis ?) - -
Ameletus 8p.
Epeorus {(iron) sp. A, -

|
1

[RV ANV AW ]
¥

Diptera
Chirunomidse

Procladius sp.
Corynoneura gp.
Cricotopus sp. A,
Euklefferiella sp,
Tanytarsus sp.

S Unidentified

= Aeriagl diptera

[ ] [ S L N B o B |
[y

n [ V. S I B B & 1Y

~J [ERWVAVARYa I B+ O |

~3 T3ty

Mise, Insecta

Acarins
Lebertia sp. - - 1 -

Total number of
invertebrates . _ 1k 26 Lo 15

Phytoplankton counts (cells/ml)

- “Toll, No, 999-10%

; Species Depth {(m) 0.5
N Chlorophyta
# Chlamydomonas sp. 10.9
[ Chrysophyta
Acnanthes sp. 32.7
Cymbells sp. 5.4
Cymbella ventricosa ‘ 8.2
Diatoma vulgare 10,9
Gomphonema olivaceun 2.7
~ Hannea arcus 2.7
: Kephyrion sp. 2.7
¥ Navicula sp. 16.3
Synedra ulna 2.7
B Cryptophyta
0 Rhodomonas minuta 87.1

Total cells/m} 182.3 -

v



UPPER MORNING GLORY LAKE
LAKE NO., 23

SCALE METRES
I = 1.
0 50 100

()= COLLECTION SITE
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Locality ‘ UPPER FORNING GLORY LAKE
‘ Site number . 23
: Grid reference 11U/NG440502
: Elevation (metreg/feet) 200€/6580
Altitudinal belt subalpine
Maximum depth {m) : b5
Surface area {(hectares) 1.7
Sampling date 12/V11/73 : 8/V111/74
Collection numbsr (999-) - 103 156
Time : 1200 1200
; Alr temperature (°C) - -
i Sky clear clear
Snow cover (m) - -
Ice cover (m) 30% -
Seecchl disk (m) 4, 5+ -
pH 8.2 -
Conductivity (@25°C) 127 -
= g Samples collected
f Kick - -
7 Dredge X -
Pnytoplankton X -
Macrophytes - -
Zooplankton X -
Shoreline X -
Shore trawl - -
y Fish - -
. Primary production - -
i Water chemistry X -

Stream flow

|
B

] Water temperature : oc
| 0 5.7

e
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- Upper Morning Glory (Site 23)

Summaery of benthile invertebrate samples (numbers collected)

Coll, nmumber 103 103 103

Sample type D1 D2 3
Depth (m) 2 7 -
Total wet
Ephemeropntera
'~ Siphlonurus (occidentalis ?) - - 18
Ameletus sp. - - 2
; Plecoptera
Arqynopteryx aures - - 1
; Diptera
- Chironomidae
Eukiefferiella sp,. 2 1 -
Phaenopsectra sp. 14 - 2
Tanytarsus sSp. 12 - 2
Unidentified - - 2
Diptera pupae 6 - -
. Coleoptera
. Hydroporus compertus - - 3
- Acarina
Lebertia sp, - - 1

Total number of
invertebrates 34 1 31

Phytoplankton counts (cells/ml}

Coll. No, 990-1.3
Species Devoth (m)

Q
un

: Chrysophyta

= Acnanthes sp.

Cymbella sp.

; Diatoma hiemale var., mesodon

¥ Fragilaria vinnata
Navicula so.
Nitzschla sp.

Pyrrophyta
Dinoflagellate sp.

Cryptophyta.: C
Rhodomonas minuta

Total cells/ml
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LINDA LAKE
» 7 LAKE ‘N-O} 2k
SCALE METRES
F _— -
50 100
_ DEPTH IN METRES
L _ (:)= COLLECTING SITE
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5 Locality LINDA LAKE
Site number . 2L
Grid reference 11U/NG437909
Elevation (metres/feet) 2098/6880
Altitudinal belt subalpine
Maximum depth {(m) 12.0
Surface area (hectares) 4.0
Sampling date 12/V11/73 8/VIII/74
Collection number {(999-) 102 155
Time 1000 1000
| Alr temperature (°C) - -
Sky clear clear
Snow cover (m) - -
L Ice cover (m) - -
B Seechl disk (m) 11,0+ -
DH 8.1 -
Conductivity (@25°C) 172 -
Samples collected
£ Kick - -
: Dredge X -
Phytoplankton X -
Macrophytes - -
: Zooplankton X -
b Shoreline X -
Shore trawl X =
il Fish - -
Lo Primary production = v
VWater chemistry X -
7 Stream flow - -
Ly Water temperature an °¢ m %
' 0 7.4 0 7.7
2 7.2
& 5 6.6
7 5.8
10 5.9
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Linda Lake (Site 24)

?g : Summary of benthic invertebrate samples (numbers collected)
Coll, number 102 102 102 102
Sample type : Di D2 s T
Depth (m) 11 3.2 = -
Total wet
weight (g) 0.01 0,01 1.30 =
Oligochaeta )
Limnodrilus =sp. - - - 2
Amphipoda
Gammerusg lacustris - - 6 4
Trichoptera
Hegperophylax sp. - - 1 -
Limmephilidaoe - - 5 -
Dipters
- Chironomidae
: Pentaneura sp. - - 1 -
Corynoneura sp. 12 16 122 -
Cricotopus sp. - - - 1
A Tanytarsus: sp. 6 - - -
f Unidentified 2 1 - -
S Diptera pupae 1 - 1 -
i Mise, Insecta - - 3 -
; Acarina
Lebertia sp. - - - 2
i Total number of
. invertebrates 21 17 139 9

Phytoplankton counts (cells/m}l)

Collc NO. 999-102

%?q . : Specles Depth (m) 0.5

'? Chlorophyta
5 Ankistrodesmus sp. 3.3
Chlamydomonas sp. 6.6

‘? Chrysophyta
) Acnanthes sp, 1.7
Cyclotella minuta 95.7
. Cymbella sp. 1.7
: Kephyrion sp. L7.9
L Navicula sp. 3.3
. Synedra sp. b7.9
. Synedra acus 5.0
i Synedra ulna 3.3

. Pyrrophyta
Wolosynzkia sp. (7) 1.7
Cryptophyta '

Rhodomonas minuts 8.3

Ly

Total cells/ml 224.4
S }




N-61

EMERALD LAKE
LAKE NO, 26

SQALE METRES -

DEPTH IN METRES
= COLLECTING SITE
=~~~ = GILL NET SITE
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Locality EMERALD LAKE
Site nuzber 2¢€
Grid reference 11U/NG 327990
Elevation (metres/feet) 1300/4272 ‘
Altitudinal belt subalpine
. Maximum depth (m) 28,0
L Surface area (hectares) 116
[
Sampline date 17/V1/71  WNIII/?1 0 10/IX/73 24/1/74
Collection number (999-) 4 15 139 146
Time 0830 1300 1200 1200
Air temperature (°C) 12 26 ' 17 -1
Sky : ~ rain clear clear cloudy
Snow cover {(m) - - - 0.35
Ice cover {m) - - - 0.44
Secchi dislk {m) 2.0 1,0 5.2 -
DH R.1 8,2 8,2 -
Conductivity (@25°C) 2k2 198 220 -
Sanplcs collscted
Kick - - - -
Dredge X - - X
i Phytoplankton - - X X
r : Macrophytes - ~ X -
L Zooplankton X X X X
Shoreline X X X -
Shore trawl X X - -
Fish (14/V1/73)
Primary production - - X -
Water chemistry X - X -
Stream flow = - - -
Water temperszsture m °c m °c m ©°c m °C
. 0 9.2 0 17.0 0 12,8 0 0.5
1 9.0 1 16.0 1 12,6 1 2.0
. 2 7.5 2 13.58 2 12,4 2 4,0
5 b 7.0 L 11,0 4y 11,8 4 4,0
A 7.0 6 10.0 7 10,8 8 4.1
. B8 6.5 8 9.0 10 9.5 12 4.6
15 5.0 12 6.0 20 4.6
20 5,0 14 £.,0 26 b,s
22 5.0 16 5,5
18 5.0
20 5.0
22 5.0
&




Emerald Lake (Site 26)

N-63

Summary of benthic 1nvertebrate.samples {(numbers collected)

Coll. number
Sample type
Depth (m)
Total wet
weight (g)

i 0
D1 S
15 -

15
S

15
T

139 146
3 D1
- 16

9.92 0

Cligochaeta
Limnodrilus

Firudincides

Helobdells staqnélis - -

Amphipoda
Byalella aztecs

Ephemeroptera
Baetls sp. A,
Siphlenurus

- 122

(oceidentalis ?) - -

Paraleptophelblia
bicornutsg

Centroptilum sp.

Trichoptersa
pero a .
E?gnegk?1¥%a§ S?
Divptera
Tipulidae
CZhironomidae
Pentaneura sp.
Procladlus sp.
Tanytarsus sp.
Chironomus sp.
Chironomus

(limochironomus) sp. 28 -

Cdonatsa
Aeshna Dalmata
Aeshna interrupta

Gastropoda
Lymnaea arctica
Gyralus parvus
Physia Byrina

fvyralus clrcumstriatus -

Pelecynoda

Tisidium casternatun

Wi
11

N

&5 0N

i O

60

I MdEan

01

Total number of
invertebrates

52 202 2

120

78

67 10
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EMERALD LAKE

Phytovlankton counts (cells/ml)

{(d Coll. No. (999) 139 139 139 146 146

Species Depth (m) 0.5 h.o 10.0 1.0 10.0
Chlorophyta
¢ Chlamydomonas sbv. - 83 14.9 - 1.5
o Crucigenia gquadrats - - - £.0 -
Dictyosphaerium pulchellunm - - - - 4eg,0
Chrysophyta
P Acnanthes sp. 1.7 8.3 8.3 - -
L Acnanthes flexella - 1.7 - - -
Acnanthes microcephala 1.7 - - - -
Bitrichia chodatii 1.7 6.6 5.0 - -
Chrysoikos gracilis - - - 1.5 -
Cyclotella minuta - 9.9 3.3 13.5 1356.,5
£ Cymbella sbp. - - 1.7 - -
§ Dinobryon sp. - - - 1.5 -
e Dinobryon attenuatunr - - - 1.5 -
. Dinobryon cylindricum - - - 1.5 15,0
5 Dinobryon sociale 134,0 371.3 372.9 1.5 -
i Sinobryon sociale
var, americanum - 3.3 3.3 - -
Kephyrion spp. 13.3 47.9 33.0 73 745
Kephyrion littorale - 5.0 5.0 13.5 15.0
Kephyriopsis sp. - - - 12.0 6.0
NaVicula Spo 303 6-6 5.0 - -
Pseudokephyrion smv. - - - 4,5 -
Synedra sp. - - 3.3 - ~
Synedra radians - - - 3.0 36.0
Pyrrovhyta
Ceratium hirundinella - 3.3 1.7 - -
Wolosynzkia szp,. - - - 1.5 -
- Gymmodinium helveticum - - - - 1.5
: Cryntophyta - ‘ o
© Rhodomonas minuta - - 1.7 10.5 22,5
) Zooflagellate (7?) - - 500.4 - -
Cryptomonas 8D 303 6.6 ul;j ?a3 1-5

Total cells/ml 159.0 478.8 1000.5 1320.€6 1303,0




DUCHESNAY LAKE

LAKE NO. 42
_SCALE METHES
)
0 100

(:); COLLECTION SITE
. .DEPTH IN METRES
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1 Locality DUCHESNAY LAKF
Site nunber L2
Grid reference 11U/NH347080
Elevation (metres/feet) 1595/5230
Altitudinal belt Subalpine
Maximum devth (m) 1,0
Surface area (hectaresg) 3.5

1

{ Sampline date 14/V111/73
Collection number (999-) 124

: Time 1300

s - Atr temverature (°C) 20,6

- Sky clear

P Snow cover (m) -

{ Ice cover (m) -
Secchl disk (m) 1,14

re pH 9.2

L Conductivity (@25°C) 138

. Samples collected

i Kick -

i . Dredge X

Phytoplankton X
£ Macrophytes -
i Zooplankton X
Shoreline X
r~ Shore trawl X
é; Fish -

Primary production

<

- Water chemistry

I Stream flow -

L% o
Water temperature m C

% ' 0 17.9

¥ 0.5 17.9

) 1.1 17.8




SHERBROOKE LAKE
LAKE NO, 47

SCALE METRES
0 100 200

DEPTH IN MEYRES
(8)= COLLECTION SITE

N-69



L Locality SHERRROCKE LAKZ

Site nunter 47
Grid reference 11U/NEY28005
Elevation (metres/feet) 1800/5918
Altitudinal belt subalpine
. Maximum denth (m) 12
i Surface ares (hectares) 35.0
Samnline date 11911 /71 AVIT/?73 0 13/911/73
Collection nunber (999.) 11 92 105
N Time - - 1020 1400 1000
i Alr temverature {(00) 19.0 - -
) Sky : clear rain clear
: Sricw cover {m)} - - -
] Ice cover {(m) - - -
Secchl disk {(m)} 3.8 - 2.2
F oH BR.> - 2.7
- ' Conductivity (€25°C) 174 - 165
Samples collected
Eiex - - -
Dredce - ‘ X X -
Phytoplankton X - ¥
" Macrophytes - -~ -
Zoonlankion - - X
Shoreline X X S -
Shore trawl X X -
Fish - - -

i
]
P

Primary broduction

, Water chemistry X - -
f Strean flow - - -
Water temperature m “c - it OC
0 R,% 0 6.5
; 2 7.0 2 A.,5
- Lo A% R 6,2
A ALD
28 £.7
10 5.8
12 5.5
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Sherbrook Lake (Site 47) .

Summary of benthic invertebrate samples (numbers collected)

N-71

Coll. nurber
Sample tyvpe
Denth {(m)
Total wet
weight (g)

11
D1
12

11
S

92
D1
i

G2
a2
1

<

0.93 0

» 30

92
L3
a

0,40

3z
3

llP

o2
f‘-'|

0ligochaeta
Limnodrilus sp.
Tubifex sn,
Rhynchelmis sp.

Amphipoda
Gammarus lacustris

Lphemerontera
Paramelctus sp.
Ameletus sn.
Siphlonocurus ep,

Plecoptera
Alloperla (fidelis ?)
Isoperla ebria

Trichoptera
Hesperophvliax sp.
Limhephilidae

Diptera

Tipulidae

Chilrononidane
Procladius sn,.
Corynoneura sp.
FPhaenowsectra sp.
Tanytarsus sp.
Chironomus sp,
Chironomus

(limrochironomus} sp. -

Unldentified
Diptera pupae

Hymenopters

Coleoptera
Agabus tristis

Misc. Insects

Peleéypoda
Pisidiun ventricosun
Fisidium 11lejeborzel
Pisidium subtruncatum

Nematoda
Unldentified

Ll o

§

—_

PN

1

PO

Total nuiater of
invertebratesy

40

B9

L5

64

47

21



N=72

SHERBROCKE LAKE

Phytoplankton counts (cells/m1)

Coll. No. 999-105 999-105 999-105
2

“necies Denth (m) 0,= .0 R,0
Cnrysophyta
Achnenthes sp. - 10.9 3.3
Achnanthes microcephala 5.0 - 3.3
; Cinobryion ecylindricum 740.9 1.9 779,2
§ “omphonera so. - - 1.7
; Kephyrion sp. £uf 3.5 -
; HJaviecula sp. - - 1.7
§ Pinnularia sp. 1.7 - -
; Synedra so, - ~ A6
: Synedra acnus 1.7 7.3 -
; Total cells/ml  75%,0 RA3 .7 POc, R
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SINK LAKE

LAKE NC, 48

SCALE METRES
()-'-:'ﬁoo

(:)= COLLECTION SITE
bm--d = GILL NET SITE
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N-74

Loeality . ' SINK LAKE
Site number . : . 48 |
o Grid reference , 11U/8G482998
: Elevation (metres/feet) 1622/5320
Altitudinal belt subalpine
Maximum depth (m) 2.0
Surface area (hectares) B 5.0
Sampling date 17/v1/71  5/viII/71  5/VI/73 30/VIIL/73 24/1/74 -
Collection number (999-) 6 18 58 137 147
Time 1900 1300 1i30 élgo 3530
o 27 1 .
gi; temperature (°C) ifoudy clear cloudy cloudy snog
Snow cover (m) - - - - 8:27
Ice cover (m) - = 2. 0+ 2.0% -
Secchl disk (m) gcg g'g 8.15 a1 -
T . . : . -
Conductivity (@250C) 231 203 264 175
Samples collected :
Dredge X X - - %
Phytoplankton X N ¥
Macrophytes - - X ~ -
Zooplankton X X X X X
Shoreline X - X - i
" Shore trawl X X X - -
Fish . (13/v1/73) :
Primary production = - X X
Water chemistry X - X - -
Stresam flow - - - -
o o o
Water temperature m °C m 9C m C m °C m °¢C
o 0 10.5 0 20,0 0 10.3 0 10.4 0 0.5
1.0 20,0 1.0 10.2 1,0 10.6 0.5 0.7
2.0 30,0 2.0 9.8 2.0 10, 1.0 1.3




Sink Lake {Site 4R)

Sunmary of benthic Invertebrate samples (numbers collected)

Coll, number 6 & [ 18 18 58 58 149
Snmple type D1 3 T D1 T 3 T D1
Tiepth (m) 2.0 - - 2,0 - - - 1.0
Total wet

welght {g) - - - - - .47 - 0,79

Glicochaeta .
Tubifex sgp. 5 - - 3 ” - B
Dhynchelmis sp. = - 2

Hirundinoliden

Helollella stagnalls - - i 19 L. - - 3
Erpohdella purctata - - - - - 3 - Z
v Amphipoda
Eyalella aztcea . .2 147 21 1 - - 1k -
Gawmarus lacustris - - - - - - - 1
Cladécera
furycercus lameliatus - - - - 11 - - -
Doaphnia pulicaris - - 2 - - - - -
. Simnocephalus vetulwvs - - 124 -2 - - -
Ephemeroptern
Siphlonurus .
' (occidentalis ?) - 1 - - - - -
R Centroptilum sp, - 23 - - - 26 23
i Trichoptera
P Glyvhotaellus sp. A. - - - - - - 2
Plmnenhilidee - - - - - 11 3
kystacldes sp. 3 - [ 2 - - 5 -
. Diptern
5 Heleddae
) Alluaudomyia =p, 2 - - - - - - -
Chirononidae
Precladius so, 14 2 - - - 1 o 12
! Pentaneura sp. - - - - 1 1 5
Tanytarsus sp. - - - - 11 - I3 35
Phasnopsectra - - - - - - i1
Chironomus ]
{1lmnochironomus) - - - - % - Lo
Brillin sp. A, 27 - - - - - 13
Diamesa =p, A, 2 - - - 2 - - -
Unidentified 21 - ? - g - 1 -
) Livtera pupae 2
. Qdonata
: Aeshna pnlmata - - - - - 1 -
Enallagma boreale - 5 - - - - -
Hymenoptera
Formicinae - - - - - - 1 -
i Coleontera
Haliplus sp, - - - - - 2 - -
) Hydroporus .
gristostriatus - - - - - 4 1 -
: . Acarina
o . i Limnesin sp, - - - - - - 1
Piena sn. - - - - - - 1 -
Untonicela sp. - - - - - - 1 -
Libertin ap, - - - - - - - 2
Pionldae - - - - - - - 2
o lintdentified 1 - I - 8 - - -
Gastropodn
* Fhysin evrinag 1 - - -~ - L - -
3 Televpodn
i Fiatdinmg nitidiue - - - 1 - - - -
- ey of Y0 198 165 28 196 55 66 120




N-76

SINK LAKE
Phytoplankton counts (cells/ml)

Coll. No. (999) 58 58 137 137 147
Species Depth (m) 0.5 ‘ 1.5 0.5 1.5 Q.5

Chlorophyta
Carteria sp.
Chlamydomonas sp.
Oocystis elliptica
Oocystis gigas
Oocystis parva
Mougeotla sp.
Quadrigula lacustus
Cyanophyta
Oscillatoria
Chrysophyta
Aehnanthes sp.
Achnanthes flexella
Achnanthes microcephala
Cyclotella sp,
Cymbella sp.
Cymbella amphicephala
Dinobryon sertularia
Fragilaria crotonensis
Gomphonena sp,
Gomphonema intricatum
Kephyrion sp.
Navicula sp.
Nitzsechia sp.
Pinnularia sp.
Salopingoea sp.
Synedra ulna
Synedra sp.
Cryptophyta
; _ Cryptophyta sp.
B Rhodomonas minuta
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SUMMIT LAKE
LAKE NO. 49

'SCALE METRES
50 100

DEPTH IN METRES

(:)= COLLECTION SITE
~--"%= GILL NET SITE

N=77



[

Locality

SUNMKIT LAKE

Site number 49
Grid reference = 115 /NG492999
Elevation (metres/fest) 162R/5340
Altitudinal belt subalpine
Maximum depth (m) ' 1.2
Surface area (hectares) 2.0
Sampling date 1/V1/73 12/V1/73 30/V111/73
Collection number {(999-) 54 sLp 138
Tinme 1015 0900 1015
Air temperature (°C) £.8 9.0 8,2
Sky ‘ cloudy cloudy cloudy
Snow cover (m) - - -
Ice cover (m) - - -
Seechl disk (m) 1.2+ 1.2+ 1.2+
pH _ R.3 8.1 8.1
Conductivity (225°C) 190 270 2A0
Samples collected
Kick - - -
Dredge ¥ - X
Phytoplankton X X X
Macrophytes - - X
Zooplankton X - X
Shoreline X - -
Shore frawl X - -
Fish 9, 1973)
Primary production - X X
Water chenistry X - -
Stream flow - - -
Water temperature m Cc - o OC
0 10.6 0 6.3
0.5 10,6 0.5 9.4
1.0 10.6 1.0 10.1
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Summit Lake (Site 49)

Suminary of benthic invertebrate samples (numbers collected)

N=-79

Coll., number
Sanple type
Depth (m)
Total wet
welght (p)

sk 8L Ak
Di D2 D3
0.7 1.0 1.2

5l
5

S
T

0.230 3,32 2,15 2,85 -

138
D1
0.7

1.582

132
n2

1.

2'

0

La

Clirochaeta
Lipnedrilus sp.
Rhynchelmis sp.

Hirudinoides

22 - -

lielobdella stagnalis ~ 2

Erpobidella punctata
tephelopsis {obscura ?)

'

b rown
]
1

Glossophonia
complanata
Mooreobdella furvi

Ephemeroptera
Centroptilun sp.

FPlecopters
Hemoura areponensi

Trichontera
Bankslolin sno.
ILimmephilicae

CWystacedes op,

Dintern

Culicidae
Aedes

Heleldae
Alluvaudonyia so,

Chironomidae
Procladius snp.

~ Pentaneura sp.
Cricotopus sp.

Psectrocladius sp, -

Chironomus sp.
Sergentia sp,
Tanytarsus sp,.
Unldentified
Diptera pupae

Heterortera

da - -

= - ~ -

]
I 0w W
[
e

1
]

21 64 27

1
=Oon

Slgara (vermicorixa)

alternata

Odonnata
Synmpetrum so,
Ischnura perparva

Hymenontera
Eyrmicinae

Acarina
Arrenurus sp,
Lebertia sp.

Araneoe (unidentifTied)

Pelecypada
Pisidium conventus
Pisidiur subtrunca

AV}
1
1

1
T
]

tom

Pisidium casternatunm - 15 -

Gastrovods
Lywn=en starinlis
Lymrines ap.

14

E= N B

ey

11

D

1 &~

£ 0wt

~J1

20

L o T ]

N =

10

Totol number or
Invertebrates

63 1hs 72

33

69

b7

85



SUMFKIT LAK=

“Fhytonlankton counts {(cells/mil)

Coll. No. (999) 54 s4 138
Snecies Depth (m) 0.5 0.5 0.5
“hlorophvta
Ankistrodesmus sniralis - - AR
Carteria sp. 3.6 1.7 -
Chlamydomonas sp, - -~ 1.7
Cosmarium sp. - 1.7 1.7
Lagerheimia gquadriseta - - 1.7
fougeotia sov, - - 1.2
Neplirocytium agardhianum 14.¢ 13.4 -
Qocystis parva 3.6 1.7 -
Pediastrum tetras - 1.7 -
Scenedesmus bi juga - 9.9 £.6
Scenedesmus brasiliensis - - (S
Scenedesmus gquadricauda + 3 - -
Schroederia setigera - - 1.7
fetraedon minimum - 5.0 -
Cyanophyts
Lynrbya so. 0.8 - -
Merismopedia glauca - 26,4 -
Cscillatoria sp. 5,2 - -
chrysovhyta
Acnanthesg sp. 29.0 3,7 -
Acnanthes microcevhals 7.2 72,6 5,0
Cymbella sv, ik, s .6 1.7
Denticula swu. - 1.7 -
Biatoma hiemale var. hiemsle 7.3 - -
Dinobryon sertularis 73 9.9 -
Lpithemia sp, - 1,7 3.3
Fragilaria crotonensis 25.4 18,2 -
Gomphonema sbp. 3.6 3.3 -
Gomphonema acuminatum 3.6 - -
Kephyrion sp. 870.9 94,1 2,3
Navicula sv. 79.8 Ly & 21.5
Navicula radiosa 14,5 - -
Nitzschia so, 7.3 16,5 1.7
Nitzschia pales 2.6 1.7 -
Pinnularia sp. 3.6 - -
Pseudokephyrion parvum 254,0 5.0 -
Stenocalyx sb». - ~ 1.7
Synedra sp. - 8.3 -
Synedra ulna 3.6 1.7 -
Pyrropvhyta and Cryptophyta
Cryptomonsas sp. 14,5 - 21.58
Glenodinium sov. - 3.3 -
Rhodomonas minuta 14.5 16,5 1133,7
Total cells/ml 1571.0 401.7 226.2



2 d

Site nurkar 102

Grid refesrence ' 11U/N"hn59RR

Elevation {metres/fect) 1205 /U240

Altitudinal belt subalnine

Maximum devth (m) 0.5

Surface aresz {(hectares) -

Samnlinx date . 10/51/73 28/I11/73

Collection nucber (9Q9-) 74 133

Time 0900 1530

L3y temperature {(°C) - 15,0

SKy : cloudy cloudy

Snow cover {x) - -

Tee cover (i) - -

Secenl disit () .5+ 0.5+

oil ' 7.0 -

Conductivity (225°C) el -

Sanples coliected
Kick ¥ Y
Dredze - -
PhytoplankKton - -
Macrophytes - -
Zoopnlankion - -
Shoreline - -
Shore trawl - -
Fisgh - -
Primary w»nroduction - -
Water chemistry L -
Stream flow (24/NT1/773)

Water temperature S 7.8
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Tece River (Site 102)

_ Summary of benthic invertebrate samples (numbers collected)

Coll, number
Sample type
Total wet
welght (g}

76
K1

quq 0095 0'?9

76
K2

76
K3

133
K1

133 1
K2

0,40 1.03

33
K3
0

[~4

4
-

Cligochaeta
Rhynchelmis

Tricladida
Polycelis coronata

Foheneroptera

Baetis sp. A,

Rithrosena (robusta 7)

Cinyermula sp,.

Ameletus sv.

Epéoruc (ironopsis)

grandies

Ephemerella coloradensis

Eveorus {(iron) sp.

Ephemerella doddsi

Ephemerells {invaria)
{inermis ?)

Plecoptera
Arcynopteryx aurea
Alloperla fidelis
Capnla sb.

Nemoursa oregonensis
F¥emoura columbians

- Trichoptera
Glogsosoma SP.
Parapsyche sp.
Rhyacophila sp.

Diptera
Blephariceridae
Bibiocerhala sp.
" Simulidae
Tetanoceridae
Ephydridae
Empididae
Chironorldae
Eukiefferiella sp.
Fetriocnemus sp.
Tanytarsus sp.
Unidentified
Diptera pupae
Aerial diptera

Fisc., Insecta

Araneae
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Total nunmber of
invertehrates

107

121
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Locality _ ATAVERFCOT RIVER

Site nuibher 104
Grid reference 11U/NG29970A
Elevation (metres/feet) 1094 /3400
Altiltudinal belt subalnine
Maximum devth {(m) 1.0
Surface area {hectares) -
Samnline date 19/v1/73 10/1%/73
Collection nurber (999-) 77 ‘ 141
Time 1hon 1270
Al temperature {(°C) - -
Sky clnndy clear
i Snow cover (m) - -
L Tee cover {m) - _
Secchnl disk (m) 1,0 N7
: v T.a -
€ Conductivity {€25°C) 3 -
- Sampies collacted
: Kick Y b
Dredgze : - -
Phytoplankton - -
Macrophytes - -
Zooplanktion - -
Shoreline - ‘ -
: Shore trawl ~ -
J Fish - -
Primary production - -
Water chemistry Ko -
Stream Tlow - -
Water temperature 7.7 R.8

b




Beaverfoot River (Site 10L)

Summary of benthle invertebrate samples (humbers collected)

N-84

Coll, number
Sample type
Total wet
welight (g}

777 77
K1 K2 K3

0.23 0.01 0.21

141
K2

0.05 0,10

141
K2

141
K3

0.64

Ephemeroptera

Baetls sp., A.

Baetis sp. B.

Rithrogena (robusta ?)

Cinyzmula sp.

Ameletus sp.

Parameletus sp.

Epeorus (iron}
{deceptivus ?)

Ephererella (invaria)

) {inermis ?)
Ephererells proserpira

. Plecoptera

Unidentifiled
Alloperla (fidelis ?)
Nemoura oregonensis
Nemoura catarsctae

Trichontera
rachycentrus sp.

Diptera

Tetanoceridae

Ephydridae

Tabanlidae

Empididae

Chironomidae
Brillia sp. A
Eukiefferlislla sp,.
Sergentia sp, A,
Psectrocladius sp.

Diptera pupae

Aerial Diptera

Heteroptefa
iesovelia sap,.

Collembola

Misc, Insecta
Acarina
Arancae

Castropoda
Lyrnaea sp.
Valvata sp.
Gyralus crista
Gyralus sbo.
Planorbula sp.
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Total number of
invertebrates

32 10 16

21

258



Locallty - KICKING FORSF RIVER
Site nuzoher , 1064

Grid reference ' 11U/NGC 204742
Elevation (metres/feet) 1140/3750
Altitudinal belt subaloine

Maximum depth (m) 0.5
Surface area (hectares) -

N=-85

Sampline date | 1L/N11 /71 20/V1I1/71 20/V11/73 7/VIi1/73
Collection number (9QGg.) 9 - 23 70 110
Time ' ‘ 14130 0930 1100 1400
Alr temperature (°C) . 21 18,5 - -
Sky ' clear clear . cloudy cloudy
Snow cover (m) _ - - . - -
Ice cover (m) - - ' - -
Secchl disk (m) 0.5 0.1 0.5 -
‘OH Q.2 8-2 709 -
Conductivity (225°C) 198 176 198 -
Samples collected
' Kick ' X X X X
Dredge : - - - -
Phytoplankton - - - -
Macrophytes - - _ - -
Zooplankion - - ‘ - ~
Shoreline - - ' - -
Shore trawl - - - -
Fisn - - - -
Primary production - - - -
Water chemistry X X X -
Stream flow - = - =

Water temperature 12.5 75 7.0



Kicking Horse River (Site 108)

Sumnary of benthic invertebrate samples (numbers collected)

Coll, numbar 70 70 70 110 110 110 9
Sample typ= Ki K2 K3 K1 K2 K3 K1
Total wet
weight (&) - = 0.33 0.,A1 0,26 0,38 0,15
Emphemeroptera
“aetls so. 1 3 - R 5 - -
‘tithrogena (robnsta) 14 1 1 1 - - -
Cinyzisula sp. 1 - 3 14 14 1h
Tarareletns sp. - - - 1 - -
peorus {(inonovsis)
Frandis 1 R’ . 2 2 - 6
“peorus {iron) sp. A, - 1A 1A 132 38 25 11
Fphenerella dodds) 2 1 - 1 1 4 -
“phemerella (invaris)
inermis ? - 1 2 2 - - -
- dhemerella coioradensis - - - 1 - - -
“phemerella margarita - - - 21 - -
Plecoptera
Arcynonteryy aurea - 1 - - - - -
Alloverla (fidelis 7) 3 - 1 10 7 L 1
Isoperla fulva 3 ~ - - - - ~
Trichontera
5lossosomAa sp. 21 - 7 - - - -
Parapsyche su, ? - - - 1 - -
2 ptera
Slephariceridae
Eiblocephala sp. - 3 - 1 - - -
Chironomidae
Fukiefferiella sp. 2 3 2 - - - -
ietriocnemus sp, - A 27 1 - 5 -
Inidentified - - - - 1 - 3
Total number of ,
invertebhrates 50 43 59 177 70 82 21



N-R?

5 Locality POACUPINF CREFK
Site nunber ' 107
Grid reference : 11U/ 296797
Elevation {(metres/feet) 112473700
Altitudinal belt snbsloine
Maximum devth (m) - 0.5
Surface area {(hectares) -
Samnling date 20/V1I /73
Collection nurber (999-) 79
Tiwe . NR10
Alr temverature. {(°C) -
Sky cloudy
Snow cover {m) -
Ice cover {(m) -
Secchl disk {m) n.5+
Bl 7.9
Conductivity (@25°C) - 2073
) Samples collzscted _
Kiek = X
Dredce -
) Phytoplankton -
lacrophytes -
Zooplankton : -
Shoreline : -
. Shore trawl -
- Fisgh -
- Primary production -
Water chemistry ' 4
Stream flow (2L/Y¥1I and 22/VIII/73)

Water temperature 4,0




- Forcumnine Creek {Site 107)

Summary of benthic invertebrate samples (humbérs collected)

Coll. number 79 79 79
Sample type K1 K2 K3
Total wet
T phemeropters
Baetie gp, A, . - A 7
) Aithroszena (robusta) 16 20 27
: Foeorus (jronopsis)
grandis 1 - -
7 Flecoptera
! Alloperia (fidelis ?) 2 1 L
Capnia sp. 1 2 1
Memnura cinctepes 1 -
Trichoptera
lossosoma sp. 1 - -
‘ Ahyacophila sp. - - 1
Diptera
F o Chironomnidae
? ) Ciamesa sp. 1 1 -
: Erillia sp. ‘ - 1 2
Znkiefferiella sp. 1 O |

) Total number of
P invertebrates ' 27 35 43
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Locality

Site nunher

Grid reference
Elevation (metres/feet)
Altitudinal belt
Maximum devth (m)
Surface aresz (hectares)

CTTERTAIL RIVER

10R
11U/NG 310870
1155/3800
subalpine
1.0

N-89

Sarnlina date

19/V1/73 9/V11/73

Collection nunber {9a9-) 78 95
Time : 1400 1400
Air temveraturs (°C) - -
Sky - clear
Snow cover {m) - -
Ice cover (m) - -
Secchil dlsk (m} - -
oH R,1 -
Conductivity (225°C) 302 -
Samples collected
Kiek - X
Dredge - -
Phytoplankton - -
Macrophytes - -
Zooplankton - -
Shoreline - -
Shore trawl - -
Fish (31/v11/73)

Primary production
" VWater chemistry
Stream flow

Water temperature

" - ,
(24/VI1 and 20/VITI/73)
?-2 -



N-90

Cttertail River (Site 10R)

Summary of banthic invertebrate samples {(numbers collected)

ey

JE—

Coll., nuzber 95 95 g5

r sanple tyoe , K1 K2 K3
g. Total wet
‘ weight (g) 0.30 0.25 0.19

Cligochaeta

s Limmodrilus 1 - -
. Tricladida
Li Tolycelis coronata 1 - -
7 Ephemeroptera
N Eaetlis sp. A % 6 2
Rithrogena {robusta ?7) 16 12 5
Cinyemula sp. 1 1 -
;o Parameletus sp. - 1 -
L Epeorus (ironopsis)
grandis - 1 -
: Fpeorus (iron) sp. 6 b -
= fphemerella doddsi - - 1
o Plecoptera
? Nemoura oregonensls 2 1 -
Nemoura sp. - 1 -
: Trichoptera
L Glossosoma Sp. 2 1 1
Parapsyche sp. 1 - 1
Rhyacophlila sp. - 1 =
Diptery
Empldidae 2 - -
Tetanoceridae - 1 -
Ephydridae 7 1 -
Chironcmidae
Yukiefferiella sp. 3 1 1
»isc, Insecta 2 1 1

Total number of :
-1 invertebrates 50 33 16




N-91

; Locality OTTERTATL RIVER
Site nunber | 109
= Grid reference ' 11U/NG3558473
- Elevation (metres/feet) 1337/4400
Altitudinal belt subalpine
Maximum depth (m) . 0.7
Surface area (hectares)’ -
Samnline date’ 9/NI111/73
Collection nunber (999-) 118
Time : 1400
Atr terverature (°C) - :
Sky _ cloudy
Snhow cover (z) -
Ice cover (m) -
Secchi disk (m) 0.3
‘ pH -
- ~ Conductivity (£25°C) ' -
. . Sazples collected
: Kick , X
Dredaze _ ' -
Phytoplankton -
; iacropnytes -
 : Zooplankton : -
. Shoreline ‘ -
e Shore trawl -
. ish -
Primary production -
1 " VWater chemistry -
Stream flow : -

Water tempersture -

L3

i




N-92

Ottertall River (Site 109)

Lymmary of benthie invertebrate gamples (numhers collected)

_ Tell. nmumber 118 118 11R
I Sample Lvne K1 K2 K3
il Toatal weh
welght (g') 0.29 0.10 0.19
Tnhemeraorterns "
Daetis Sn, A, 9 A 1
: i throgena (robusta ?7) 29 Q 10
; Cinyemula so, ' 3 - 5
! “penrus {(ironopsis)
grandi s - 1 -
“peoras (iron). so. 27 10 18
“phemarella doddsi 2 1 -
Plecontera
Arcynontervy aureas i - -
Temnura oregonensls - 1 1
Memoura columblana 1 -
R Trichoptera
i Faransyche sp. ) - - 1
: thyacophila sn, 1 1 2
Mintera
e T RPlephariceridae
Bibiscephala son. 1 - -
“hirononidae ‘
- Unid., 1 - -
; fakiefferiella so. 1 - -
L Yetrocnemus sp. - 1 -
Jintera nunae - - 1
MHise. Insecta - - 1
¥ Total number of
invertebrates _ 75 30 4o
3
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UPPER OTTERTAIL RIVER

Locallty

Site nuaber 110

Grid reference 11U/NG420808
Elevation (metres/feet) 1459 /4800
Altitudinal belt subalpine
Maximum devnth {m) 0.7
Surface area {hectares) -
Samonline date 9/VI1i/73

Collection number (QQ9-) 117
Time 1200
Atr temperature (°C) -
Sky ' clear
Snow cover (=) -
Ice cover (m) -
Secchl disk (m) -
pH -
Conductivity (@25°C) -
Samnples collected

Kick ' X

Dredge - -
Phytoplankton -

" Macrophytes -
Zooplankton -
Shoreline -
Shore trawl -
Fish -

Primary production
Water chemistry
Stream flow

Water temperature



N -9k

Gttertail River (Site 110)

Summary of benthic invertebrate samples (numbers collected)

o Coll, number 117 117 117
Sample type K1 K2 K3
Totel wet ‘
welght {(z) ' 1.39 1.00 1.38

Tphemnerontersa

L faetis sp. A ' 46 36 36
41 throgena (robusta ?) 28 31 L 36
Cinyesmula sp. 33 10 22
Epeorus {ironopsis)
grandis 2 9 11
; toveorns {iron) sp. A 3h 35 46
g phemerella doddsi - 2 2
Plecoptera
: Arcynopteryx aurea b - -
Li Camvmia sp,. _ : = 2 2
Nemoura oregonensis 11 L 13
- Nemoura columbizana - 3 -
Nemonra cataractae . 1 - 1
- - Trichontera
. Glossosoma SD, - 1 -
o Paravsyche sp. 2 - 2
B . Hhyacophila sp, . 6 3 7
L. Diptera
Tipulidae 1 - S
Elephariceridae
: Bibiocephals sp. - - 1
" 3imalidae - - 1
Chironomidae :
: Unid. DPiamesini - 1 7
ws Eukiefferiella sp. 2 2 19
i Diptera pupae 2 - -
Mlsc. Insecta - - 2
Acarina
i ‘Iebertia svo. : - 1 -
Total numrber of
invertebrates 172 1ho 208




" Locality CTTERWEAD RIV:
Site nuskher ' 111
Grid reference 11U/NG2928973
Elevation (metres/feet) 1149/3780
Altitudinal belt subalpine
Maximum depth (m) 0.5

Surface srea (hectares) -

]

o/NITII/73

Samnline date 13/81/73
Collection nucber (999-) AQ 120
Time 1220 1600
Alr tezperature (°C) - -
Sky cloudy rain
8now cover () - -
Tece cover (n) - -
Seechl dibﬂ (m 0.5+ -
pil R L2 -
Conductivity (@2500) 2073 -
Samples collected
Kieck x :
Dredge - -
Phytoplankton - -
Macropnytes - -
Zooplankton - -
Shoreline - -
Shore trawli - -
Fish \ S (31/¥11/73)
Primary production - -
Water chenistry ¥ -
Stream flow (11/%11 and 20/Viii/73)
Water temperature 7.2 -



" Otterhead River (Site 111)

Summary »f benthic invertebrate samples (numbers collected)

Coll. mumber : 69 A9 69 120 - 120 . 120
Sample type K1 K2 K3 K1 K2 K3
Total wet ' _

welght (e) _ 0.09 0.33 0,21 0.37 0.18 0.25

0liecochaeta

Limnodrilus sp. 1 - ~ - 1 -
Fohemeroptera

Baetis sp. A. 28 15 10 1 2 3
Hithrogena (robusta ?) A 22 9 26: 18 13
Cinyemulsa sp, - 5 12 5 1 L
Tpeorus {ironopsis) :

srandis 2 11 13 - - -
Fpeorus (iron) sp. - - - 23 12 22
Parameletus sp. - ~ - 1 - -
Zphemerella doddsi - - ~ 1 - -

Plecoptera

E Capnia sp. -
= ks Memoura oregonensis -
5 Nemoura sp. -
Nemoura columblana -
41loperla (fidelis ?) -
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Trichoptersa
Glossosoma sp. -
Parapsyche sp. -
Rhyacophila sp. 1

[RVAEVE
-y
1
1
g
|~

. Dintera :

Similidae - 1 - 1 - 1

Tetanoceridae -

Ephydridae 1 - -

Heleldse .
Allusudomyia sp. - 1 - - - -

i
N
I
I
!

fay
I
f

-4 Chironomidae
Pentaneura sp,
Fukiefferiella sp. 1
Metriocnenos sp.
Orthocladius sp.
Unidentified

Aerial diptera

11

11

i
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Acarnia
Sperchon sp. - - - - 1 -

Total number of
invertebrates 59 90 53 €5 Lo 26




Locality ' KICKING ECRSY RIVIR

Site ruoher 112

5rid recference 11U/N531089°

Elevetion (metres/feet) 1140/3750

Altitudinal bhelt ~ subalnpine

Maximum devth (m) | 0.5

Surface area (hectares) -

Samnling date 13/V1/73 9/VII1/73

Collection number (QQQ-) AR 119

Tipe 1200 1500

Arr temperature (°C) - , -

Sky rain rain

Snow cover (=) - -

Ice cover (m) - -

Seechi disk (m) - -

vH 2,42 -

Conductivity (&25°C) 2Ly -

Samples collected ‘
Kick X X
Dredze - -
Pnytoplankton - =
iacrophytes - -
Zooplankton = -
Shoreline - -
Shore trawl = =
Figh - -
Primary production - -
Water chemisgtry X -
Stream flow - -

Water temperature 10.0 -



N-G8

e Kicking Horse River (Site 112)

Summary of benthic invertebrate samples (numbers collected)

Coll. nuunher 68 68 6B 119 119 119
Sample tvpe ' K1 K2 X3 K1 K2 K3
Total wet
welght (&) ' 0,46 0.54 0.23  0.18 0.84% 0.30
0lizochaeta
Limmodrilus - 1 - - - -
- .
Lo Epohemeroptera
Pl Paetis sp. A. b & 1 14 36 20
_ Baetls sp. RE. - 1 - - - -
E Rithrogena (robusta ?) 6 5 1 - 1 1
i Cinygmula sp. 9 6 1 12 26 15
Parameletus sp. - - 2 1 - -
Epeorus {ironopsis)
grandis 7 & 3 - - -
Epeorus (irom) sp. - - - 13 62 16
) iphemerella doddsi 1 7 2 - - -
i Zphemerella (inermis ?7) - 3 - - - -
R Ephemerella coloradensis 2 - - 2 -
_ Ephemerella proserpina - 1 - - 1 -
L Flecoptera
Tsogenus Sh. - 1 - - - -
£3 81loperla (fidelis ?) 1 2 1 1 - 1
;o Nemoura oregonensis g 1 - 1 1 -
t " Nemoura sp. - 3 - - - -
. Arcynopteryx aurea - - - - - 1
e Trichoptera
Glossosoma 8p. b 2 - - 1
Parapsyche sp. 1 - 2 - .- -
Rhyacophila sp. 1 1 - - - -
- Diptera
: Tipulidae 1 - i - - -
- Plephariceridae
N Bibiocephala -sp. 1 - - - 1 -
P Chironomidae
i Upid. Tiamesini - - - - 10 2
Fukiefferiells sp. 5 7 - 1 - 1
& Metriocnemus Sp. b b 1 - - -
Orthocladius sp. - - - - 58 6
Diptera pupae 1 - 2 - - -
¥1sc. Insecta - - 1 - - -

Total number of
invertebrates L3 g7 18 b3 199 A3
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Locality

Site nunher

Grid reference
Elevaetion (metres/feet)
Altitudinal h=alt
Maximum devth {(m)
Surface areas (hectares)

BCULDER CREEK

1173
110 /NG 32A90L
124A /0100
subalpine

0.5

N-99

Sampling date

14/¥11 /71 19/v111/71 1R/N1/73

Collection wnumber (999-) 14 21 75
Time 0200 1515 15400
Alr temperature (°C) 14 21 -
SKy clear cloundy raln
Snow cover (z) - - -
Ice cover (m) - - -
Secchl disk {m) 0.5+ 0.5+ 0,5+
bif f.25 2.3 2.0
Conductivity (€25°C) 209 231 330
Samples collected
Kick ¥ hd X
Dredge - - -
Phytoplankton - - -
lacrophytes - - -
ZooplankKton ~ - -
Shoreline - - -
Shore trawl - - -
Fish - - -
Primary production - - -
Water chemistry X X

Stream Tlow

Water temperature

5% 11.0

(2Ll and_ZO/VfII/735

6.2



N=100

Foulder Creek (Site 1173)

Summary of benthic invertebrate samples (numbers collected)

Zoli. number 14 21 75 75 75

Samole type K1 K1 K1 K2 K3
Total wet
WEjg.'ht (Q) - - 0018 O.LLO 0006
% I'mhemercontera
S 2aetis sp. 1 2 b 3 5
ftithrogena (robusta 7?) - 2 8 13 b4
Tinysmula sp. - - - 1 2
“peorus (ironopsis)
arandis - - 1 5 -
Epeorus {iron) sp. - - - - 2
- Plecontersa
.- Alleoperla (fidelis ?) 1 - 3 5 -
b Tapnia sp, - - = - 1
L Taeltoperla mariana - 1 - - -
nidentified - ] - - 1
B3 Trichoptera
Unidentified - 1 - - -
Jintera A ,
sdimlidae : - - 1 - -
iohydridas - - - - 3
Chironomidae
Cilaresa sp. - .- 11 5 2
Briilia sp. - - i 6 -~
Total number of
invertebrates > 7 29 38 20




N-101

? Locality AVISKWI RIVER
) 3ite nuaker 114
SE Grid reference 11U/¥1317922
] Elevation (metres/feet) 1149/37°n
Altitudinal belt subaloine
Maximum depth (m) 0.5
Surface ares (hectares) -
{ Samnlinz date 13/%1/73 10/VI11/73

‘ Collection nuwmber (999-) 72 121
éa Time Nann 0745
’ Air tezverature (0C) -~ -
I 3Ky ‘ rgin overcast
: Sniow cover {m) | - -
Ice cover {(mj - -
- Seccnt disk (m) - -
£ oH - -
by Conductivity (225°C) - -
Samples collscted
Dredee . - -
Phytoplankton - : -
Macrophytes - ' -
Zconlankion - -
Shoreline - -
Shore trawl - ‘ ~
Fish (1/7111/73)
Primary v»roduction - -
. Water chenistry - X
: Stream flow (11/¥11 and 20/v111/73)
§ Water temperature - 9.4
Gt




e

Amiskwi River (Site 114)

summpary of henthic Invertebrate samples (numbers collected)

N-102

51

Coll, »umber w2 ve 72 121 121 121
Sawple type K1 K2 E3 K1 K2 B3
Total wet ,
weteht () 0.11 0.09 0,02 0.27 0,11 0,01
Pricladids
Polye=lis coronmis - - 5 - - -
“pheaerontera
“getis su, A £ 1 1 1 L -
Rithrogena (robusts ?) 6 12 11 23 L 4
Cinyemula sbn, 9 10 9 - - 1
EFpeorns (irom) sp. 19 L & 16 6 1
“peorus {(irononsis)
erandis - - - 1 2 -
phemerella doddsi - - - - 1
Flecoptersa -
Alloverla {fidelis ?) 5 1 z - - -
ATcyropteryx aures - ~ - - b 2
capnia sp. - - - - 1 -
Lemoura oregoncrsis i - 1 1 1 -
Nemoura colunrbiana - - - 2 1 -
Trichoptera
¥rothremaun sp. - - - 1 - -
Paravsyche so, 2 - - 1 - -
Cinters
“ovhydridae - - 1 - - -
Nepharicerlidae
Bibiocephalsa sp. - - - 1 - -
Chironomidas
Tiaresa sSp. A, 1 - - - - -
tuklefferiella sp. 16 - - 1 - 3
Yetriocnemus so. 2 1 L - - -
Figec, Insecta - - - - 1 -
Mematodsa - 1 - - - -
Total nurber of
invortebrates 75 30 4o 25 11



| Locality ‘ JPPSR OANISKEWI TRIBUTARY
Site nunher 115
- b Grid reference 11U/NH220003
iy Elevation (metres/feet) 1580/5200
: Altitudinal belt subalpine
e Maximum depth (m) 0.3

Surface ares (hectares)

N-103

Sampling date 3/V11/73
Collection nunber (999-}) R1
; Time 1400
3 Air temperature (°C) -
L Sky clear
N Snow cover {(m) -
i Ice cover (i) -
Secchl disk (m) -
Dt -
Conductivity (225°C) -
Ssmples collected
Kick X
Dredgze -
Phytoplankton -
Macrophytes -
Zooplankton -
Shoreline -
; Shore trawl -
; Fish : -
Primary production -
- Water chemistry

Strean flow

Weter tempverature

i

b



N-104

Upper Amlskwi Tributary (Site 115)

summary of bernthic invertebrate samples {numbers collected)

Coll. number 21 81 81
Samnle type K1 K2 K3
. Tatal wet
i Tricladildia
b Polyeelis coronata - 1 -
frhemeroptera
Baetis sp, A. Y 18 68
Rithrogena (robusta ?) 11 10 10
Cinygmula sp, Lo Lo 76
Parameletus sp. - - 1
Epeorus (ironopsis) _
.. grandis 1 - 5
3 Fpeorus (iron) so. - 3 21
i “phemsrella coloradensis 1 9
{ Plecoptera
A Arcynonteryx aurea 2 1 2
Alloperla (fidells ?) - -~ 2
- Peltoperla mariann 5 - 12
: Capnia sp. - b -
lemoura oregonensls - 1 -
. Nemonra sp, ~ 1 -
Trichoptera :
:lossosoma sv, A 1 2
Yeothremma sp. 3 - 2
. Rhyacophila sp. - 2 7
Ciptera
; Chironomiiae
= Ciamesa sD.. 21 53 23
fukiefferiella sp, 55 88 257
lietriocnemis sp, - 3 19
¥se, Insecta 1 - b

Total mnumber of
invertebrates 197 235 520




Locality

Site nucher

Grid referencse
Elevation (metreg/feet)
Altitudinal belt
Maximum devth (m)
Surface areas (hectares)

OTTC CREFK

116
11U/NH236016A
1459 /4800

- subalopine

005

N-105

Samnline date

Collection nurber {9QQ-)

9/11/73

gL

27 /NI11/73

131

Time

Air tempverature {(°C)
Sky

Sniow cover ()

Ice cover {m)

Secchl disk (m)

ol '
Conductivity (£€25°C)

Samples collected
Kick
Dredge
Phytoplankton
Kacrophytes
Zooplankton
Shoreline
Shore trawl
®ish
Primary production
Water chemistry
Stream flow

Water temperature

1300

0.5+

(31/V11/73)

-(2u/v11/73)

-

1530

rain

0

L5+

-



N-106

Cttoe Creek (Stte 116)

Summary of hernthic invertehrate samples (numbers collected)

Coll. number ok ok gh 131 131 131

< Total wet _
: weloht (i) o _ O.45 0.16 0,24 0,16 0.80 2,55

bl
i ol

cladida
olycelie coronata - ? - - 1 -

Fohenmnerontera

Mgetis sp. A, 17 12 14 1 1 2
Rithrogena (robusta ?) ] 1 1 16 31 20
Cinyemula sp. 15 7 22 - 3 3
“phemerella doddsi 2 2 - 1 - -
Fpeorns (iron) sp. A L - b 7 5
Paramaletus sp. - - - 2 2 3
‘meletus =p, - - - - 2 5
Tlecontera .
o Cammia sr, - 2 1 - 5 3
S Memoura oresonensis 1 - 1 - 7 6
Yemoura cataractae - - 1 - - 1
_ Memour=a s, - - 1 - - -~
Arcynonteryx aures ~ - - 1 3 -
Alleperla fidelis - - - - 1 1
Yemoura columbiane - - - - 1 -
4 - Trichoptera
Slossosoma §nD. - - i1 - 3 1
[irmepkilidae - 2 - - - -
Tarapsyche sp. 1 - 1 - 2 -
fihyacophila sp. 1 - - 2 1 3
Uiptera
Tipulidae : - 2 3 - - -
~ flevhariceridae
Pibiocephala sp. - 1 1 - - -
i Tahanidae - 1 1 - 2 -
Sphydridae ‘ - 1 1 - - -
Chironomidae
Pukiefferiella son. 5 2 2 - - -
- etrioccnemus sD. - 2 - - - -
Psectrocladiug sp. - - 1 - - -
Corynoneura 5D, - - - - - 1
”* Cricotomis so, - - - 2 - -
Unidentified - - 1 - 2 -
Liptera pupae - - 1 - 1 -
- Acarina .
Snerchon sn, - - 2 - - 1
- Total number of
2 invertehrates 56 "7 56 29 75 55



N-107

L Lozality - UPPER ANISKWI RIVER
Site nunber 117
Grid reference 11U/NH228055
Elevation (metres/feet) 1550/5100
Altitudinal belt subalpine
£ Meximun devth (m) 0.5
L Surface ares {(hectares) -
Samnling date 9/V11/73 L 27/NIT1 /73
Collection nunmber (909-) 93 130
: Time 1200 1500
Air temperature (°C) - ~
e Sky - rain
P Snow cover {m} - -
e Ice cover (m)} - -
Secchl disk (m) - -
DH - -
Conductivity (£25°C) - .
Samples collected
Kick E4 X
Dredge - -
Phytoplanktcon - -
Macrophytes - -
Zooplaniton - -
Shoreline - -
Shore trawl - -
Fish (31/¥11/73) '
Primary vproduction - . -
Water chemistry - -
Stream flow - -

Water temperatare - -




F{peamy

P sy

Jpper Amiskwi River {(Site 117)

Summpary of hénthic invertebrate samples (numbers collected)

N-108

Coll, nmumher
sample type
Total wet
weight (z)

Q3
K1

93
K2

0,73 0

93
K3

A2 1

130
Kl

130 130
K2 K3

“phemeroptera
Naetis sp.
Rithrogena (robusta 7)
Cinygmula sp,
Fohemerella doddsi
Ephemerella coloradensis
Ephemerella proserpina
fpecrus (iron) sy,
Parameletus sp.
Ameletus sp.

Tlecoptera
Alloperla (fidelis ?)
Capnis so.
Memoura oregensis
Mamonra columblians
Nemoura cinctipes
Nemoura sbv,.

Trichoptera
Slossosoma SDe
Limnmephilidae
Parapsyche sp,
Hhyacophila sp.

. Hesperophylax sp.

Diptera

Enhydridae

Tabanidse

Simulidae

Chironomidae
Tanytarsus sp,
2riilia sp.
Crthocladius sp.
Unidentified

CDiptera pupae

ifisc. Insecta

Acarina
Sperchon =n,

—
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16

9
-1

15
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=
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.36 0.27 1.52 2,10

1

30

Lol B |

16

.

=

I RN YTND
M) N
N =

=

LI T O |

Sy P
}

F=Jw
LoV o A I B |

[
N

i
™

]
+1

=
1) WO

Total number of
invertebrates

74

98

B1

87

102 114



N-109

Locality EICKIMNG ECR5Z RiVZIR
Stte nuiber - 118

Grid reference - 11U/NG 343918
Elevation (metres/feet) 1237/4070
Altitudinal belt subaloine

Maximum devth (m) 0.5
Surface area {hectares) -

Samnling date ' 12/%11/73 ?2/VIII1/73
Collection nunber (GQ9-) £7 109
Time 1400 1500
Air temverature (°C) - -
Sky cloudy - cloudy
Snow cover (z) - -
Ice cover {m) - -
Secchi d1sk% (m). - -
, LH 8,31 -
s Conductivity {(225°C) © 19?7 -
Ssuwples collected
Kieck X A
Dredcge ' - -
Phytoplankton oo ~
Macrophytes - ‘ -
Zooplankton - ' -
Shoreline - -
i Shore trawl - : -
Figh (31/vI1/73)
Primary production - -
- - Water chemistry X -
: - Stream flow - -

Water temperature T.2 -




N-110

£icking Horse River (Site 11R)

Summary of benthic invertebrate samples (numbers collected)

Coll. number &7 67 67 109 109 109
Sample type K1 K2 K3 K1 K2 K3
Total wet
welght (g) 1.34 1,85 3.83 0,52 0.53 0,44
Tricladida
. Polycelis coronata - 3 - - - -
Ephemeroptera
Baetis sp. 10 i3 2 11 14 8
Rithrogena (robusta ?) 12 8 31 2 1 2
Cinyegmula sp, . 29 20 14 21 32 23
Epeorus (ironopsis)
L grandis 7 9 8 - 3 -
£ Epeorus (invaria)
(inermig ?) - 5 2 1 - 3
7 . Epeorus coloradensis 1 - - 3 2 1
L Epeorus (iron) sp. - - - 9 43 15
) Fphemerella prcserpina - - - - 1 -
Svhemerella doddsi 9 10 15 1 -~ 1
Plecoptera -
Arocynopteryx auresa - 3 - - -
_ Alloperla (fidelis ?) 2 2 6 5 2 1
i Nemoura oregonensis 3 14 10 3 5 14
Nemoura columblana - - - 1 - -
Trichoptera
slossosoma sp. - 1 A - - 1
Parapsyche sp. 2 - 1 - - 1
L Rhyacophila sp. 1 - 1 - 1 1
- Neothremma sp. - - - - - 1
Diptera
Tipulidae 2 - 1 - 1 1
Blephariceridae
Bibiocephala sp. - 2 1 - 1 1
Chironomidae
- Diamesa sp. A, - - - 2 - -
Eukiefferiella sp. 1 19 4 - - -
Metriocnemus sp. 1 6 3 - - -
Psectrocladius sp. 5 - - - - -
Diptera pupae - - 1 - - 1
Acarina )
Lebertia sp. - - 1 - - -
Sperchon Sp. - - - - - 1
~ Total number of
invertebrates AR5 115 110 59 106 76



Locality

Site nunker

Grid reference
Elevation (metreg/feet)
Altitudinal belt
Maximum denth (m)
Surface area {1ectares)

YCHO RIVER

119
11U/NGL0 5988
1337/4400
subalpine

005

N-111

Sampling date
Collection number {(9Q9-)

18/V1/73
73

C9NITI/73

119

Time

Alr temperature (°C)
Sky

Snow cover {(=z)

Ice cover (m)

Secchi disk (m)

nH

Conductivity (225°C)

Samples collected
Kick
Dredge
Phytoplankton
Macrophytes
.Zooplankton
Shoreline
Shore trawl
Fish
Primary production
Water chemistry
Stream flow

Water temperature

1200

cloudy

(24/91T1/73)
g,7

1500

rain

-
-



N-112

Yoho BRiver (Site 119)

summary of benthie invertebrate samples {numbers collected)

Cnil,. number 73 73 73 119 119 119

Sample tyve ' Kt K2 K3 K1 K2 K3

Total wet

tLphemeroptera
RBastis sp. A, 1R 14 14 14 36 20
Rithrozena (robusta ?) 12 21 15 - 1 1
Cinygmula sp. 5% 11 R3 12 26 15
phexerella doddsi 2 1 3 - - -
Tpeorus (iron) sp. 1 - ~ 13 (2 1¢
Parameletus svp, - - - 1 - -
“phemerella coloradensis - - - - 2 -
“phemerella proserpina - - - - 1 -

Flecoptera

Arcynopteryx aurea - - 1 - - 1
Alloperla (fidelis ?) 2 - 2 1 - 1
Nemoura oregonensis L 1 11 1 1 -
- Trichoptera
’ Slossosoma so, - - - - 1 -
Parapsyche sp. - - 1 - - -
Rhyacophila sp. 1 2 1 - - -
Nipntera
Tipulidae 1 - ~- - - -
Similidae = 1 - - - -
Blephariceridae '
2 Bibiocephala sp. - - - - 1 -
¢ Chirononmidae '
- Fukiefferiella svp, 1 7 1 1 - 1
“etriocnemus sp. 2 - 1 - - -
Unid. Diamesini - - - - 10 2
Crthocladius - - - - 58 A
Divters pupae - 1 - - - -
Fisc, Insecta - 1 - - - -

Totgl number of
invertebrates 99 60 133 43 199 63




N-113

Locality YOHO RIVER
Site nunher 120
Grid referernce 11U/NH3550A0
Elevation (metres/feet) 1520/5000
Altitudinal belt subalvnine
Maximum deoth (m) : 0,5

Surface area {hectares) -

Samnline date 18 /1/73 . 9/NII1/73

Collention number (999-) 24 123
Time 1400 1400
Alr temverature (°C) - -

Sky cloudy rain

Sriov cover (r) - -
Ice cover (m)

Seccnl disk (m) . 0.30 -
. pH . 7.5 8-?
. Conductivity (€25°¢C) 220 88

: Samples collected

Kick ¥ X

Dredge - -

Phytoplankton - -

Macrophytes - -

Zooplankton - -

Shoreline - -

Shore trawl - -

5 Fish - -

Primary production - -

% Water chemistry X X

? Stream flow (24911 and 20/VI11/73)

Water temperature - -




N-114

£  Voho River {(Site 120)

Summary of benthic invertebrate samples (numbers collected)

Coll. nupher 7l 7Y 7L 1273 123 123
Sample type K1 K2 K3 K1 K2 K3
Total wet

welzht (o) 0,37 0,28 1,09 1,04 0,83 0,66

Tricladida
Foiycelis coronats - - 2 - - -

Lohaemeroptera

Taetls sp. A, 10 7 20 20 15 10
itithrogena (rohusta ?) 7 9 21 69 58 67
Cinyemils sp. 14 L 4p 5 16 25
ipeorus (1ronopsis)

zrandis - - - 2 2 1
“penrus (Iron) sp. - - ~ 5 3 2

Plecoptersa

Arcynropteryx aurea - - 1 Iy A 1
Alloperla (fidelis ?) ? - 1 3 1 2
Nemours nregonensis 1 - 2 22 11 1
Nemoura columbians - - - 1 - -
Trichoptera
Parapsyche sp. - - 1 1 - -
Rhyacophila sp, 1 - 1 - 4 2
Ciptera
Tipulidae - - 1 2 - -
Similidae 3 - - - -
T Chironomidae
: liamesa SD. - 2 1 ~ - -
’ Brillia sp. 1 - 5 - - ~
- Fukiefferiella sp. 3 9 3 - - -
' Tanytarsus sp. - - 2 - - -
Unid, Diamesini - - - L 1 -
} Uliptera pupae 1 - ~- 1 1 -
serial diptera - - - - 1 -
isc, Insecta 1 - - 1 - -
Total number of nl 31 107 140 119 111

invertebrates




Locality ‘ ILITTLE YOHC RIVER
Site nurner 121

Grid reference 11U/ME343088
Elevation (metres/feet) 1608/5290
Altitudinal belt subalpine

Maximum derth (m) 0.5
Surface area (hectares) -

N-115

Sampline date LA11/73 10/1%/73
Collection number (999-) R2 142
Time 1000 1900
Air temperature (°C) - -
Sky - clear
Snow cover () - -
Ice cover (m) - -
Secchl disk (m) 0.5 -
pH 8.1 -
Conductivity (@25°C) 147 -
Samples collected
Kick - X X
Dredge - -
Phytoplankton ~ -
Macrophytes - -
Zooplankton - -
Shoreline - -
Shore trawl - -
Fish -
Primary production -
Water chemistry X -
Stream flow - -
Water temperature 5.0

745



N-116

Iittle Yoho River (Site 121)

Summary of benthic invertebrate samples (numbers collected)

Coll. nuaber R2 82 142 142 142
Sample type Ki K2 K1 K2 K3
Total wet
weight (g) 0.76 0.17 0.71 0.35 0.68
Tricladida
Folycells coronata - 1 3 b b
Fphemeroptera ‘
Baetis sp. A, 92 82 14 15 18
Bithrogena (robusta ?) 50 23 19 32 27
Cinygmula sp. Lo - 1 1 1
Epeorus (ironopsis)
{1 grandis 15 b - - -
5 Epeorus {(iron) svo. - 2 ~ - =
Parameletus sp. - - 27 - b
Plecoptera
Nemoura oregonensis 2 - 1 8 10
Nemoura columbiana - - A 14 7
15 Arcynopteryx aurea ~- - 1 1 2
o Alloperla (fidelis ?) - - 1 2 12
Unidentified 1 - - - -
Trichoptera
Banksiola sp. - - - - 1
Rhyacophila sp. - z2 2 - 1
Dintera
- Tipulidae - 2 5 - 11
Chironomidae
Diamesa sp. 1 - - - i2
Fukiefferiella sp. 1 5 - 2 -
Syndiamesa sp. - - 1. - -
Diamesa sp. - - 3 i 3
Simulidae - 1 - - -
Aerial diptera - 3 - - -
= 1sc. Insecta 3 - - - -
Acarina
Sperchon s, 1 - - -
Araneae ' - - 1
g Total number of
invertebrates 170 125 A8 80 113




iocality

Site nurher

Grid reference
Elevation (metres/feet)
Altitudinal belt
Maximum devth (m)
Surface area (hectares)

TWIK FALIS CREEK

122
11U/NH343089
1608/5290
subalpine
OIS

N-117

Samvling date
Collection number (909-)

b/Vi1/73
83

10/IX/73
143

Time

Air temvperature (°OC)
Sky

Snow cover (m)

Ice cover (m)

Secchl disk {m)

pH

Conductivity (®25°C)

Samples collected
Kick
Dredge
Phytoplankton
Macrophytes
Zooplankton
Shoreline
Shore trawl
Figh
Primary production
Water chemistry
Stream flow

Water temperature

1200

8.2
1

1930

clear



N-118

Twin Falls Creek (Site 122)

Sunmary of beﬁthic invertebrate samples (numbers collected)

Coll. number 83 83 83 143 143 143

Sample type K1 K2 K3 K1 K2 K3
Total wet

welght (p2) 0.A4 0,08 0,10 0.70 0.12 0.0L

Ephemeroptera

Baetls sp. A, 17
Rithrogena (robusta 7?) L
Cinygmula sp. 15
Epeorus {(ironopsis)

grandis 3
Fpeorus (iron} sp. 3 - -
Parameletus sp. - - - - 4 -

= =0

Plecoptera

Arcynopteryx aurea

Capnia sp,

Nemoura oregonensis
Lo Nemoura columblana
(. Alloperla (fidelis ?)

(I BRIV I
o
I
A Rl B AV
Lt B I I

Ll S R A |

Trichoptera
Rhyacophila sp. 1 - - - - -

Diptera
Tipulidae 1 - - -
Simulidae
Chironomidae
Diamesa sp,
Pseudediamess sp.
Eukiefferiella sp.
Unident.

Diptera pupae

[y
i
]
1
i
i

i
[ I I B B

ooy
(I B
o
o
—
Moo
1Ot

o
-
]
]
]
i

Fisc. Insecta

Total number of
invertebrates 95 13 18 23 28 15




N=-119

Localicy SHERBRCCEE CRFEEK
Site nuzber ‘ 123 .

Grid reference 11U/NGL35985
Elevation (metres/feet) 1582/5205
Altitudinal belt subalpine
Maximum depth {(m) C.5

Surface area {hectares) -

Sampline date 15/V11/71 19/VIII/71 4NII/73 &/VI11/73

Collection number (999-) 12 20 Rsg 111
Time 1515 1400 1400 1100
Air temverature (°C) 21.0 23.0 - -

Sky clear clear clear clear

Snow cover {(m) - - - -
Ice cover (m)

Secchi disk (m)

pH .
Conductivity (€25°C)

Samples collected
Kick X _ X X

= 0D )
De e
Lol AV RV, |
+
0o
» -
[SANAN AN, |
+
0O
LAVENS . |
+
[y |
-
\n
+

[y
~J
N
bt
~J
N
1

Dredge - -
Phytoplankton - -
Macrophytes Co-

Zooplankton - -
Shoreline - - - -
Shore trawl - -
N Fish ' - -
- Primary production - -
Water chenistry X - )
Stream flow (25/V1I and 20/vII1/73)

11
i

¥

Water temperature 9.5 15.0 - . -




N-120

Sherbrooke Creek (Site 123)

Summary of benthic invertebrate samples (numbers collected)

Coll. number 12 20 85 85 B8 111 111 111
Sample type K1 K1 K1 K2 K3 K1 K2 K3
Total wet

weight (g) . -

0.56 3% 0.35 0.95 0.15 0.39

Tricladida
Polycells coronata - - 2 3 - - 2 1

Ephemeropntera
Baetis sp. A,
Rithrogena (robusta ?)
Cinygmula sp.
Parameletus sp.
Epeorus (ironopsis)
grandis
Epeorus {(iron) sp.
Centroptilum sp,

3 7 17
18 30 79 1

1 | Bl AV
i 1 N~
TN ook
W
o O
}.—l
S
4V
1Wo i O
i F\Ww [ASI B B
V)

I
R

Plecoptera
Arcynopteryx surea = =
Alloperla (fidelis ?) - -
Acroneuria pacifica - -
FPeltoperla mariana - -
Nemoura oregoneénsls - -
Nemoura cataractae -
Nemoura cinctipes -
Nemoura sp. - =
Unidentified 2 9

]
I T I A T I ol |
IRV I S B S I A |
[ I WV e R WV
(I B D AN Bl SRV,
1AV I B |
(I Il RO W I B o

LI I S BRAV I |

Trichoptera
Parapsyche sp. -
Rhyacoohila =sp. -

aon
N
Do
N
-
[

Diptera
Tipulidae - -
Similidae
Chironomidae

Diamesa sp,
Eukiefferiella sp.
Tanytarsus sp.
Fetriocenemus sp,
Unidentified
Diptera pupae.
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Misc. Insecta : - -

: Total number of
» invertebrates 12 135 38 70 65 151 32 83




N-121

Locality UPPER SHEABROOKE CREEK
Site nuober 124

Grid reference 11U/NE425013
Elevation {(metres/feet) 1800/5923
Altitudinal belt subalpine
Maximum depth (m) 0.5

Surface area (hectares) | -

Sampline date 13/v11/73
Collection number (999-) 106

Time 1100
Air temverature (°C) -
Sky : clear
Snow cover (m) : -

Ice cover (n)

Secchl disk (m)

pH

Conductivity (@25°C)

Samples collzcted

: Kick
Dredsge
Phytoplankton
Macropnytes
Zooplankton
Shoreline

£ Shore trawl

3! Fish

Primary production

Water chemistry

Stream flow

«5

[ 2 T - 11O

| I S D R R |

Water temperature . -




N-122

?g? Upper Sherbrooke Creek (Site 124)

Summary of benthic Invertebrate samples (numbers collected)

Coll, number 106 106 106
Sample type K1 K2 K3
Total wet
weight (g) 0,23 0.26 0,74
Evheneroptera
Baetis sp., A, 8 11 18
Rithrogena (robusta ?) 7 & 5
Cinygmula sp. - 10 18 39
Ephemerella doddsi 2 - 1
Epeorus {iron) sp. - 1 1
Plecoptera
Arcynopteryx aurea - - 1
Alloperla (fidells ?) 1 5 9
Capnia sp. - - b
Nemoura columbiana - - 1
Nemoura sp. - - 1
ol = Trichoptera
Rhyacophila sp. . - - 1
Diptera
Tipulidae - - 1
- Simulidae 1 - -
L Chironomidae
Eukiefferiella sp. 2 3 8
Tanytarsus sp. - - 1

Total number of Ll

T Invertebrates 21




N=-123

Locality KICKING HORSE RIVEIR
Site nunber 125
Grid refererce 11U/NG4369R4
Elevaticon (metres/feet) 1580/5200
Altitudinal belt subalpine
Maximum devth (m) ' 0.5
Surface area {(hectares) -
Samoline date 15/VI1/71 19/vIIi/71 12/vI1/73  7/N111/73
Collection number (999-) 13 19 J 66 108
Time ' 1400 1300 1200 1300
Air temperature (°C) 21 23 - -
Sky clear clear overcast rain
Snow cover (m) - - - -
Ice cover {(m) - - - -
Secchl disk (m) 0.5+ 0.5+ 0.5+ 0.5+
pH 2,0 2.15 R.35 -
Conductivity (825°C) 165 154 165 -
L Sampies collectled
Kick X X 4 X
Dredge - ' - - -
Phytoplankton - - - -
: _ Macrophytes - - - -
L Zooplankton - - - -
Shoreline - - ' - -
Shore trawl - - , - -
Fish - - - -
Primary vproduction - - - -
Water chemistry X - X -
Stream flow (25/VI1/73)
Water temperature .3 15,0 6.2 -




Kicking Horse Hiver (Site 125)

N-124

Summary of benthic invertebrate samples (numbers collected)

Coll. number

Sample type

Total wet
weight (g)

13
K1

19
K1

56 bk
K1 K2

l1.530

56
K3

62 1,83

108 108 107
X1 K2 K3

0.36 0.6 0,50

Oligochaeta
Bhynchelmis sp.

Tricladida
Polycells coronata

Ephemeroptera
Baetls sp.
Rithrogena (robusta ?)
Cinygmula sp.
Ameletus sp.
Parameletus sp.
Ephemerella doddsi
Ephemerella flavilinen
Ephemerells {invaria)
(inermis ?)
Epeorus (iron)
Epeorus (ironopsis)
srandis
Epeorus coloradensis
Epeorus (fuscata)
= proserpina

Plecoptera
Alloperla (fidelis ?)
Arcynopteryx aurea
Avroneula vacifica
Isoperla sp.
Capnia sp.
Nemoura oregonensis
Nemoura columbiana
3 Nemoura cataractae
Nemoura sp.

Trichoptera

- Glossosoma sSp.

: : Parapsyche sp,

¥ Psychomyia sp.

Rhyacophila sp.
Neothremma sp.

Y Diptera

Tipulidae

Tetanoceridae

Chironomidae
Eukiefferiella sp.
Ketrliocnemus sp,.
Corynoneura sp.
Pentaneura sp.
Unidentified

Diptera pupse

Aerial diptera

Fise, Insects

Acarnisa
T Lebertia sp.
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i . Total number of
invertebrates

26
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Locality CATARACT BROOK

Site number . 126
Grid reference 11U/NGU56975
Elevation {metres/feet) 1702/5600
Altitudinal belt subalpine
Maximum depth {(m) 1.0

Surface area {(hectares)

N-125

Sempling date 6/VI/73 6/VII1/73
Collection number (999-) 55 115
Time 0B0D 1500
Air temperature (°C) - -
Sky overcast clear
Snow cover (m) - -
Ice cover {(m) - -
Secchl disk (m) 1.0+ 1.0+
pH 8,2 -
Conductivity (@25°C) 137 -
Samples collected
Kick X X
Dredge - -
Phytoplankton - -

. Macropnytes - -
Zooplankton - -
Shoreline - -
Shore trawl - -
Fish (Aug. 2, 1973)

Primary production
Water chemistry
Streanm flow

[ |

Water temperature 3.5



Cataract Brook {Site 12f)

Sunmary of benthie invertebrate samples {numbers collected)

N-126

Coll, rumber

Sample type

Total wet
welght (g)

55 55 55 115
Kl K2 K3 K1

- 1.10 0.9R 0.83

115
K2

0.h2

115
K3

1,348

0ligochaeta
srnodrilus sp.

Tricladida
Polycelis coronata

Ephemeroptera
Baetlis sp.
Rithrogens (robusta ?)
Cinyesmula sp.
Epeorus (ironopsis)

grandls

Epeorus {iron} sp.
Ephemerella doddsl
Ephemerella coloradensis

Plecoptera
Isogenus sp.
Arcynopteryx aures
Alloperla (fidelis ?)
Nemoura oreconensis
Nemoura columblana
Capnia sp.

Trichoptera
Glossosora SP.
¥eothremma spe.
Parapsyche sp.
.Rhyacophila sp. A,

Diptera

Simulidae

Erpididae

Heleidae
Alluaudomyla sp..

Chironomidae
Eukiefferiella sp.
¥etriocnemus sp.
Orthocladius sp.
Tanytarsus sp.
Unidentified

Diptera pupae

Aerial diptera

Mise, Insecta

Gastropods
Lymnea arctica

Pelecypoda
Pisidium 11l1ljeborgl
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Total numbexr of
invertebrates

135 104 175 79
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N~127

Locality CATARACT BROOK

Site nunker 127

Grid reference 11U/NG4s570L2

Elevation (metres/feet) 1732/5700

Altitudinal belt subalpine

Maximum devth {(m) -

Surface area (hectares) -

Sampline date K/VI/73 B/VIII/73

Collectinn number (999-) 51 : 114

Time 1100 1k15

- Alr temperature (9C) - -

Sky cloudy clear

3now cover () - -

Ice cover (n) - -

Secchl disk {(m) 0.5+ 0.5+

pH .21 -

Conductivity (@25°C) 121 -

Samples coliescted
Kiekx X X
Dredee - -
Phytoplankton - -
Macrophytes -
Zooplankton - -
Shoreline - -
Shore trawl - -
Fish (2/VIII/73)
Primary p:roduction - -
Water chemistry X -
Stream flow - -

Water temperature 3.5 -



N-128

Cataract Brook (Site 127)

Summary of benthic invertebrate samples (numters collected)

- Coll, number A1 61 51 11 114 11k
Sample type K1 K2 K3 K1 K2 K3
Total wet
Tricladida
Polycelis coronsta - 1 2 1 - 3
o Ephemeroptera
Raetis sp. i5 2 L 16 18 4
Rithrogena {(robusta 7) 28 5 L4y 34 29 39
.Cinygmula sp. 11 582 10 I - A
Ameletus sp. R 2 - - - 4
Centrontilunm sp. - - = - - 1
’ Epeorus {ironopsis) ]
: grandis 2 - o] - L -
Epeorus {(iron) sp. 20 19 13
Ephemerella doddsi 1 - 2 2 2 -
Zphemerella sp. - - - i - 2
L= Plecoptera
Arcynopteryx aurea - i 2 3
e Alloperle (fidells 7) 1 9 - 2 )
lsoperia fulva 2 - - - - -
i Peltoperla mariana i - - 2 - -
Capnia sp. - 7 17 - - 10
gz Nemoura oregonensls 2 2 1 1 - -
Nemoura cataractae 1 5 2 - - -
Nemoura columblana - - - 1 - 1
o Trichoptera
P Limmephilidae - - 3 - - -
. Weothremza sp. 53 - 30 2 - 3
_ Parapsyche sp. 3 2 - 1 2 -
s Rhyacophila sp. 2 7 - 3 3 3
i Diptera
: Tipalidae ‘ 1 3 4 - -
Empididae - - - - - 2
Simulidae - - - - - 2 -
Chironomidae
Eukiefferiella sp,. A - - - 1 1
. Fetriocnemus sp. - 1 5 - - -
j Tanytarsus so. 1 12 6 - - -
: Orthocladius sp. - - - 1 - 2
' Diptera pupae - - 1 - - -
. Aertal diptera - 1 - - - -
Acarina
- Sperchon sp. L 1 1 - - -
£
£ Total number of g
e invertebrates 14k 123 150 92 84 103
e

Ty



N-129

Locallity CATARACT BROOCK
Site nunbher 128

Grid reference 11U/NGA354920
Elevation (metres/feet) 1854 /6100
Altitudinal belt subalpine
Maximum denth (m) 045

surface area (hectares)

Sampling date 8/N1/73 R/VIII/73
Collection nurber (999-) 63 113
T4 me 1030 1400
Air temperature (°C) - -
Sky cloudy clear
Snow cover (um) - -
Tce cover (m) - -
Secchi disk (m) 0.5+ 0.5+
pH g,08k -
Conductivity (825°C) 107 -
Samples collected
Kick X X
Dredge -
Phytoplankion : - -
Macropnytes - -
Zooplanktocn - -
Shoreline - -
Shore trawl ‘ - -
Fish - -
Primary production - -
Water chenmistry X -
Stream flow (25/VII and 21/ViI1/73)
Water temperature 3.5 -



Cataract Zrook (Site 12R)

Summary of benthic invertebrate samples {numhers collected)

N=-130

Coll. number
Sample type

Total wet
wveight (g)

€3
K1

63
K2

23113 113 113
K3 KI K2 K3

0.97 0.18 0.72 1.10 0.57 2.A5

Tricladida
Polyecellis coronata

Ephemeroptera
Baetls
Rithrogena (robusta?)
Cinygmula sp.
Epeorus {ironopsis)

grandls

Zpeorus (iron) sp.
Ephemerella doddsi

Tphemerella coloradensis .

Flecoptera
Arcynopteryx aurea
Alloperla {fideltis ?)
Acroneuria pacifica
Peltoperlaz mariana
Isoperla sp.
Capnia sp.
Nemoura oregonensis
Nemoura cataractae

Trichoptera
Glossosoma &D.
Neothremma sSv.
Parapsyche sp.
Rhyacophlla sp.

Diptersa

Tipulidae

Simulidae

Chirononidae
Eukiefferiella sp,.
Psectroclrdius sp.
Tanytarsus SpD.
Metrliocnerus sp.
COrthocladius sp.
Unidentified

Dipters pupae

Aerial diptera

Misc. Insecta

Acarina
Sperchon sp.
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Total number of
invertebrates
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N-131

Locality FORNING GLCRY CRZLE
Site nunber 129

Grid reference 11U/NGL453920
Elevation {(metres/feet) 1854 /£100
Altitudinal belt subalpine
Maximum depth (m) 0.5

Surface area (hectares) -

Sampling date s/V11/73
Collection nunber (959-) 87
Time ‘ 0900
Air temperature (°C) -

Sky rain
Snow cover (x) -

Ice cover (m) -
Secchi disk {(m) 0.5+

{: pH -
Conductivity (225°C) )

Samples collected
Kick X
Dredge -
Phytoplankton -
Macrophytes -
Zooplankton -
Shoreline -
Shore trawl -
Fish -
Primary production -
Water chemistry -
Strean flow (25/VI1/73)

Ty
PRV

Water temperature -




N-132

Morning Glory Creek (Site 129)

{5 Summary of benthiec invertebrate samples (numbers collected)

= Coll., number 87 87 87

E Sample type K1 K2 K3

) Total wet

weight (g) 0.32  0.41 0.70

Tricladida
Polycelis coronata - - 1

Ephemeroptera
Baetis sp. A,
Rithrogena (robuste ?) '
Cinygmula sp, 2
Parameletus sp. :
Ameletus sp.
Epeorus (ironopsis) grandis
Epeorus (iron) sp,
Eohemerella coloradensis

[EY
=3 oW

[NV, O BN G\ o P -
1 O 2w~}

Plecoptera
Arcynopteryx aurea
Alloperla (fidelis ?)
Acroneuria pacifica
Peltoperla mariana
Isoperla sp.

. Capnia sp.

. Nemoura oregonensis

Nemoura cataractae

[y
O g

3wk
[aV N AV B S B

Trichoptera
Glossosoma sp.
Iimephilidae
Neothremma sp. 2
Parapsyche sp.
Rhyacophila sp. -

[
N ED
-
Lol ¥ o B S |

- Diptera
' Tipulidsae
Chironomidae
Eukiefferiella sp.
Metriocnemus sp.
Tanytarsus sp.

P
I A

Lol A0 TN S I g

Acarina .
Sperchon sp. 2 3 2

- Total number of
invertebrates A3 81 R4




Locality

Site nunbver

Grid reference
Elevation (metres/feet)
Altitudinal belt
Maximum depth (m)
Surface area (hectares)

CATARACT BROCK

130
11U/NGLU62897
2014/6620
subalpine
005

N-133

Samnling date

Collection nurber {(QQ9-)

£/V1/73

A2

B/NII1/73
112

Time

Air tepverature (°C)
Sky

Snow cover {m)

Ice cover (m)

Secchl disk (m)

pH

Conductivity (@25°C)

Samples collected
Kick
Dredsze
Phytoplankton
Macrophytes
Zooplankton
Shoreline
Shore trawl
Fish
Primary production
Water chemlistry
Stream flow

Vater tempersture

1000

overcast

I

)
jo)

1230

cloudy

0.5+



N-134

s Cataract Brook (Site 1730)

Summary of benthic invertebrate sarples (numbers collected)

‘s Coll, number 62 £2 62 112 112 112
P Sample type K1 K2 K3 Ki K2 K3
P Potal wet
welight (&) 0.60 0.70 0,50 0.17 0,164 0,40
Oligochaeta
Limnodrilus sp. - 1 - - 1 -
Tubifex sp. - - 2 - - P
Tricladida
Peolycells coronate 76 sl g - - -
Ephemeroptera
Baetis ap. 9 19 41 1 - -
Cinysmula sp. 3 3 - - 3 -
Ameluetbtus sp. 11 27 2 - - 3
Habrophleblodes sp. 2 1 - - - -
Plecortera
Isaperla ebria 1 - - - - -
Acronenria pacifics g 2 - 1 - -
: Isoperla sm. 17 27 1 - - -
2 Nemoura cataractae I 4 - - - -
Nemours cinctepes 3 4 1 2 18 -
Capnia sp. - - - - - i
g Trichoptera
. _ Neothremma sSp. - - i - - -
Bhyacophlla sp. B. 1 1 - - ~ -
Limophilidae (Unid,) - - - - - - 1
i Diptera
: Tipulidae - 1 - - - -
£ Simulidae - - - 3 - -
P : Chironomidae
- ‘ Pentaneura sp, 5 1z 11 - 3 1
Fukiefferiella sp. L 17 - - -
Psectrocladius sp. i% 58 30 - - -
Tanytersus sp.’ L 7 kg - - b
Psevdodiamesa sb. - - - 13 L 9
Cricotopus sp, C. - - - i7 20 24
Orthocladius sp. - - - 20 17 13
Diptera pupae - - - 1 i -
Misc. Insecta - - - - 2 -
P Acarina
ot Hydrodoma sp. - 1 - - - -
Eyorobates sp. 2 1 - - - -
Limmesia sp. - 3 - - - -
Orbatel sp. - 1 - - - -
Sperchon sp, 1 ) - - - -

%ﬂ Total number of
£ invertebrates 167 2L4 160 58 69  sR

:
%



Locality OPABIN CREEK
Site nurber . ' 132

Grid reference 11U/NGL6E8BRG2
Elevation (metres/feet) 2014 /6625
Altitudinal belt subalpine

Maximum depth (m) 0.3
Surface ares (hectares) -

N-135

Sampling date 5/VI1/73
Collection number (999-) 88
Time 1200
Air temverature (°C) -

Sky snow
Sno% cover (m)} -

Ice cover (m) ' -
Secchl disk (m) 0,3+
pH 7.8
Conductivity (©25°C) 70

Samples collected
Kick
Dredge
Phytoplanktion
Macrophytes
Zooplankton
Shoreline
Shore trawl
Fish
Primary production

Water chemistry :
Stream flow (25/VI1 and 22/VIII/73)

Water temperature 3.0

L I I O T T T R T



N-136

. Opabin Creek (Site 132)

Summary of benthic invertebrate samples (numbers collected)

Coll., number 88 88 88
Sample type k1 K2 K3
Total wet :

welght (g) 0.63 0.71 0,82

Yphemeroptera

Baetls sp. A. 21 33 24
Rithrogena (robusta ?) 13 ] 14
Cinygmula sp. 2 2 1
Epeorus (irom) sv. 2R R’ 50
Plecoptersa
Alloperla {(fidelis ?) 2 2 1
Peltoperla mariana - - 1
g Nemours oregonensls - 3 -
i Nemoura sp. - 3 -
Trichoptera
Ahyacophila sp. - - 1
Diptera
Simulidae 1 - -
i Chirononmidae
Diamesa sv, 39 14 A
Fukiefferiella sp,. 11 9 2
¥etriocnemus sp. - L L
Divptera puvae 3 - -
Aerial diptera 1 - -

Total number of
invertebrates 121 158 104

i
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N-137

Locality QESA CREEK

Site nunber 133 |

Grid reference 11U/NGUL72895
Elevation {(metres/feet) 2014 /6625
Altitudinal belt subalpine
Maximum depth (m) 0.5

Surface erea (hectares) -

Samvling date £ /NI11/73
Collection nunber (999-) 89

Time 1200

_Air temperature (°C) -

Sky _ rain
Snow cover (m) -
Ice cover (m) -
Secechl disk (m) 0
vl i
Conductivity (825°C) 8
Samples collected
Kick X
Dredse -
Phytoplankton -
Macrophnytes -
Zooplankton -
Shoreline -
Shore trawl ' -
Fish -
Primary production -

Water chemlstry X A
Stream flow (25/VII and 22/VII1I/73)

Water temperature 2,8



U ' N-138

Oesa Creek (Site 133)

Summary of benthic invertebrate samples {numbers collected)

o Coll, number 31¢] 89 89
(R Sample type K1 K2 K3
L Total wet
welght (g) 0.94 0.5 1,59
Ephemeroptera
Baetis sp. A. b 6 89
£ Rithrogena (robusta ?) 1 - 1
Iy Cinygmula sp. 24 L6 93
Parameletus sp. - 1 -
- Ameletus sp. 3 -
. Epeorus (iren) sp. - 1 -
Plecoptera
: Arcynopteryx aurea 1 - 2
< Peltoperla mariana - - 1
: Trichopters
i Rhyacophila sp. - - 1
Liptera’
Tipulidae - - 1
Similidae 2 1 -
Chironomidae :
Diamesa sp. 19 5 2
Eukiefferiella sp. 264 153 150
Metriocnemus sp. _ 3 11 27
Orthocladius sp. L7 31 30

Total number of
invertebrates 371 255 397

g




N-139

"Locality ' no8S CRETLK
Site nusber 134

LT Grid reference 11U/NGLURAGY?

- - Elevation (metres/feet) 1632/5370

i Altitudinal belt subalpine
Maximum depth (m) 0.5
Surface area (hectares) -

Samnline date 8/v1/73 9/NII1/73
Collection number (9QQ-) £5 : 116
Time : 1040 o745
Alr temperature (°C) - -

. Sky - cloudy clear

I Snow cover {i) - -

Ll Ice cover (m) - -
Seceni disk (m) 0,5+ 0,5+
pH 8,36 -

- Conductivity (@25°C) 220 -
Samples c¢ollscted

Kick X X
Dredze - : -
Phytoplankton - -.
Macrophytzs - -
Zooplankton - -
Shoreline - -
Shore trawl - -
Fish (2/9111/73)

- Primary production - -

- Water chemistry X ' -

’ Stream flow (25/911 and 20/Y111/73)

Water temperature 5.0 -




N-140

Ross Creek (Site 134)

Summary of benthic invertebrate samples (numbers collected)

Coll. number 65 65 65 116 116 116
 Sample type K1 K2 K3 X1 K2 K3
Total wet

0ligochaeta ‘
Limnodrilus sp. - 1
Rhynchelmls sn.

-
!
t
'
I

Ephemeroptera
Baetis sp.
Rithrogens (robusta?)
- Cinygmula sp.
Ameletus sp.

| I I B 0N

[
oo
1w
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I el Bt

Plecoptera
Alloperla (fidelis?)
Acroneuria pacifica
Isoperla fulva
Isoperla sp.
= Nemoura oregonensis
"Nemoura cataractsae
i Unidentified

[ I ANVE |
~3
i

-

Pl
VLo

[ B R R LW

e S RN

]
]
i

Tricheoptera
Neothremma sp. 10 L
Parapsyche sp. - 1
Rhyacophila sp. 10 1C

O

0 W)
t

o
1w

Ciptera
Empididae ‘ L 5 1 -
Simunlidae
Chironomidae

Procladiuns sp.
EFukiefferieila sp.
Tanytarsus sp.
Orthocladius sp.
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Collenbola
Podura aguatica - - - 1 - -

Coleoptera - 1 - - - -
Misc. Insecta - - 1 - = 1

Gastropoda
Valvata sp. - 1 - - - -

Total number of _
invertebrates 43 40 20 22 29 17




N-141

Summary of Figsh Collection Data

Fish species Age Length (mm) Weight (g) Sex

Lake O'Hara (Site 9)

3almo clarki 3 171 42,2 F

3 173 52,0 M

i 258 182,5 F

L 288 290.0 F

5 272 229,5 F

5 272 229.5 F

5 255 211.5 F

6 290 249,0 w

6 295 319.0 ¥

6 295 310, 5 P

7 317 391.,0 B

g ‘ Ross Lake (Site 17)

Salvelinus fontinaltls 3 1R8 74,5 F

3 170 58,0 M

- L 252 193.0 F
6 252 293,0 F

6 248 202.0 F

é 260 211,0 F

7 300 307.0 M

" 10 268 218.0 F
11 300 307.0 o

Wwapta Lake (Site 20)

Salvelinus namaycush 5 217 118,0 -

7 2138 146.5 -

7 256 179.0 -

8 278 226.5 -

Q9 300 302,3 F

10 35k bsh,?2 F

10 360 L30,5 -

10 336 410,0 F

10 363 480.,5 -

; 11 396 748,5 F
§ 11 58 1070.0 P
11 k50 1087.0 M

12 450 1153.1 M




. Summary of Fish Collection Data- Cont'd

N-142

238 196,.8

Fish specles | : Age - Length (mm) Weight (g) Sex
Emerald Lake LSite 26)

Salvelinus fontinalis 3 193 101.5 -
. : 4 320 424,0 F
6 330 h78,0 F

6 338 647.0 -

6 362 709.0 F

6 380 639,0 F

6 b2s 1049,0 F

6 - 374 656.0 F

7 4hg 1310.0 F

Salmo gairdneri 3 159 5245 -
3 168 53 M

7 Sink Lake (Site 48)

Salmo gairdneri - 140 40.0 -
- 148 43,5 -

- 157 51.0 -

- 160 5645 F

- 170 63,0 -

- 180 63, -

- 180  75.5 F

Summit Lake (Site 49)

Salvelinus fontinalls 2 106 16.9 F
Salmo gairdneri 2 86 8.2 -
' - 166 . 63,5 -

2 170 71.5 -

- 179 770 -

2 183 . 83.2 -

- 196 9505 -

3 160 60,0 -

- 190 100,0 -



N-1473

Summary of Pish Collection Data- Cont'd

Fish species Age Length {mm) Weight (g) Sex

Hoodoo Creek (Site 106A)

82
81
81
74
75
78
79

55

63

109
113
116
145
181
180

Cottus cognatus

Prosopium coulteri
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Salvelinus fbntinalis'
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Porcupine Creek (Site 107)
Salvelinus fontinalis 3 142 37.5

=

Ottertail River (Site 108)
| 62

Cottus cogmatus
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Salvelinus malma
Prosopium coulteri
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Otterhead River (Site 111)

93 10,4
99 12,2
110 17.0
112 16,7
118 18,3
121 _ 20,5
134 32,0
168 71,5
184 81.7
245 . 209.,0
118 19,0
153 : 37.5
295 297.0

 Salvelinus fontinalis

Salvelinus malma
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- ) | | N-144

Summary of Fish Collection Data- Cont'd

Fish specles Age Length (mm) Weight (g) Sex

Lower Amiskwi River (Site 114)

.- Cottus cognatus 3 64 3.0 M
o i 75 k.5 M
= B y 76 5.3 i
Salvelinus fontinalils 2 118 18.0 -
‘ 5 219 113.,0 F
- Salvelinus malma 1 63 2.8 -
Emerald Creek (Site 114B)
Salvelinus fontinalils 1 56 2.0 -
‘ 2 70 4,5 -
2 7? 505 ' -
2 84 762 M
2 Qs 10.0 M
2 98 12,2 -
2 o4 11.0 M
2 110 14,0 M
2 113 18.0 M
3 142 43.5 F
3 122 23.5 M
- 3 1139 30.0 M
3 150 43,0 -
181 7h.5 M
Otto Creek (Site 116)
Salvelinus malma - 88 10.4 -
' 1 80 5.9 -
2 85 743 -
2 83 6.4 -
4 113 14,6 -
A L 1158 21,4 -
4 116 20,0 F
5 116 ‘ 17.5 F
5 121 21.9 F
5 141 33.0 F
6 137 32.0 F
6 140 38,1 -
6 157 LR, M
6 162 55,4 M
7 157 - 49,6 -
. 7 169 576 M
9 177 775 M
Upper Amiskwl River (Site 117)
- Salvelinus malma 2 71 bh.1 -
2 79 5.8 F
2 87 77 M
a 3 98 11 o? -
5 175 7540 iy
9 233 150,5 M




N-14s

Summary of Fish Collection Data~ Cont'd

Fish species Age Length (mm) Weight (g) Sex

Kicking Horse River (Site 118)

Cottus cognatus 3 63 3.0 -
' 3 61 2.0 -

Prosopium coulteri 3 104 12.8 -

Salvelinus fontinalis 2 81 7
2 89 7

Cataract Brook (Site 126-127)

59
59
60
61
23
2
66
67
70
73
80
89
96
106
117
97
103
115
116
136
147
143 |
168 58,0

Salvelinus fontinalls
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Ross Creek (Site 134)
Salvelinus fontinalis 2 108 20.5
' L 200 , 141,0
L 189 104,8
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SPECIES LIST

Chlorophyta
Volvocales
Chlamydomonaceas
Carteria asp.
Chlamydomonas SDPs
Tetrasporalss
Palmellaceae
Sphaerocystis achroeterl Chodat
Chlerococeales
Qocystacene
Ankistrodesmus falcatus (Corda) Ralfe )
Anklstrodesmus spiralls {Turrier) Lemmerman
Ankistrodesmus spp.
Dictyosphaerium pulchellnm Weod
Legerheimia ciliata {Lagerheim) Chodat.
Lagerheimia lengiseta {Lemm,) Printz
Legerheimia quadriseta (Lemm,) Smith
Nephroeytium agardhianum Naegeli
Qocystis spp.
Oocystis borgel Snow
Oocystis crassa Wittrock
Oocystis elliptica West and West
Cocystis eremosphaeria Smith
Oocystis gigas Archer
Qocystis parva West and West
Qocystis (near arcticus)
Quadrigula lacustris (Chod.) G. M. Smith
Schroederia setigera (Schroed.) Lemmerman
Tetraedon minimum (Braun.) Eansgirg
Coelastraceae
Coelastrum microporum Naegelil
Scenedesmaceae
Crucigenia irregularis Wille
Crucigenis quadrata Morren .
Crucigenis rectangularis (Braun) Gay
Scenedesmus bijusa {Turp.) Lagerheim
Scenedesmuzg brasiliensls Bohlin
Scenedesmus denticulatus Lagerhelin
Scenedesmia obllaguus {Turp.) Kretzing

Scenedesmus quadricauda (Turp.) de Brebisson

Zygnematales
Zygnemataceae
Mougeotla sp.
Hydrodictyaceane
Pediastrum tetras (Ehrenberg) Ralfs
Ulotricales :
Ul ~trichacene
Jlothrix subconstricta West
Ulothrix sp.
Con Jugales
Desmidliaceae
Cosmarium spp.
Cosmarium sp, (near bloeulastum)
Cosmarium sp. {(nean sexnotatum)
Cospaerium tetragonum var. Lundelli Cooke
Staurastrum bieneanum Rabenhorst

Cyanophyta
Chroococcales
Chroococcacess
Chrococecus frescotti Drouet and Dailly
Chroococcus minor (Kuetz.) Naegell
Gomphosphaeria lacustrus Chodat
Merismopedia elegans Braun
Merismopedla glauca (Ehrenberg) Naegell
Merilsmeopedia punctata Meyen
Mierocystls incerta Lemmerman

Hormogonales

Oscillatoriaceas
Arthrosplra Jenneri (Kuetz.) Stizenbergi
Lyngbya =p.
Ogeillatoria sp,
Osclllatoria geminata Menemghini
Gacillatoria limnetica Lemmerman
Osclllatoria rubescens de Condolle
Ogclllatoria sp. (near major)

Nostocaceas
Anabaena sp.
Nogtoc paludosum Kuetzing

Chrysophyta
Rhizochrysidales
Styloccaceas
Biltrichla chodatil {Reverdin) Chodat,
Lagynion sp. {?)
Chromulinaleg °
Chromulinaceae
Chromulina sp,
Kephyrion spp.
Kephyrion littorale Lund
Kephyrion obliquum Hillilard
Kephyriopsis spp.
Stenocalyx sp.
Chrysococcus sp.
Cchromonadales
Cechromonadacege
Oct romonas ap.
Dinobryaceae
Chrysolykos planktonicus
Chrysolkos skujae (Nauwexrck) Willen
Dinobryon sp.
Dinobryon asymmetricum Hilllard
Dinobryon attenuatum Hilliard
Dinobryen cylindricum Imhof
Dinobryon sertularia Ehrenberg
Dinobryon soclale Ehrenberg

Dinobryon soclale var., americanum (Brunn) Bachman

Pseudokephyrion sp.
Paeundokephyrion hiemale Hilliard
Pseudokephyrion hyalinum Hillierd
Pseudokephyrion parvum Hilliard
Pseudokephyrion undulatissimum Scherffel
Monosigales
Monosigaceae
Monosiga sp. (near vartans)
Salpingoeca sp.
Centrales
Coscinodlscaeae
Cyclotella spp.
Cyclotella minuta (7?)
Cyclotella ccellata Pantocsek
HMelogira itallca var, subarctica Mull.,
Pennales
Fragllariaceae
Diatoma sp,

Diatoma hiemale var. mesodoen (Ehrenberg) Grun,

Dlatoma vulgare Bory.
Fragilaria sp.
Fraglleris brevistriata Grun,

Fragilarla brevistriata var. capitata Herib,

Fragilaria construens (Ehrenberg) Grun.
Fragilaria crotonensis Kitton
Fragilaria pinnata Ehrenberg

Hannea arcus Patrick

Opephora sp.

Synedra spp.

Synedra scus Kutz,

Synedra radians Kutz,

Synedra ulna (Nitzsch,) Ehrenberg
Tabellaria fenestrata (Lyngb.) Kuetzing



Achnanthaceae
Achnanthes app.
Acohnanthes exlgua Grun.

Achnanthes exigua var, heterovalvata Krasske

Achnanthes flexella (Kutz.) Brun.

Achnanthes lanceolats var. dubla Grun.

Achnanthes linearis {(near var, curta)

Achnanthes microcephala (Kutz.) Grun,

Achnanthes minutissima (Kutz.) Grun.

Cocconels ap.

Coceonels placentula Ehrenberg
Naviculaceas

Amphipleura pelluclda (Ehrenberg) Kutz,

Diplonels elliptica {Kukz,) Cl.

Diploneis puella (Schum.) Cl.

Navicula spb.

Navicula elginensis (Greg,) Ralfs

Navicula menisculus var., upsaliensis (Gren) Grun,

Navieula radiosa Kutz,
Navicula tripunctate {Mull.) Bory
Neidium blonde (Ehrenberg) Hust.
Neidium globlceps Cleve
Pinnularia spp.
Stauronels spp.

Gonmphonemaceae
Gomphonema Spp.
Gomphonema acuminatum Ehrenberg

Gomphonema scuninatum var, coronatum Ehrenberg

Gomphonema intricatum Kutz.

Gomphonems olivaceum (Lyng.) Kutz.
‘Cymbellaceae T

Cymbella spp.

Cymbella affinis Kutz,

Cymbella amphicephala Naegeli

Cymbella ventricosa Agardh.
Eplthemiaceae )

Denticula sp.

Epithemisa sp.

Rhopalodia gibba Muller
Nitzschlaceae

Nitzschia spPPp.

Nitzschia palea {Kutz,) W.Sm.

Nitzschia sigma W.Sm.

Nitzschia suecica (Grun,) Cleve

Nitzschia thermalis Kutz.

Pyrrophyta
Gymodiniales
Gymodiniaceae
Gymnodinium sp.
Gymnodinium helveticum Penard,
Peridinlales
Glenodinlaceae
Glenodinium sp.-
Wolosynzkla sp. (7)
Peridiniaceae
Peridinium sp.
Peridinivm inconsplcuum
Ceratiaceae
Ceratinm hirundinella (Muller) Schrank

Cryptophyta
Cryptomonadales
Cryptomonadaceae
Cryptomonas spp.
Cryptomonas erosa Ehrenberg
Cryptomonas ovata Ehrenberg
Rhodomonas minuta Skuja

Euglenophyta
Euglenales
Euglenaceae
Trachelomonas sp. (near pulchellsa)
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Chlorophyta

Characeas
Chara sp.

Bryophyta

Hypnaceae
Drepanocladus aduncus

Pterldophyta

Equlsetaceae
Equisetum arvense L,
Equisgsetum rfluviatile var. Iinnaeanum L.

Spermatophyta

Na jadacenea

Potamogeton gramineus L.

' Potamogeton pectinatus L.

Potamogeton praelongus Wulf,
Cyperateas

Carex rostrata Stokes
Ranunculaceae

Ranunculus aguatilis L.
Haloragldaceae

Hippuris vulgeris L.

Myriophylilum exalbescens Fern.



Turbellaria
Tricladida
Planarildae
Polycelis corenata (Girard)
Heorhabdocoala
Mesostoma arcticum {?)

Rotifera (see gection F)

Hirudinea
Bhynchobdellae
Glossiphoniidae
Glossophonia complanata (L,)
Helobdella stagnalis (L.)
Arhynchobdellae
Erpobdellidae
Dina anoculata (?) Moore
Dina duble lMoore and Meyer
Dina parva Moore
Erpobdella punctata (Leldy)
Mooreobdella fervida {Verrill)
Nephelopsis obacura (?) Verrill

Trematoda
Digenia
Allocreadidae
Crepldostomum farionis {Muller)
Bunodera luclopercae (Muller)

Cestoda
Pgeudophyliidea
Amphlcotylidae
Eubothrium salvelini Schrank
Diphyllebothridae
Diphyllobothrium sp.

Nematoda
Spiruroidea
Thelaziidae
Rhabdochona milleri Choguette
Bhabdochona cottl Gustafson

Oligochaeta
Lumbricidse
Rhynchelmis sp.
Tubificldae
Tublfex sp.
IAmnodrilus sp.

Crustacea {see section F)

Insecta
Qdonata
Aeschnldae
Aeschna interrupta Walker
Aeachna palmata Hagen
Libellulildae
Sympetrum sp.
Coenagriidae
Ischnura perparva Selys
" Enallagma boreale Selys

Ephemeroptera

Heptagenlidae
Cingmula sp,
Epeorus {Iron) sp.
Epeorus (Iron) deceptivus (?) MeDunnough
Epeorus {Ironopsis) grandis HeDunnough
Rithrogena robusta (?) Dodds

Baetidae
Ameletus sp
Baetis spp.
Centroptilum sp.
Ephemsarella doddsi Needham
Ephemerella (Fuscata) proserpina Traver
Ephemerella {Invaria) inermis (%)} Eaton
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Ephemerella coloradensis Dodds

Ephemerella (Simplex) margarita (?) Needham
Habrophelbiodes sp,

Paraleptophelbia bicornuta McDunnough
Parameletus sp,.

Siphlonourus occidentalis (?) Eaton

Plecoptera

Peltoperlidae

Peltoperla mariana Ricker
Nemourildae

Capnia sp.

Nemoura cataractae Naeve

Nemoura einctipes Banks

Nemoura columbisna Claassgen

Nemoura oregonensis Classsen

Nemoura sp.
Perlodidae

Areynopteryx aurea

Isogenus sp.

Igoperla (sp. "C* sensu Ricker 1943)

Igoperla ebria (Hagen)

Isoperla fulva Claassen
Chloroperlidae

Alloperla fidelis {?) Banks
Perlidae

Acroneuria pacifica Banks

Trichoptera '

Rhycophilidae

BRhycophilia spv.
Glossosomatidae

Gloasosoma sp.
Psychomyiidae

Fsychomylia sp,
Hydropsychidae

Parasyche sp,
Phryganeidae

Bankslola sp.

Phryngana sp.
Iimnephillidae

Glyphotaelius sp.

Hesperophylax sp.

Limmephllus sp.

Weothremme sp.
Leptoceridae

Mystacedes sp.
Brachycentridae

Brachycentrus sp,.

Diptera
Tipulidee
Unident, sp.
Blepharoceridae
Bliblocephala sp,
Cullcidae
Aedes spD.
Chaoborus brunskilli (Saether)
Tabanidae
‘Unident. sp.
Simuliidae
Unident, sp.
Tetanoceridae
Unident, sp.
Empididae
Unldent, sp.
Ephydridae
Unident. sp.
Heleldae
Alluaudomyia sp.



P

.

Chironomidae
Procladius sp.
Pentaneura sp
Digmesa 38p.
Prodiamesa SDe.
Brillia sp.
Corynoneura sD.
Cricotopus sp.
Eukiefferiella sp. -
Metrocnemus Sp.
Orthocladius sp.
Psectrocladius sp.
Chironomus SD.
Chironomus {Limmochironomus) SP.
Dicrotendipes sp.
Cryptochironomus sp.
Pseudochironomus sp.
Phaencpsectra sp.
Tanytarsus 8p.

Heteroptera
Corixidae
Arcteorisa sutilis (Uhler)
Sigara (Vermicorixa) alternata (Say)
Gerridae
Gerris comatus Drake and Hottes
Gerris dissortls
Mesovelidae
Mesovela spe.

Coleoptera

Dytiscidae
Agabus tristis Ante
Hydroporus compertus Brown
Hydroporus griseostriatus {DeGeer)
Hydroporus occldentalls Sharp

Hallplidae
Halliplus sp. -

Acari
' Sperchonidae
Sperchon sp.
Lebertiidae
Lebertla sp.
Iimnesiidae
Limmesia Sp.
Hygrobatidae
Hygrobates sp,.
Unionicolldae
Unionicola sp.
Pionidae
Piona sp.
Hydroedromidae
Hydrodroma sp.
Arrenuridae
Arrenurls sp.

Mollusca
Pelecypods

Pisidium

Pisldium

Pisidium

Pisidium

. Pisidium

" Pisidium
Gastropoda

casternatum (Poll)
conventus Clessin
1illjeborgl Clessin
nitidum Jenyns
subtruncatum Malam
ventricosum Prime

Lymnaea arctica lLea
Gyralus parvuz (Say)
Physa gyrine Say
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Chordata
Ogtelchthyes

Salmonidae
Selvelinus fontinalus (Mitehill)
Salvelinus malma (Walbsum)
Salvelinus namaycush (Walbaum)
Salmo c¢larki Richardson
Salmo gairdneril Richardson

Coregonidsae
Prosoplum coulteril FEigenman

Cottidae
Cottus cognatus Richardson





