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ABSTRACT

Cedar Lake is the largest lake on the Saskstchewan
River system, having an area of 320,000 acres. The lake can be
divided into a main basin and a smaller, irregular north arm.
The physical and chemical properties of the lake and the benthic
fauna were studied during a period of two and a2 half months,
from June 1l to August 31, 1962. Twenty permanent stations,
located in the main basin of the lake were examined during six
approximately equelly spaced sampling periods. These stations
were positioned along 5 transects, at depths of 5, 10, 20 and
30 feet. A total of 600 dredge samples were taken over the
summer and from this material the number of organisms for each
sample period was counted and the wet and the dry welghts

determined,

During the study an attempt was made to determine the
factors affecting the distribution and abundance of the benthic
animals. It was found that wave sction in shallow waters and
the type of bottom material pregent ware probably the most
prominent factors, with depth acting indirectly, since it generally
controlled the two previous factors. I+t was also found that
with incresse in depth there was a concomitant increase in the
numbers of individuals and also of senersa represented. The
standing crop for each sampling period was determined from the

dry weights. The average of the six standing crops gave thne



same value of 22 lbs/acre as was determined by summing the
oroducts of the average bilomass for each depth zone and the

area of esch of these zones and then dividing the result by the
total area of the lake., Cedar Lake can be classified as a
eutrophic lake on the basis ol the physical and chemical properties

and the nigh productivity of bentnic fauna.
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THIRODUCTION

This study wss undertaken to determine verious aspects
of the limnology of Cedsr Lake, Manitoba. Iuch of tae lowver

s sssociated delts

(o

portion of the Saskatchewan River and 11
will be Flooded when the dam for hydro-electric power 1s completed

gt Grand Repids in 196L. The present survey was conducted

to provide a background for future investigatlons on the effects

of the establishment of this reservolr on biological productivity

of the waters in this area,

Ceder Lake, Latitude 53 degrees 15 minutes north,
Loungitude 100 degrees 15 minutes west, is the largest lake
in the Saskatchewan River system, covering an srea of approx-
imastely 320,000 zcres (500 sq miles), (Anon., 1961), at an
apoproximete elevation of 831 ft. above mean sea level, (Anon., 19061).
The principal influent i1s the Saskatchewan river, which drains
an area of approximately 129,5L0 square miles above Cedar Lake,
(Anon,, 1961). 1t originated from Lake Agassiz, a glacial
lalke, which covered a large portion of Manitoba, Ontario,
North Dekote and Minnesobta, (Butler, 1949). Cedar Lake lies
in the west-central portion of the Province, on the Interlake-
Westlake plain and is bounded on its western edge by toe Summer-
berry marsh. It is now separsted from Lake Winnipegosis by a
narrow strip of end moraine, The Pas Moraine, which extends

from Grand Rapids to The Pas,



Cedar Lake can be divided into two dlstinct reglons
a northern arm and a southern basin, The north arm 1s separated
from the main basin by a narrow channel and has a very ilrregular
shoreline, It 1s relstively shallow, mostly less than 10 [t.
and has a maximum depth of 18 ft. The principal influent of
the north arm 1s the Summerberry River, a branch of the Sask-
atchewan, A number of smaller streams enter this region of the
lake slong the north shore, The southern basin, having an area
of 17,109 acres (230 sq miles), forﬁs the larger portion of
the lake, with an average depth of 19 ft. and a maximun depth
of 32,5 ft., It is aporoximately 10 miles wide with a long arm
extending to the southeast, which forms the only outlet of the

lake,

£

The existence of published works in thils ares of
Ao

investigation is reletively sparse since studies of quantitative
and qualitative aspects of the distribution of benthic fauna

wers begun only about 60 years ago. Ekmen (1911) in his studies

of various

;ﬂ

ndinavian lakes was one of the initisl investigators
of benthic fauna., In his development of a2 closing dredge which

could sample a2 known arez of the bhottom

n, he lald the foundations

for modern day studies of benthic fauna, Following bkman's
work, a number of investigators entered this field. The
literature indicates thet in North Americe, interest in such
agpects of benthic fauna was highest between 1915 to 1930,
Juday (1922), Birge (1926) and Muttkowski (1918) conducted

most intensive studies on Lake Mendota,.



Muttkowski (1918), on the basis of a quantitative
and qualitative study of the benthos of Lake Mendota, attempted
to separate the lake bottom in regions, as follows.

Littorale coeecoosssss Bulittoral.......... Rachion.
eesesseeas Shore Line.
veessessss Plant Zone,

Sublittoral........., Shell Zone,

Aphytal.e.ceosseases. Area below shell zone,

At the same time, Baker (1918) was studying the
productivity of benthic fauna, particularly the molluscs, as
fish food in Lake Oneida. Adamstone (1923a, 1923b, 1924),
Adamstone and Harkness (1923) conducted four extensive studies
on the benthos of Lake Nipigon. Rawson (1930) studied the
benthos of Lake Simcoe., He also attempted to correlate the
productivity of benthos with the products of depth and areas
for a number of lakes which had been studied by various inv-

estigators.

Relatively few studies on benthic fauna have been
published since 1930. Hggleton (1931) did his study of the
profundal fauna of Douglas Lake, Michigan, in which he con-
sidered certain factors which could govern the distribution
of these snimals. Deevey (1941), undertook a study of the

bottom fauna of 36 Connecticut and New York Lekes. In 1952,



Ricker carried out a study of the bottom fauna of Cultus lake,
British Columbia, a typical oligotrophic lake, to determine

the extent to which such fauna mignt control the production of
certain fisn in tne lake. During the last decade, ouly a few
studies have been reported, mostly by Rawson, wio examined the
bottom fauna of numerous prairie lakes in western Canada, and

conducted an extensive study on these animels in Great Slave Lake.

There is a paucity of information on the benthos of
lekew in Maenitoba. Tne gualitative and guantitative aspects
of the composition of bottom fsuna in Cedar Lake was unknown.
This study had rour principal objectives. One was to measure
the physical and chemical conditions present in the lake and
thelr various trends during tae summer, The second objective
was to determine the distribution and sbundance of bottom
fauna by periodic sampling. The third objective was to determ-
ine as nearly as possible the prime factors wnich control tne
distribution and abundance of the benthic animals. The fourth
objective was to derive a quantitative statement concerning tne

production of henthos in terms of tne standing crop,.



METHODS AND MATERIALS

I. Sempling Stations

This limnological investigation ot Cedar Lake was
conducted from mid June to tne end oi August, 1902. Twenty
permanent stations were established in the main basin of the
lake, along five transects, indicsted hereafter by the numerals
1Y to 'S5, with the locations of these transects selected so
that o variety of gradients of the bottom would be obtained,
I'ne locations of the transects are shown in Figure 1 and the
profiles ol these gradients are shown in Figure 2, Four stations
were establisned at depths? of 5, 10, 20 and 30 feet and desig-
nated hereatter as 'a', 'b!', 'c! and rd! respectively, along
cach oI these I'ive transects The stations were marked with

anchored buoys.,

Bach of the stations was sampled six times, at approx-
imately 2 week intervals, indicrted nereasiter as sampling periods,
I, IT, I1I, IV, V anda VI. The sampling procedures were coli-
ducted from a 15 it. aluminum skiff. One transecct could be
sampled in half a day (i. e, 5 ars), weather permitting, so that
the minimum sampling period was two and one-half days. However,
strong winds and severe wave action often prevented tne study
from being completed as scneduled. “The du.ation of each of the

samoling periods is shown in Table I.

1/ The depth contours were determined in another gstudy (Garside,
pers, comm, ) from sounaings made along approximately 10
predetermined, compass-oriented transects,
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Figure 1

Map of Cedar Lake, with contour lines and the location of the
established transects.









-5b-

PR

Figure 2

Profiles of bottom gradient of Cedar Lake along the five
established transects, with stations located at depths of
5, 10, 20 and 20 feet,
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Table I

Tneclusive dates of the six periods for limnological sampling
of 20 selected stations in the main basin of Cedar Lake, Manitoba.

Sample Total Sample Total
Period Sampling Period Sempling
Number Period Number _Period
I June 1. - June 27 IV July 30 - Aug. L
1T June 29 - July 7 v Aug. 1 - Aug. 20
11T July 18 - July 20 VI Aug. 30 - Aug. 31

Contours of the main basin were drawn on a map of
known scale. The areas within the succesgsive contours were
measured by @ ans of a polar planimeter, The perimeters of the
shoreline and of the 5, 10, 20 and 30 ft., contours were ascer-

teined by use of a map measurer,

1I. Sampling Technigues

(a) Physical and Chemical Measurements

Water temperatures were taken at each station during
each sampling perlod by means of an electric Agua-Temp thermal
recorder, at vertical intervals of 2 ft.

Readings of water

transparency were made by means of a standard Secchi disc,

Samples of water were taken near the bottom at each

station by means of a Kemmerer water sampling bottle of 1,200 cc.



...7._

capacity. The concentrations of dissolved oxygen were delter-
mined for subsamples o this water by the unmodiriied winkler
method (Anon., 1960). Determinations of the concentration of
dissolved oxygen were also made on the surface water at all

B! stations. Total alkalinity, expressed by methyl zreen and
ohenolontnalein alkalinities, was determined titrimetrically
(Welech, 19L48). Concentrations of total dissolved solids, were
determined by means of a conductivity bridge. Tnis concuctivity
bridge was a portable type for field use developed by tne
Fisheries HResearch Board of Canada (Hoy, 1959). Concentrations
of hydrogen-ions in the alorementioned water samples were
measured by means of a Beckman pocket pH. meter. Tne iree
carbon dioxide in tnese éamples was determined titrimetrically

by the sodium nydroxide method (Anon,, 1960).
(b) Collection of Bottom Fauna

Five dredgings were made at each station during esch
sampling period by means of a 6 by 6 in, Ekman-Birge dredge,
giving e total of 600 dredge samples Ior the entire summer.

A qualitative description of the bottom material was recorded
from the dredgings made at each statlion. Thne samples ol bottom
material were washed immediately, in = wire screeh oi thirty
meshes per incn, and the animals Irom eszch dredging were picked
I'rom the screen and preserved in a separate vial in 70 per

cent alcohol, The cases of larval c=ddis flies ( Order
Tricnoptera) and tne sinells of molluscs were also collected for

possible identification.



Subsequently the collected organisms were identified
with the aid of both stereoscopic and compound microscopes.
Standard taxonomic keys were used for these identifications,

( Bddy and Hodson (1961), Pennsk (1953) and Ward and Whipple
(1959) ). The following works were also consulted when necessary
to identify certain of the more difficult and obscure groups.
These are as follows: Nematoda, Cobb (1915, 1935); Mollusca,
Goedrich (1932); Diptera, Curran (193L), Johannsen (1937a,
1937b) ; Trichoptera, Peterson (1951), Ross (19Ll1). Organisms
were identified as to Genus except for specimens of Ceratopogonidae,
whereidentification was not attempted below the level of IFamily.
The clasgification of the taxonomic groups used, 1is based on
Pennalk (1953) and is given in Appendix I, An accurate count of
all orgenisms was mede and the specimens were preserved again

and neld for later gravimetric analyses.

The wet welght of the animels Irom eachh vial was
obtained with a torsion balance graduated in milligrams, The
animals were first placed on filter paper to remove the excess
moisture, The shells of molluscs and the ceses of larval caddis
flies were not included in these weights., The dry welgnts of
these sampleswere also determined, . The samples of animals were
dehydrated in an electric oven at 50° C, for 2l hrs., before

welghing.



RESULTS

I. Pnysical and Chemicsl Determinations
(a) Temperature

The last ice leit Cedar Lake on June 1 and Ifrom this
time the temperature ol tihe suriace water rose gradually to a
high of 70°© F. on July 31, and then gradually declined to

62° F, by august 31.

No thermocline wes formed in the lske, IHowever, the
surface temperature was always slightly nigher than that of
the bottom. The greatest difierence in temperature between the
surface and tne bottom was four Fahrenheilt degrees. Table II
gives the mean temperatures ior the various depths during each

of the six sampling periods.

Table II

Yean water temperature at various depths for the six sampling
periods. The tempzratures are reccorded in degrees Fanrenneit.

D;ith Sempling Periods
1 It IT1 IV vV VI
Surface 65 66 69 70 67 62
5 Feet - 66 68 69 67 62
10 Feet - 66 67 68 66 61
20 Feet - 65 66 68 65 61
30 Feet - 6l 65 6 6l 61

% Temperature recorder not available.
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Figure 3

Temperature distribution at various depths of Ceder Lake during
five of the six sampling periods.

Temperatures are given in
degrees Fanrenheit,
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I'ne temperatures =t the various depths during the sampling
periods are also shown in Figure 3, Figure 3 indicates that
the difference in the temperature between the surface 2nd the

bottom becomes progressively less af'ter mid-July.

(b) Transparency

Table III

Depth of transperency of the water at the 20 stations during the
six sampling periods., The depths are given in feet.

Sampling Periods

Stations

I IT I1T iv v VI

1a 1.5 1.0 2.0 1.6 0.9 1.9
b 1.5 1.5 2.5 1.5 0.8 1.5
c 1.0 1.0 2.5 1.5 1.0 1.8
d 1.0 0.5 2.5 2.5 1.5 1.8
28 1.9 2,0 3.5 3,5 3.3 2.0
b 2.0 2.5 2.5 3,0 2.8 2,0
c L.5 3.0 2,5 2.5 2.5 2.3
a e 2.0 2,0 2.0 2.5 2.3
3a 0.7 2,0 2,0 2.5 1.5 0.7
b 1.l 2.0 2.5 1.3 1.5 0.7
c 1.5 2,0 2,0 1.3 1.5 0.7
a 1.5 1.5 2,0 3.0 1.3 0.8
Lia 1.0 1.0 2.5 1.5 1.5 0.7
b 1.0 1.0 2.5 1.5 1.5 0.7
c 1.5 1.5 2,71 1.5 1.0 0.7
ad 2.5 1.5 2.5 1.3 1.5 0.7
Sa 1.0 0.5 1.0 0.5 2.0 0.7
b 0.5 1.0 1,0 1.0 1.5 C.7
c L.5 2.5 1.5 1.0 0.5 2.0
d 3.5 3.0 2,0 3.5 1.8 0.7
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Transparency ranged from a maxium depth of l.,5 ft. to
a minimum depth of 0.5 ft. during the course of the study,
Table TII gives the individual Secchi readings and shows the
tendency towards reduced transparency following the third

sampling period,

During the first half of the survey period, the
colour of the water was light brown. However, there was a
noticeable change to dull green during the second half of

the survey.,

(¢) Dissolved Oxygen

Dissolved oxygen in the gsurface waters ranged from
7.8 to 10.lL ppm during the study. The dissolved oxygen in the
bottom waters ranged from 8.0 to 9.5 ppm. The concentration
of dissolved oxygen was averaged for each depth at each sampling
period and these data are shown in Figure l,. The concentrat-
ions of oxygen for each station are shown in Table IV. There
was no apparent stratification in the distribution of dissolved
oxygen during the period of the study, and no indications of
oxygen deficiencies at all., The percentages of air-saturation
of dissolved oxygen, shown in table V shows the continuously
high concentration of dissolved oxygen present in the water
during the study. During certain sampling periods the surface

waters often possessed values over 100 percent saturation.



VI

Results are given

Stations (b) have a surface determination
IV

Sampling Periods

-1 0=
Table IV
1T

(ppm. ).

indicated as 18t and a bottom determination indicated as 1Bt,
Stations

Concentration of dissolved oxygen of the bottom waters at the

20 stations during the six sampling periods,

in mgm. /1.
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Figure I

Distribution of methyl green alkalinity at various depths ol
Cedar Leke during the six sampling periods., Alkalinity is
given in parts per milliion.
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Table V

Varistions in the average percentage of ailr-saturation of
dissolved oxygen, in the water of the gurface znd of the bottom
during the six sampling periods in Cedar Lake,

Sempling FPeriods

Depths
T 11 I1T 1V Vv VT
Surface 82.9 85,6 L. 7 100.2 92.0 104, 7
Bottom 780)—§ 81.8 Q2.3 SH..L] 87.1 9,-5

(da) Total Alkelinity

In the determination of totel alkalinity of seamples
of water from the bottom, there was no phenolphthalein reaction
which indicated that there wss no carbonate or hydroxide present
in the water. However, the mean values for methyl green alkal-
inity of the various depths showed a range from 61.2 to 68.L

- s 5
L

ppm of bicarbonate, Table VI gives the individual velues for

eacn station., There is a trend to increasing alkalinity with

162}

increasing depth as shown in Figure 5, However, the greatest
I

veriation shown in Figure % 1s only 2.5 ppm and is probably

without any significance,

(e) Total Dissolved Solids

The total dissolved golids over the summer ranged from
230 to 310 ppm as shown in Table VII, The averages of these

data at the different depths are shown in Figure 0,
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Figure 5

Distribution of alkalinity at various depths of Cedar Lake
during the six sampling periods.
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Figure 6

Distribution of total dissolved solids at various depths of
Cedar Lake during the six sampling periods,
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(f) Hydrogen-Ion Concentration and Free Carbon Dioxide.
The hydrogen-ion concentration of the water varied

. without trend from 7.8 to 8.2, as shown in Table VIII.

The free carbon dioxide remained at an average of
about l ppm during the period of the survey, as shown in

Table IX,

Table VI

Methyl green alkalinity at each of the 20 stations during
the six sampling periods. The results are given in ppm of
bicarbonate.

Sampling Periods

Stations 1 T I1IT v v VI
18 55 68 68 62 70 63
b 65 68 68 65 70 63
c 65 73 66 66 68 63
a 65 67 63 71 69 60
28 50 62 71 68 66 63
b N 60 73 68 67 62
c 59 60 7 67 bl 60
3 67 67 70 68 6L 63 -
3n 61 61 65 66 63 67
b oS 57 65 61, 63 68
c 52 53 66 6L, 65 6l
a 61 65 70 68 66 6L,
La 65 6l 60 66 66 65
b 65 65 67 ol 6l 65
c 62 6L, 65 69 67 68
a 59 63 69 66 69 65
Sa 65 62 66 62 65 66
b 63 60 68 6l 67 6l
c 62 60 67 66 66 66
a 61 65 63 6l 66 66
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Table VIT

Concentrations of total dissolved solids at each of the 20
stations during the six sampling periods, The results are
recorded in ppm,

Sampling Periods

Stations I I 111 v v VI
1a 250 28l 276 276 250 277
b 235 28l 290 276 256 270
c 235 263 297 256 226 248
a 230 263 28l © 270 218 25l
2a 230 230 276 276 263 2.8
b 230 230 28ly. 283 22 218
c 230 263 28l 2611 22 2l8
a 230 22 28l 270 22 25l
3a 230 263 250 26l 263 22
b 230 263 263 270 263 263
c 269 263 2673 270 263 218
a 276 263 28l 270 263 270
La 293 235 310 250 250 218
b 293 256 270 256 250 232
c 293 281, 270 259 28 22
a 293 270 276 270 256 22
5a 270 270 2y 2ll 250 238
b 25l 263 270 256 250 261
c 293 276 256 256 218 270
d 293 263 263 276 a2 218
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Table VIII

The pH

of the water was not taken during the first sampling period.
The bottom sample is indicated by 'B' and the surface by !'St,

The pH of both the surface water and the bottom water at each
of the 20 stations during the five sampling periods,

Sampling Perlods
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Results
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Sampling Periods
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II, Collection of Bottom Fauns
(a) Types of Bottom Material

Five distinct types of bottom were found. These were
classified as follows; rock, stones over l in.; heavy gravel,
stones from 1 to L in.,; light gravel, stones less than 1in,
sandy mud, approximately equal portions of sand and mud; mud,

a light brown mud often overlying grey clay. Table X shows
that each of the five transects has a variety of the five types
of bottom, The bottom of the deep, central basin of the lake

appears te be composed entirely of mud,

Table X

The composition of the bottom material found at each station
along the five transects.

Transect Sample Stations
a b c d
1 rock light gravel mud mud
2 rock rock rock mud
3 rock rock heavy gravel mud
h heavy gravel light gravel mud mud

5 sandy mud sandy mud mud mud
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(b) Identification and Enumeration of Animals

The total number of animals found at the twenty

riod was L ,L.31. This

0]

stations during the first sampling

4

number rose to a nigh of 6,431 animals for sample period II and

N

2

then declined gradually to 5,367, 4,623, l1,505 and l,L12
respectively; for the remaining four sampling periods., These
data are listed in Tables XI to XVI inclusive., The number of
animals found at each contour, that is, the total number of

.

organisms for the five stations per ssmpling period, shows

Varlations within each contour. However, the pesk numbers do
not occur at the same sampling period for each contour during

the study, Table XAVII shows these date,

Table ZVII

The total number of organi cund Ifor each zone, as represented
o contours, IS h sewmpling ~iod i
> sung ol the ers of snimals
2L eacn of th phhs,
Zone Sampling Periods
(contour in
ft,.) I IiT IIX IV v VL
w ¢ o ~ -~ 0
05 51 Sl 167 495 bre 308
5-10 1115 775 556 72 T2 659
10-20 132 2130 1512 1336 1175 1297
20 ~) = ~ Y
20-30 1343 33T 26948 2238 1987 2118
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The numbers of the various Classes of animals found in bottom

gsamples at each station during the first sampling period,
Orders are shown for the Class Insecta.

June 1l to June 21,

—
0T o

Q0 T

\j"

2O TP

" Station

Insecta
©
<
< @ [0} [
o o @ & L S
O] @ (s T o) © joR [ay [}
«© [as} 0] 0] o} o] + O & 42
o) < o O joR joh 0, £ CTS © oF

fe! o) [S) o o b O @] [0} o 42 O
e SR o} o] 42 © & £ = o o 4 —
[o% o =y o o o -2 >} o 42 4 A%
®© o= R -t P i oW e £ iy < i A+
o o ~ - £ D e e { > o &

“ SN, -] > o = ‘ = o

z - - - - 2 Il (I - (I 18
10 - - - - W 12 2 6 3 T - 38
20 - 1L 93 11 7T 59 - - 65
30 - - - 522 1?5 53 1 8 71 - - 77

»

5 - - 1 2 10 - - - -
el
20 - - - - - - - - - - - -
30 1 5 sl 6 - - 128 - - 19

5 - - I - Lo - 1 - 6
jO - 1 - - -3 5 2 1 2 - 1u
20 - ~ - - 269 140 2 73 22 - - 506
30 - 1 - 59 7 10 71 138 7 - - 23
e U

) - - 1 139 29 2 10 MB - 230
20 - - 2 16 66 1 72 7T - - 165
30 - u - 7 20 6M 2 49 13 - - 159

5 - - - - L 5 1 - - 1 - 11
10 b6 - 182 a3y 117 - 8 L2 - - 93
20 - Ly - L 29 69 Iy 3 03 - - 188
20 - 25 - 13 83 145 - 7 21 - - 29

TLI3T




Table XIX

The numbers of fthe various Classes of animals found in bottom
samples a2t each station during the second sampling period,
June 29 to July 7. Orders are shown Ior the Class Insecta,

Insecta
©
<
o © o) a
40 o] [ - 42 &
0] oy} ] el o] (O] [oN [a)) ]
< o I © © o} e SR] e} S 2
QO < K - O o, Q. Q, & w © [N
o o) 13} o o By 0 o) © £ 42 o
R RS + o o] 42 ) o o = © o, —i ~
o O m af a ) o + O © + o @ ©
RN = - & = — 0 - e o, < 20 4
e © - . & o) ® Sy Q, o © o© o
= O = O 0y ] = et - jan = =
Ta 5 - - - - - - - - - ~ - -
b 10 - - - 3 - - 2 - - - 5
c 20 6 1 - 11 109 15k 7 133 59 - - 583
d 30 i 5 - 1135 378 121 n 8 oly - - 174b
2a 5 - - - - - 1 oer - 1 - - 2
b 10 - - - - -~ - - - - - - -
c 20 - - - 5 - - - 3 - - 8
d 20 i 25 Lo 111 107 158 6 z2 66 - - 193
3a 5 - - - - 3 22 - - - - - 25
b 10 - - - - L 26 1 - 2 - - 273
¢ 20 2 - - 100 132 75 3 99 30 - - Ll 1
d R0 - 1 - 15 30 110 11 107 9 - - 277
La & - - - - 3 Q 1 - 1 2 - 16
b 10 1 - - - 16 15 - T 2l - - 170
? 20 - 2 - 5 92 1@2 10 111 27 - - 389
d 320 - 2 - 6 58 106 5 92 23 - - 2973
5a /5 - 3 - n 16 - - 6 13 - - 52
b 10 - 5 - 327 102 70 u 9 20 - - 567
c 20 17 ol 4 6 191 298 1 12 93 - - 713
a 30 3 27 - 2L| 117 216 13 7 128 - - 535




Table XITT

The numbers of the various Classes of animals found in bottom
samples at each station during the third sampling period, July 18

to July 20, Orders are spnown for the Class Insecta.
Insecta
@
) P~
B s o & & £
O w fand e} re o joN ® fay)
o o © ® @ o) o R o iy &
o is o < O o o, o, N @ o @
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b 10 - - - - o 28 1T - 5 - - L
¢ 20 - I - Iy 63 sh 18 72 L8 - - 263
d 30 2 32 3 639 242 222 8 2 25 - - 1175
2a. 5 - - - 1 - 16 - 2l 2 - - L3
b 10 - - - 2 3 - 2 - - - -l 11
¢ 20 - - - - - - - - - - 1 1
d 30 6 18 - 25 103 111 L - 221 - - 1,88
38 5 - - - - - 77— - 2 - - 9
b 10 - - - - - i - - 2 - - 6
c 20 - - - . 209 104 80 2 59 1 - - 188
d 30 - - - 3871 117 9 95 & - - 336
lia ©§ - - 1 - 1 76 9 9 2 - - 108
b 10 - 6 - Lo 12 187 L 21 28 1 - 35
¢ 20 - 7 - L 96 178 i 72 18 - - 379
d 30 - 2 - I 19 50 3 62 31 - - 171
L S T - - - - 1
b 10 - 77 - 232 135 83 11 7 17 - - 560
c 20 - 27 1 6 145 224 3 2 73 - - 331
a 30 - 2 - e 116 324 1 28 15 - - 528




The numbers of the various Clasgses of
the fourth sampling period
g I s

Teble XTIV

samples at each station during

to August L.

Orders sre shown

for the Clasg

Insecta,

animals found in bottom
July 30

[nsecta
¢

eyl W @ o

2 @ @ L 4+ &

o] 2] o o] e © [ il 0]

o oo Il ® @ O o} 43 O 0y 4

@] e rd o O [ Oy y [ w a4 [N
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2a © - - - - - 8 - - 1 - - 9
b 10 - - - - - - - - - 1 - (
c 20 - - - - - - 2 - - - 2
d 30 6 1 56 59 - 1 155 - - 278
33. 5 - - - - = 3 - - - - - 15
b 10 - - - - 2 9 3 - - 1 - 15
¢ 20 - - - 11 57 111 20 78 (m - 1 292
d 20 - 2 - 9 26 58 - 29 1 - - 138
lla 5 - - 1 110 128 313 i 1 - 260
b 10 - 3 - - 115 109 1 2l 22 1 5 281
¢ 20 - 3 - 1 66 13l 3 55 7 - - 269
d 30 - 5 - 72 55 367 14 38 13 - - 56k
5a 5 - - - 1T 2 5 - - T - - 9
b 10 - 18 - 16 187 71 3 9 13 1 - 36
¢ 20 33 - 2 167 225 2, L 17 - - 475
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Table XV

The numbers of the various Classes of animals found in bottom
samples at each station during the fifth sempling period,
Auvgust 1 to August 20, Orders are shown for tne Class Insecta,

Insecta
¥
o @ T @
o o o @ @ o o 40 0 S 42
o o < S © o8 o o o < I 2
= O (@] o [ay] oy o o) © & 1> O
45 4D RS o T + o & o = ) [oR —
5o o s L z O P 3! 5 2 o o
e L = A = S S S~ A R @
- © o © s < = = o i =
ta §© 1 - - - ( - - 1 - -
b 10 - - - - - - - 1 -1 -
c 20 - - - 5 86 136 17 63 3 - 310
d 30 - - - bh2 95 117 LT 30 10 - T
2a 5 - - - - - 16 [ - 2 - -
b 10 - - - - - L 2 2 - - -
¢ 20 - - - 1 - 1 2 1 2 - -
d 30 1 ' - 8 61 L5 2 i 156 1 - 29
3a 5 - - 2 [ - 28 - - 2 - 1
b 10 - - - - - 1 6 2 - - -
c 20 - - - 87 5 26 337 6 - - 21
d 30 - - - 17 Wy 109 1 78 3 - - 252
ha 5 - 1T - 2 159 10L 2 35 3 - 3 509
b 10 - 10 - 2 161 237 6 16 11 - - Lh3
c 20 5 - ly 57 128 2 3l il - - 234
da 30 1 5 58 163 1 52 1 - - 291
Sa 5 - 3 - 11 13 10 - 17 - -
b 10 - 2l - 118 58 39 1 8 11 - - 2
¢ 20 - 9 - 5 136 230 15 10 8 - L
d 30 - 10 - 68 72 226 S 19 8 - - Ly




The numbers of the various Classes of

-25-

Table XVI

animals found in bhottom

samples at each station during the sixth sampling period,
Orders are shown for the Class Insecta.

August 30 to August 31,

Insecta
=
o
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d 20 - - - 5y 165 246 62 b6 15 - - 55
2a © - - - 18 Lo - - 30 - - 61
b 10 - - - 1 1 6 2 1 - - - 11
¢ 20 - - - 5 - - - - - - - 5
da 30 - I - 5 85 162 6 8 187 1 - L58
3385 - - - - - 5 8 1 - - -y
b 10 - - 1 - 1 2 3 - - - 7
¢ 20 - - - 62 131 AB - 62 9 - - o7
d 30 - T~ M A7 86 L 43 4 - - 435
ha 5 - 2 - - - I 1 - - 1 - 8
b 10 - 10 - 15 106 78 10 7 7 - 3 236
c 20 (. 37 56 229 9 61 5 - - 388
d 30 - L - 25 20 88 6 53 2 - - 198
5a &5 - 2 L 66 9 1 Ly 2 - - 89
b 10 - 5 - 05 86 6l - 1 9 - - 370
c 20 - 18 - - 110 185 9 u 28 - - 35&
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The 0 to 5 ft. zone, as represented by The data for tne 5 f't.
contour (stations 'a'), was found to nave tne least number of
orsanisms during each sampling period and tne 20 to 30 ft. zone,
as represented by the data for the 30 I't, contour (stations 'd')
had the grestest number during each sampling period., The 5 to 10
it, zong, represented by the data for the 10 ft. contour (station
'b!) had a greater numner of animsls tnan the 0 to 5 ft. zone but
less numbers than the 10 to 20 ft. zone. The 10 to 20 ft. zone,
represented by data for tne 20 ft. contour (station 'c') nhad a
greater number of animals than the § to 10 ft. zone but Less

than the 20 to 20 1t. zone.

There ié an increase in the number of genera, with the
incresse in depth, as shown in Figure 7. At the 5 ft. contour the
most common organism found was the gastropod, dmnicola sp. At
the 10 ft. contour, supeerids, =nd Gammarus sp. were most vrev-
alent, At the 20 ft. contour, sphaerids, Amnicola sp. and the

Crusteceans, Gammarus sp., and Cypriconcha sp. were most

predominant, and finslly the 20 ft. contour contalined mostly

spheerids, crustaceans, Amnicola sp. and diptera larvae,

The various Genera and their numbers found at esach

station during the six sampling periods are shown in Auvpendix IT.

L)

During the summer the total number of organisms found in
sach zone varied from sample period to sample veriod. The two more
shallow zones both reached peak numbers at different times and app-

to have no correlation. Trends for the two deeper zones tend
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Figure 7

Variations in the number of genera pregent during the six
sampling periods, with increasing depth.
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to run - parallel to one another and have their peak abundance

during the same sampling period.

(c) Gravimetric Analyses of Samples of Animals

The wet weights of the samples of animals are listed

in Table XVIII.

The dry weights of the samples of animals are listed
in Table XIX, The dry weight was found to be approximately

15 per cent of the wet weight,

There are variations in the dry weights of the animals
at the various depths and at various sampling periods, as shown
in Teble XX and as shown by the mean weights for the various
depths in Figure 8. The 0 to 5 ft. zone reflected in the samples
for the 5 ft., contour is the least productive area of the main
basin of the lake in terms of bottom fauna, while, in turn, the

10 to 20 and the 20 to 30 ft. zones are the most productive

areas of the bottom.
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Table XVIIT

Wet weights in grams of bottom animals at esch station during
each sampling period. Each weight is a total of five dredge
samples. The shells of molluscs and the cases of larval caddis
flies are excluded,

Depth Sample Transects

ft, Period

1 2 3 n 5 Total

T 0,010  0.020 - - 0.005 0,035

TT - - 0.010 0,010  0.390 0.410

11T - 0.115  0.025  0.305 - 0,045

(a) v 0,035 - - 1.375  0.040 1.4L45

v - - - 1,760 1.135 2,895

VI 0.025 0,010 0,020 0.010  0.0LY 0.110

I 0,100 - 0.025 1.730  0.575 2.430

Iz 0.010 - 0.020 1.915  2.610 L.585

10 ITT 0,285  0.065 - 0,765 1.595 2,710

(b) v - - 0,040 1.785 2,230 L.055

v 0,020 0.015 0,060 1.570  1.050 2,715

VI 0,040 0,065 0,015 0.3,0 0.575 1,035

I 0.280 - 1.795  3.735  0.915 6,725

TI 2.590 0,015  L,165  6.230 1,385 1.285

20 T1T 2,855 - 2,500 5,070 0,130 10,5553

(e) v 2.085 0.030 3. 445 3. 840 0.L65 9,865

v 3,630 3.730  1.765 2,150  0.785 12,060

VI 3,150 0.110 2,680  [.100  0.160 10,200

T 0.165 2.890 2.930 2.290 0.575 8.950

1T 1,205 2,845  L.510 5,285 1.1,05 15, 250

30 111 1.770  2.845  L.510 5,285 2,415 13,580

(a) Iv 0.785  0.775 2.035 2,860 3.0lL0  9.495%

v 2.585 2,205  L.LLho  2.945  L.350 16.525

VI 0.900  2.4L95  2.710  3.170  1.160 10.435




Table XIX

Dry weights in grams of bottom animals at esch station during
each sampling period. FRach weight is a total of five dredge
samples. The shells of molluscs and the cases of larval caddis
flies are excluded.

Depth Sample Transects
ft. Period

1 2 3 n 5 Total
I 0.005 0,01 - - 0.001 0,017
1T - - 0.005 0,005  0.100 0.110
5 I11 - 0.025 0,005 0,085 - 0.115
(a) I 0.005 - - 0.195 0,010 0.210
v - - - 0.245  0.150 0,395
VI 0.025 0,005 0.005 0,005 0.070 0,050
I 0.020 - 0,005  0.255  0.095 0,375
I 0.005 - 0.005  O.4710  0.745 1.165
10 IIT 0.135  0.015 - 0.110  0.325 0,585
(b) Iv - - 0.010 0,255 0,365 0.630
v 0.005  0.005 0,020 0.205 0.795 0.},20
VI 0.040 0,015  0.005 0.095 0.160 0,315
I 0.060 - 0.240  0.5L5  0.170 1.015%
1T 0.415 0,005 0.380 0.700 0.265 1.765
20 III 0.520 - 0,265 0.675 0.105 1,565
(c) IR 0.325 0,010 0,385 0,450 0.090 1.260
v 0.630  0.930  0.345 0.385 0,195 2.1,85
VI 0.505  0.025 0,355 0,738 0.040 1,660
I 0.030  0.355  0.955 0,340 0.138 1.815
II 0.195 0,280  0.4,30 0,570 0,290 1.765
30 III 0.330  0.180  0.475 0.345 0,325 1,655
(d) IV 0.160  0.7115 0,270 0,385 0,375 1.30%

v 0.450  0.350  0.715  0.i85 0.565 2.56%
VT 0,195  0.325  0.L25 0.530 0.205 1.580
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Table XX

The total dry weights in grams of bottom animals in each depth
zone during each sampling period.

twenty five dredge samples,

Bach weight is a total of

Zgne Sampling Periods
tre.) I IT  ITT IV v VI Total
0 -5 0.017 0.110 0.115 0,210 0.395 0.050 0.897
| 5 - 10 0.375 1.165 0.585 0.630 0.430 0.315 3.500
10 - 20 1,015 1.765 1.565 1.260 2,485 1.660 9.870
20 - 30 1,815 1.765 1.655 1.305 2.565 1.680 10.785
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Figure 8

Variation in the dry weight of organisms with depth during the
six sampling periods,
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DISCUSSION
I. Physical Characteristics

Lakes, on the basis of their biological productivity
can be classed as either teutrophic! or 'oligotrophict,
Euthrophic lakes, such as Lske Simcoe (Rawson, 1930), are those
which are rich in nutrient materisls, while oligotrophic lakes
are generally relatively poor in nutrient matter, as for exemple
Cultus Lake (Ricker, 1952). Cedar Lale is a typical eutrophic
lake, since 1t possesses the necessary attributes usually
ascribed to such lakes, Certain of the differences between
these two types of lakes are shown in Table XXI,.

Table XXI

The primary physical differences between eutrophic and

oligotrophic types of lakes., Adapted from Welch (1952).
Butrophic Oligotrophic

a) Relatively shallow; deep, Relatively deep; large, cold
hypolimnion minimal or hypolimnion,
absent,

b) Abundant amount of susp- Reletively little suspended
ended material, material.

c) Blectrolytes variable, HBlectrolytes generally low,
often high.

d) Dissolved oxygen 1s redu- Dissolved oxygen remains at
ced in hypolimnion of high level at all depths,

atratified lakes of this
type.




Cedar Lake can be considered a relatively shallow
lake gince the meximum depth recorded was 32.5 ft. and the
mean depth of the main basin is 18.9 ft. Slightly less than
half of the area within the main basin lies within the 20 and
30 ft. contours., Much of the northern arm, which was not in-
cluded in this study, is less than 10 ft. deep. The greatest
depth in the north arm is 18 ft. The main basin deepens grad-
ually as shown in the profiles in Figure 2, with the maximum
depth located in the southeast portion, in the vicinity of

the outlet to Cross lLake.

There was no thermocline and only a slight difference
of four Fahrenheit degrees in the temperatures of the surface
and the bottom, which indicated that the entire body of water
was in circulation,b This small variation in temperature between
the surface and the bottom is common in shallow eutrophic lakes.
Lawler (1958) found only a slight gradient between the surface
and the bottom in Heming Lake and Pearéy (1953) found only a
few degrees difference in the temperature between the surface
and the bottom of Clear Lake, Iowa, There is a striking
difference in this gradient of temperature and that of a typical
oligotrophic lake such as Cultus Lake (Ricker, 1937), where a
temperature gradient of 59 Fahrenheit degrees was found between

the surface and the bottom,

The transparency and color of the water in Cedar Lake
also supports the notion that this lake is eutrophic. The

depth of transparency of the water did not exceed L.5 ft. and
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generally ranged around 2 ft, The color of the water was light
brown in the early summer and as the summer progressed the color
of the water changed to a dull green, apparently due to algal

blooms,

Cedar Lake derives the majority of its suspended
materials from the North and South Saskstchewan Rivers. An
idea of the amount of suspended materisls entering the lake
can be taken from Reed (1962), who found that the South Sas-
katchewan,river contained 1,300 mg/l. of suspended materials
at Saskatoon, Saskatchewan, and from this it can be estimated
thaet an average of 8,350 tons of suspended materiasls pass that
point every 2l hrs, To this is added the undetermined load
being transported by the North Saskatchewan and by the tribu-
taries of the main Saskatchewan river below the junction of

these branches.

The transparency of many other shallow eutrophic
lakes compares closely to that found in Cedar Lake., Lawler
(1958) found a range of 3.5 to 7.5 ft. for Heming Lake and
Pearcy (1953) in his work on Cle ar Lake, Towa, found a transp-
arency of 4.8 ft, on the average, with a general decrease in

light penetration in late summer ss the trasparency dropped to

3 ft.

Continuously high levels of dissolved oxygen are
common in shallow, wind-swept lakes which are in more or less

continual circulation throughout the summer, Since there was



continual circulation in Cedar Lake during the summer, hypoxial
conditions did not develop. The concentratlion of dissolved
oxygen was continuously high during this study, the lowest
value being 78.lL per cent of air-saturation. The percentage
air-saturation ranged arocund 90 per cent during mid-summer,
Some 'supersaturation'! occureed during the study and the high-
est value of dissolved oxygen obtained was 11.7 per cent of
air-saturation and i1s the result of the production of oxygen
by photosynthetic activity. Values of percentege saturation
such ss these are common in other eutrophic lakes, for example
Clear Leke Iowa, Pearcy (1953), where the percentege of air-
saturation ranged from 67 to 116. The concentration of oxygen
in Heming Leke was found to remain near air-saturation through-

out the summer, (Lawler, 1958),

Eutropnic lakes generally have relatively high levels
of electrolytes in solution. The quantity of electrolytes
present in Cedar Lake can be seen in the total alkalinity and

the total dissolved solids,

The concentration of bicarbonste ion prassent in the

water in Cedar Lake (up to 73 prom) is somewhat Llower than that

found by Reed (1962) in either the North or the South Saskstchewsn

rivers, The range of bilcarbonate ion for the South Saskatchewan
was from %92 to 250 ppm while in the north Saskatchewan the range

was from 90 to 350 pom. A possible ex lesnation for thig drop

relative to the smcunt of oxygen dissolved by oqullw

1/ 'Supersaturation' means the quantity of dissolved % syl
ration
of the water with the atmosphere at the given temperature



in the level of bicarbonaste in Cedar Lake 1g that insoluble

compounds especially calcium cesrbonate have formed preclpltates.

This range of concentrations of bicarbonate ion 1is
typical of eutrophic lakes., fHggleton (1952) in his work on
Douglas Lake found a bicarbonste range from 125 to 132 ppm,
These values and the values obtained in the present study for
bicarbonate are several times greater than those found for

Cowichan Leke (Carl, 1953) an oligotrophic lake, where the

bicarbonate range was only 18 to 22 ppm,

The total quantity of dissolved solids present in the
water during the study ranged from 230 to 310 ppm. These values
compare closely with the quantities that Reed (1962) found in
the North and South Saskatchewan rivers, which were from 158
to 1163 pom and from 128 to LO0 ppm respectively. The varistions
found by Reed were apparently seasonal phenomena with the lower
values recorded in summer and the higher values in winter. No

explanation is advanced to e xzplain these fluctuations,

IT. Bottom Fauna Studies
(i) Factors Affecting the Distribution of Bottom Animals

It was indicated previously that there are both
guantitative and qualitastive differences in the distribution
of the macroscopic bottom fauna of Cedar Leke, The possible
extent to which a number of factors, such as depth, wave action,

type of bottom, temperature, transparency, dissolved oxygen,



alkalinity and season could affect the distribution of vottom

orgenisms is considered in the following discussion.

(2) Depth

There 1s an apparent correlation between deptn and
the numbers of both geners and individuals. As the depthn
increased, so did the numbers of genera, as shown in Figure 7.
The 5 ft. contour possesced the smallest number of genera as it
had an svevrage of 16 genera per sampling period. The 30 ft.
contour by contrast, had an average of 23 genera per sampling
period. duttkowski (1918) =nd Baker (1918) found in Lake lendota
and Lake Oneida respectively, that the number of species in the
benthos was greatest in shallow water of the littoral zone and
declined with increasing depth. Since the animals in this
study were not identified to the level of specles, comparison
of numbers of species 1s not possible., These investigators

further found progressive increases in the numbers of individuals

ponds with the findings presented for Cedar Lake. Such increasses

are common pnenomens in lakes, such as Leke Simcoe, (Rawson, 1930),

Leke Mendota (Muttkowski, 1918), Douglas Lake (Eggleton, 1952),
Lake Nipigon (Adamstone, 192l1) and Shakespeare Island Lake

(Cronk, 1932).

It is doubtful that such distribution in Ceder Lake
is related to depth directly. More probably this distribution

is related to other factors such as differential wave-acition
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and differences in the type or quality of the bottom at various
depths, There are instances in which the number of individuals
per unit area declines again beyond a certain depth as in Lake
Simcoe (Rawson, 1930), Great Slave Lake (Rawson, 1953) and
Third Sister Lake (Eggleton, 1931). This is perhaps due to
lower temperatures of the water and reduced fertility in the

profundal region,

(b) Wave Action

The probasble effect of the action of waves on the
distribution and abundance of benthos is demonstrated by the
fact thet during the study the number of organisms found at
a depth of 5 ft. was approximately 30 per cent of the number
found at 10 ft, and 12 per cent of that found at 30 ft. Wave
action appears to be important in determining the distribution
of benthic animals near shore and the relative paucity of snimals

at the 5 ft., depth is evidence that this is true.

There are no quantitative measures of the degree of
"severity of wave sction in Cedar Lake., However, there is some
indirect evidence to be seen in the length of time required to
carry out one series of samplings. The minimum time required
was two days. This was only achieved once during the six
sampling periods. Four of the remaining five periods regquired
from six to eight days (vide Table I), for completion of the

direct result of severe wave action which prevented use of the
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sampling eQuipment. The barerock substrate generally dis-
tributed inside the 5 ft. contour is further evidence of wave

action,

(c) Bottom Characteristics

Since most forms were found on or in more thén one
type of bottom material, it is difficult to say then just how
extensively the type of bottom material controls the distribution
of the benthos. Mud appeared to be the most suliteble habitat
for most bottom animals in Cedar Lake since that type of material
regularly contained the largest numbers of individuals and
genera., The absence of wave-action at these depths probably
contributed in an accessory manner to the relative suitability
of this substrate. None of the various types of organisms
collected during the study was restricted to only one of the
five types of bottom, However, the larva of the alderfly,
Sialis sp. was found in those areas having a rocky bottom,
‘whether it was bed-rock or gravel, but at no time was it found
in mud or sandy mud. Even in those animals which were found on
most or all of the types of bottom there were different degrees
of success, quantitatively measured, which probably cen be re-
lated to specific types of bottom. Examples of this include
Gammarus sp. which was always more sbundant in sandy mud than

in pure mud or any of the dipterid larvae which were always more
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common in mud than in rock or gravel. Other examples are found
in the mayfly naiads, such as Hexagenia sp., which was more pre-
valent in mud than in gravel while, in turn, Caenis sp. and

Stenonema sp, were both more abundant in gravel than in pure mud.

(d) Temperature

Temperature 1s most probably not of any significance
in determining the distribution and abundance of benthic an-
imels in shallow, non-stratified lakes such as Cedar Lake since
the greatest variation in the temperature of the bottom among
the 20 stations was six Fahrenhelt degrees and usually the var-

iation was only three or four Pahrenheit degreses.

It can be seen from the results (Figure 9a and 9b),
that there is no correlation between the rise in water temper-
ature during the summer and the peak abundance of the bottom
organisms at the various depths. Although peak abundance of
organisms for the 20 and the 30 it. contours occured at the
seme sampling period, they differed from the peak sbundance
for the 5 and 10 ft. contours, and the la tter in turn varied

from that for the 5§ ft. contour.

(e) Transparency

by a Secchi disc, was qguite shallow, (2 ft.) it is doubtful

that light had any significant influence on the distribution
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Figure 9a

The dry weight of bottom organisms plotted against the water
temperature at a depth of five feet, during the six sampling
periods.

I'igure 9b

The dry weight of bottom organisms plotted against the water
temperature at a depth of thirty feet, during the six sampling
periods.
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of bottom fauna at depths of 10 ft. or more, However, it might
have had some influence on such distributions in the more
ghsllow water and this perhaps also partly explains the relative

scorcity of animals at the 5 ft, level,

(£f) Dissolved Oxygen

Dissolved oxygen is most probably not a limiting
fector affecting the distribution or abundance of bottom animels
in Cedar Lake. The percentage of air-saturation did not fall
below 78 per cent during any part of the study. The greatest
variation in the level of dissolved oxygen between a depth of
C ft. and a depth of 30 ft. throughout the study was 1.8 ppm
(10.L ppm - 8.6 ppm)., This difference is probebly of a random
nature and is not considered to be sufficient to influence

critically the distribution of these animals,

(g) Alkalinity

The presence of carbonate or bicarbonate ions in lakes
apparently has very little effect on the distribution of most
bottom organisms except possibly the molluscs (Pennak, 1953),
Since large numbers of sphaerids and gastropods were evenly
distributed at all depths on the bottom of the main basin and a
generslly high concentration of bicarbonate ion (55 to 73 ppm)
was present, it cen be assumed that the small variations in the
2lkalinity have no effect on the distribution of these bottom

animals in Cedar Lake.
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(h) Seasonal Effects

Eggleton (1931) in his study on Third Sister Lake,
Michigan, found the major seasonsl changes in the profundal
bottom fauna to have a distinet midsummer minimum end a mid-
winter maximum. This appesrs to be the only recorded investi-
zation to date in which the seasonal abundsnce of benthos has
been studied. Since this study took place only during the
summer, it is not possible to determine from these dsta whether
or not there are fluctuations in the numbers snd in the dis-
tribution of the bottom fauns from one season to o other,
especially between summer and winter. During the gtudy there
was only a small amount of intraseasonal variation as the maximum
number of orgenisms collected during the sampling periods was
only 1.5 per cent greater than the minimum number found. The
total number of individuals present showed 2 maximum abundance
during the second sampling period (June 29 to July 7) and then

this number declined gradually towards the end of summer.

(1i) Productivity

Estimates of production of benthos can be made from
the average number of individual orgenisms present in a spec-
ified area., However, this method is not especlally satisfactory
for measuring the production of biomass since there are consid-
erable differences in the weights of these organisms. The wet
wet weights of the various organisms can be taken as an estimate

of the biomass present, but here again a rather large error is
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introduced, since a large but variable proportion of the weignt
of these animals is water, averaging 85 per cent in this study.
A more precise means of deriving an estimate of production is
that of determining the average dry weight of animals present

per unit area,

In the cslculation of the benthic production of the
main basin of Cedsr Lake, different methods produced variations
in results. Three methods were examined in the determination of
this production., The first method was the sum of the average
number of pounds per acre for each dépth zone divided by the
number of zones. The second method was To sum all the dry weights
found at 21l depths, end from this, to calculste a grsnd average
of the pounds per zcre of the dry weight of bilomass. BHoth
methods gave an average of 16 1lbs/acre. The third method was to
sum the products of the biomess per unit ares and the total area
for each of the four depth zones (i.e. 0 to 5 ft., 5 to 10 ft.,
10 to 20 ft. and 20 to 30 ft. plus) and dividing this sum by the
total area of the main bagin. This method provided a total of
3,263,102 1bs, of dry weight of benthic biomass for the main basin,
which when divided by the total arez of the basin, (147,109 acres)
gave an average crop of 22 1bs/acre. This value is approx-
imately 15 per cent of the average crop determined for the wet
weights of the orgsnisms which is 148 1lbs/ecre., This is consid-
ered to be = more appropriate method than the two previously
described for determining the quantity of benthos since 1t takes

into account, relatively more precisely, the szbundance of
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animaels in each of the several zones of depth.

The determination of such production by means of the
first two methods makes the bssic assumption that all of the
various depth zones are of equal size, However, this situation
did not exist in the main basin of Cedar Lake., This is suggested
as the reason for the difference of 6 1bs. in the values, obt-
ained by the first two methods on the one hend, and the value
obtained by the third method on the other., Thus a statement of
the average quantity of biomass, based only on the total area of
the basin, does not give a true plicture of the amount of benthos

present, since the incresse in density of these animals, with

increasing depth, is so pronounced.

The stending crop in Ceder Lake present during the

various sampling periods wes generally uniform during the study,

xéept for periods IV and V, 28 shown in Figure 10. The decline
in the quantity of biomass between sampling periods III and IV
may be due to the emergence of certain insects such as the
dipterids and ephemeropterids. The reason for the increase of
almost 100 per cent in the nounds par acre of benthic animals
from sampling periods IV to V is not clear, One possible expl-
enation for this extreme increase in biomess is simply growth of
The individuals. However, it is doubtful that such growth could
occur in the short span of two to three weeks., Another posgible

explanation is that of a random error in sampling.

D

The general picture of uniformity of the standing crops

[
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Pigure 10

Variations in the standing crop present during the six
sampling periods.
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which regsults from the progressive addition of new snimals
through reproduction and the continuing growth of animsals
already present are sufficlent to keep vsce with the removal of
benthic animals through predation, other forms of mortallity and

the emergence of insects whose adult stege is non-aquatic.

3

he average of the standing crops for the six sampling
periods wes found to be 22 lbs/acre, which is the same value as
was determined for the average dry weight of bottom fsuna for
the main basin., In four of the six estimaﬁes of standing crop
(sampling periods I, II, LI and VI) the velues varied only
slightly about the mean weight (from 20,2 to 23 lbs/acre) es
can been seen in Figure 10, This suggests that a relatively
relisble estimate of the benthic productivity of a lake can

be made from a standing crop determined during the early
portion of the summer, although the determination of such
productivity probably becomes more accurate with an increase

in the number of standing crops determined,

The average dry weight of bottom fauna determined
for the main basin of Cedar Lake, 22 1lbs/acre, indicates a
relatively high level of productivity when compared to the
curve which Rawson (1930) presented for various North American
lakes as shown in Figure 11. From this it is seen that Cedar
Lake is, for example, more productive than Lake Simcoe, Lake
George, Waskesiu Lake and Green Lake., Cedar Lake also compares

closely to certain prairie lakes such as lakes Wakaw, Sturgeon,



Figure 17

The relation between the amounts of bottom faunas and the
product of the depth and area (within limits) of Lakes,
Adapted from Rawson (1930),
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Montreal and Bigstone in central Saskatchewan, where Mendis
(1956) found average values of 22.9, 23.7, 20.L, and 29.9 1lbs/
acre respectively. Rawson (1957) found an average of 23,2
lbs/acre in Little Peter Pond Lake. These authors appear to
have used only the mean values of all samples in their comput-
ations, Cedar Lake which is in circulation throughout the
summer 1s considerably more productive than examples of
eutrophic.lakes which stratify thermally., Rawson (1930) in
his study of Lake Simcoe found an average of 11 lbs/acre and
Rawson and Atton, (1953) in their study on Lac La Ronge found
an average of 13 lbs/acre. A distinct difference in product-
ivity of benthos is noted when Cedar Lake is compared with
typical oligotrophic lakes. Rawson (1947) determined that

the average productivity of Great Slave Lake was 3.l 1bs/acre,
while Ricker (1952) in his study on Cultus Lake found an
average of lL..7 lbs/acre. Thus the high production of benthie
fauna in the main basin of Cedar Lake is quite in keeping with

the notion that Cedar Lake is a eutrophic lake in all respects.



SUMMARY

1. Cedar Lake can be described ag o eutrophic lake
as 1t possesses the necessary physical and chemical parameters

for such a lake,

2. The major factors influencing the distribution
and sbundance of bottom animals in Cedar Lake are wave action
in shallow waters and the type of bottom material present,
Depth of water is indirectly involved bzcause of its control
over wave action and bottom type. Other varisbles such as
temperature, oxygen, transparency, alkalinity and season
could not be shown to affect the distribution of organisms

within the main nasin,

3. There is a general increase in both the number
of individuals and the number of genera with increasing depth

during any sampling period.

L. The average dry welght of bottom fauna determined
for the main basin of Ceder Lake was 22 lbs/acre. The tobtal
dry weight of biomass estimeted for the main basin of Cedar

Lake was 3,263,102 1bs,

5. The standing crop 1s an estimate of the welght of
benthic fauna vpresent at any one time, An average of a number
of standing crops gives a relisble eetimate of the average

amount of bottom fauna present in Cedar Leke,
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Appendix T

Taxonom

The classification of benthic organisms used here follows tnat
in Pennak (1953),
Class Nematoda
Order Enoplida
Family Dorylaimidae
Genus Dorylaimus
Class Oligochaeta
Order Plesiopora
Family Tubificidae
Genus Limnodrilus
Clags Hirudines
Order Rhynchobdellida
Family Glossiphoniidae
Genera Glossiphonia
Helobdella
Class Crustacea
Order Conchostraca
Family Caenestheriella
Gerg Caenestheriella
Order Podocopa
Family Cypridae
Genus Cypriconcha
Order Amphipoda
Family Gammeridae

Genus Gammarus



Appendix I (continued)

Clsss Crustaces (continued)
Order Decapoda
Family Astacidee
Genus Orconectes
Cless Insecta
Order Lphemeroptera
Family bphemeridae
Genera Hexaéenia
Bphemera
Family BRaetidae
Genus Caenis
Family Heptagenidae
Gernus Stenonéma
Order Hemiptera
Family Corixidae
Genus Trichocorixa
Order Megalbptera
Family‘Sialidae
“Genus Sialis
Order Trichoptera
Family Helicopsychidae
Genus Helicopsyche
Family Molamni@ae
Genus Molanné
Family Psychomyiidae

Genus Polycentropus

A



Appendix I (continued)

Class Insecta (continued)
Order Trichoptera (continued)
Family Hydroptilidae
Genera Agraylea
Oxyethira
Family Leptoceridae
Genus Athripsodes
Family Rhyacophilidae
Genus Rhyecophila
Order Diptera
Family Tendipedidae
Genera Procladius
Coelotanypus
Tendipedes
Cryptochironomus
Phaenopsectra
Hernischia
Family Ceratopogonidae
Genus sesecsoesss
Class Gastropoda
Order Puimonata
Family Physidae
Genus Physa
Family Planorbidae
Genera Promenetus

Gyraulus



Appendix I (continued)

Class Gastropoda (continued)
Order Pulmonata (continued)
Family Lymnaeidae
Genus Lymneea
Order Ctenobranchiéta
Family Valvatidae
Genus Valvata
Family Amnicolidae
Genug Amnicola
Class Pelecypoda
Order Heterodonta
Family Sphaeriidae
Genera Sphaerium
Pisidium
Order Eulamellibranchia
Family Unionidae

Genus Lampsilis



Appendix 11

The numbers and geners of benthic snimals collected at each
sample station during the six sampling periods.

sample Station Sample Period Dates
1A

9Qrganisms /6 29/6 18/7 30/7 1L./8 31/8

Class Nematoda
Order Enoplida
Genus Dorylaimus 1

Class Crustacea
Order Amphipoda
Genus Gammarus 1

Class Insecta
Order LEphemeropters

Genus Lphemera 1
Order Hemiptera

Genmus Trichocorixa 1
Order Trichoptera

Genus Oxyethira 1

Class Gastropoda
Order Pulmonata
Genera Gyraulus 2
Promenetus 6
Order Ctenobranchiata
Genera Valvata 2
Amnicola (i 3111

Class Pelecypoda
Order Heterodonta
Genus Sphaerium 2 2 1 13

Number of Genera T 0 0 1 I 6

Number of Organisms 18 0 0 2 6 135



Appendix I1 (continued)

Sample Station Sample Period Dates
18
Orpanisms /6 29/6 18/7 30/7 1./8 31/8

Class Crustacea
Order Amphipods
Genug Gammarus 3

Class Insecta
Order Hphemeroptera
Genera Lphemera
Caenis
Hexagenia
Stenonema 1
Order Trichoptera
Genera Polycentropus 2
Helicopsyche 1
Order Hemiptera
Genus Trichocorixa 1
Order Diptera
Genera Coelotanypus [
Procladius L
Cryptochironomus 1
Phaenopsectra 3

RN e

Class Gastropoda
Order Pulmonata
Genus Physa [
Order Ctenobranchiata
Genera Amnicola 12 26 18
Valvata 1

Class Pelecypoda
Geners *pheerium 1
Pigidium
Order Eulamellibrsnchia
Genus Loampsilis 1 [

[ASIRAS;
N

Number of Genera 9 N 7 1 2

Y

Number of Orgenisms 38

O~
~
—
N

36



Appendix II (continued)

sample Station Sample Period Dates
1C
Organisnms /6 29/6 18/7 30/7 20/8 131/8

Class Nematoda
Order Enoplida
Genus Dorylaimus 6 3 1

Class Oligochaeta
Order Plesiopora
Genus Limnodrilus 1 L 5 2

GClass Crustacea
Order Conchostraca

Genus Caenestheriella 13 5 3 5 5 10
Crder Podocopa
Genus Cypriconcha 89 12
Order Amphipoda
Genus Gammarus 12 ( 1 8
Class Insecta
Order Lphemeroptera
Genus Hexagenia T 133 72 63 63 73
Order Hemloptera
Genus Trichocorixa 1
Order Trichoptera
Genera Agraylea 7 2 18 9 15 2
Oxyethira 2 1
Ehyacophlia ( 2 2
Order Diptera
Genera Procladius 51 36 28 Q 1
Cryptochironomus 8 3
Phaenopsectra 1 8 2
Harnischisa 7
Coelotanypus 2 I 2
Tendipedes 5 3 2 1
Ceratopogonidae 2 1
Class CGastropoda
Order Pulmonata
Germuis Gyraulus 12 17 2
Order Ctenobrancnista
Gerus Amnicolsa 99 137 Sl 132 136 116
Class Pelecypoda
Order Heterodonta
fenera Sphaerium 63 56 17 28 Lo 5
' Pisidium 30 53 L5 33 L6 3l
Number of Genera s T6 16 15 5 5]
Number of Orgsnisms L65 L7526l 298 310 211



Appendix IT

(continued)

Sample Station
1D
Organiams

Sample Period Dates

1/6

3/7 18/1

IL/8 20/8 31/8

Class Nematoda
Order Enoplida
Genus Dorylaimus

Clags Oligochaeta
Order Plesiopora
Genus Limnodrilus

Clasgs Crustacesn
Order Conchostracs
Genus Caenestheriellsa
Order Podocopa
Genus Cypriconcha
Order Amphipoda
Genus Gammarus

Glass Hirudinea
Order Rhynchobdellida
Genus Helobdells

Class Insecta
Order Ephemeroptera
Order Diptera
Genera Procladius
Cryptochironomus
Coelotanypus
Harnischia
Phaenopsectra
Tendipedes
Ceratopogonidae
Order Trichoptera
Genera Agrayles
Rhyacophilus
Oxyetinirs

Class Gastropoda
Order Pulmonata
Genera Gyraulus
Lymnaes
Order Ctenobranchiata
Genera Amnicola
Valvata
Class Pelecypoda
Order Heterodonta
Genera Sphaerium
Pisgidium

Number of Genera
Number of Organilsms

6 22
516 1118
5

@3]
@8]

=
N
-
=o

N

o

RS
oo O

(S
N

28
611

(O8]

17

N

[)®]
=IO WUt

T

10 21

131

o

2l
12
11

117
21

69
96

L9
L6

1 Tl
7@% 101%



Appendix IT (continued)

Sample Station
2A

Organisms 19/6 _3/7 19/1

Sample Period Dates

1/8 17/8 30/8

Class Crustacea
Order Amphipoda
Genus Gammarus 1

Clagss Insecta
Order Lphemeroptera
Genus Caenis 2l

Order Diptera
Genera Cryptochironomus
Procladius 3 1

Order Trichoptera
Genus Agraylea

Class Gastropoda
Order Pulmonata Genus Lymnsesa
Genus Lymnaea 7

Order Citenobranchiata
Genera Valvata
Amnicola 10 1

Class Pelecypoda
Order Heterodonta
Genug Pigidium e

N

3N

U

v
-3

Number of Genera 16 33

Number of Genera Ly L



Appendix II (continued)

Sample Station
28
Orcanisms

19 /6

/1 19/

Sample Period Dates

1/8 11/8 30/8

Clasg Crustacea
Order Conchostraca
Genus Caenestheriella

Order Amphipoda
Gerus Gammarus

Order Decapoda
Genug Orconectes

Class Insecta
Order Lphemeroptera
Genus Stenonema

Order Hemiptera
Gernus Trichocorixa

Order Trichoptera
Genera Polycentropus
Agraylea
Helicopsyche
Oxyethira

Class Gastropoda
Order Ctenobranchiata
Genus Amnicola

Class Pelecypoda
Order Heterodonta
Genus Sphaerium

Number of Genera

Number of Organisms

0

0

o

—s —=

(N




Appendix I1

(continued)

Sample Station
2GC
Organisms

Sample Period Dates

19/6  L/7 19/7

1/8 17/8 30/8

Class Crustacea
Order Amphipoda
Genus Gammarus

Order Decapoda
Genus Orconectes

Class Insecta
Order Ephemperoptera
Genus Stenonema

Order Hemiptera
Genus Trichocorixa

Order Diptera
Genera Procladius
Tendipedes

Order Trichoptera
Genera Polycentropus
Athripsodes

Class Gastropoda
Order Pulmonatsa
Genus Lymnaea

Class Pelecypoda
Order Heterodonta
Genera Sphaerium

Pisidium

Number of Genera

Number of Organisms

12
2 7
1
2
3
1
1
1
3
2
0T 2T 1T 17672
0 8 1 2 7T 5



Appendix IT (continued)

Sample Station Sample Period Dates
2D

Organisms 19/6  L/7 19/7 1/8 17/8 30/8

Class Nematoda
Order Enoplida
Genus Dorylaimus 1 n 6

Class Oligochaeta
Order Plesiopora
Genus Limnodrilus 1 25 18 6 7 i

Class Hirudinea
Order Rhynchobdellida
Genus Helobdella 1 i

Class Crustacea
Order Conchosgraca

Genus Caenestheriella 1 15 7 1 8 5
Order Podocopa

Genus Cypriconcha L 96 17
Order Amphipoda ' ‘

Genus Gammarus 1

Class Insecta
Order Ephemeroptera

Genus Hexagenia 2 1 1 8
Order Hemiptera
Genus Trichocorixa 1 1
Order Diptera
Genera Tendipedes 111 62 Ly 6 129 119
Coelotanypus 1 Ly
Procladius 9 35 192 7 22
Cryptochironomus 8 5 1 10 21
Harnischia 2 1 n 8 19
Phaenopsectra 16 23 9 2
Family Ceratopogonidae 2
Order Trichoptera
Genera Agraylea 6 2 2 6
Oxyethira 2

Class Gastropoda
Order Pulmonata

Genera Lymnhaea 1 1
Gyraulus 57 7 L
Order Ctenobranchiata
Genera Amnicola 80 85 L6 3 121
Valvata 6 21 19 12 7 Lo

Class Pelecypoda
Order Heterodonta

Genera Sphaerium 32 73 63 26 37 35
Pisidium 22 3 Lo 30 2. 50
Number of Genera 11 18 17 12 (I 16

Number of Organisms 196 549 188 278 293 U457



Apvendix II (continued)

Sample Station ' Sample Period Dates
3A
Organisms 19/6  L/7 19/7 1/8 17/8 30/8

Class Hirudinea
Order Rhynchobdellida
Genus Glossiphonia 2

Cless Crustacea
Order Amphipoda
Genus Gammarus 1 1

Class Insecta
Order Ephemeroptera
Genus Stenonema 1

Order Megaloptera
Genus Sialis 1

Order Diptersa
Genera Procladius 1 2
Coelotanypus 2

Order Trichoptera
Genera Helicopsyche 1
Molanna 1
Oxyethira 2
Polycentropus 8

Class Gastropoda
Order Pulmonata

Genus Physa 1
Order Ctenobranchiata
Genera Amnicola 22 6 15 27 5

Valvata : 1

Class Pelecypoda
Order Heterodonta

Genera Sphaerium 1
Pisidium 2
Number of Genera 4 3 3 1 6 3

Number of Organisms 6 25 9 15 3l an



Appendix II (continued)

Sample Station
3B

Organisms

19/6  L/7 19/7

Sample Period Dates

1/8 17/8 30/8

Class Oligochaeta
Order Plesiopora
Genus Limnodrilus

Class Crustacesn
Order Amphipoda
Genus Gammarus

Class Insecta
Order Ephemeroptera
Genera Caenis
Stenonema
Hexagenia
Order Hemiptera
Genus Trichocorixa
Order Diptera
Genus Procladius
Order Trichoptera
Genera Polycentropus
Helicopsyche
Agraylea
Athripsodes

Class Gastropoda
Order Pulmonata
Genus Gyraulus
Order Ctenobranchiata
Genera Amnicolsa
Valvata

Class Pelecypoda
- Order Heterodonta
Genera Sphaerium

Number of Genera

Number of Organisms

1
1
1
2 2
1
1
2 2
2 L 2
1
3
2
2 1
5 22 ' ( 1
2 1
3 3 2 1
6 6 6 L 6
n 32 15 8



Appendix IT (continued)

Sample Station Sample Periocd Dates
3C
Organisms 19/6  W/7 19/7 _1/8 117/8

30/8

Class Nematoda
Order Enoplida
Genus Dorylaimus 2

Class Crustaces
Order Conchostraca
Genus Caenestheriella 1 7 n
Order Amphipoda
Gen us Gammarus 99 201 7 87
Order Decapoda
Genus Orconectes 1

Class Insecta
Order Ephemeroptera
Genus Hexagenia 73 99 59 78 37
Order Megaloptera
Genus Sialis
Order Diptersa
Genera Procladius
Tendipedes
Harnischia
Phaenopsectra
Coelotanypus
Cryptochironomus
Order Trichoptera
Genera Agraylea
Rhyacophila
Oxyethira

—

22 12

=N NO D
W ==
o
N WO
- s

N
N —>
.\

Class Gastropoda
Order Pulmonata
Genera Gyrauvlus 7 7 1
Lymnaea 1
Order Ctenobranchiata
Genera Amnicola 122 73 72 110 26
Valvata 11 1 1 :

Class Pelecypoda
Order Heterodonta
Genera Sphaerium 269 133 103 56 52
Pisidium 1
Order Eulamellibranchia
Genus Lampsilis 1

62

62

L3

131

Number of Genera 11 i 12 1L 8

Number of Organisms 506 L72 66 285 21

—

307



Appendix II (continued)

sample Station Sample Period Dates
3D
Organisms 19/6  L/7 19/7 1/8 17/8 30/8
Class Oligochaeta
Order Plesiopora
Genus Limnodrilus 2 1 2 1
Class Crustacea
Order Conchostraca
Genus Caenestheriella g 2 26 9 13 9
Order Podocopa
Genus Cypriconchsa 28
Order Amphipoda
Genus Gammarus 26 13 12 L 2
Class Insecta
Order Ephemeroptera
Genus Hexagenia 138 101 95 29 78 L3
Order Diptera
Genera Cryptochironomus 1 1 {
Procladius i 5 3 9 1 in
Harnischia 1 [
Tendipedes 3 3
Coelotanypus 1 3 2
Order Trichoptera
Genera Agraylea 66 10 5 2
Oxyethira 5 3 1 2
Rhyacophila [ 1
Class Gastropoda
Order Pulmonata
Genera Physa 1
Gyraulus 2 1
Lymnaea 1 1
Order Ctenobranchiata
Genera Amnicola 68 104, 114 52 97 L9
Valvata 5 2 6 6 5
Cla. ss Pelecypoda
Order Heterodonta
Genera Sphaerium 53 28 Sl i 29 13
Pisidium 2l 2 17 12 16 Iy
Number of Genera 15 (I 13 10 K 13
Number of Organisms haly 277 336 138 247 136



Appendix II {continued)

Sample Station
LA

Organigms

Sample Period Dates

15/6 29/6 20/7 /8 1L./8 30/8

Class Oligochaeta
Order Plesiopora
Genus Limnodrilus

Class Hirudinea
Order Rhynchobdellida
Genus Helobdella

Class Crustaces
Order (Conchostraca
Genus Caenestheriella

Class Insecta
Order Ephemeroptera
Genera Hexagenia
Ephemera
Caenis
Order Hemiptera
Genus Trichocorixa
Order Megaloptera
Genus Sialis
Order Diptera
Genera Cryptochironomus
Procladius
Phoenopsectra
Order Trichoptera
Genera Helicopsyche
Molanna
Agraylea
Polycentropus

Ch ss Gastropoda
Order Pulmonata
Genera Physa
Gyraulus
Order Ctenobranchiata
Genera Amnicola
Valvata

Class Pelecypoda
Order Heterodonta
Genera Sphaerium
Pisidium
Order BEulamellibranchia
Genus Lampsillis

Number of Genera

Number of Organisms

1 2
1
1 2
713 27
7
2 1
2 1 1
3
2 3
1 2
2
1 7 1 1
2 1
1 1

Y
—

9 58 125 101 1
5 2
310 107 15k
2 3 3
2
0 T 712 T2 7% 5
0 16 109 260 309



Appendix IX

(continued)

Sample Station
LB
Organisms

Sample Pericd Dates

15/6 29/6 20/7 L/8 1./8 30/8

Class Nematods
Order Enoplida
Genus Dorylaimus

Class Oligochaeta
Order Plesiopora
Genus Limnodrilus

Class Crustacea
Order Conchostraca
Genus Caenestheriella
Order Podocopa
Genus Cypriconcha
Order Amphipoda
Genus Gammarus

Class Insecta
Order Ephemeroptera
Genera Hexagenisa
Ephemera
Order Hemiptera
Genus Trichocorizxa
Order Megalopltera
Genus Sialis
Order Trichoptera
Genera Agraylea
Oxyethira
Order Diptera
Genera Procladius
Coelotanypus
Tendipedes
Cryptochironomus
Harnischia
Phaenopsectra
Ceratopogonidae

Clags Gastropods
Order Pulmonata
Genera Gyraulus
Lymnaea
Order Ctenobranchiata
Genera Valvata
Amnicola

Class Pelecypoda
Order Heterodonta
Genera Sphaerium
Pisidium

Number of Geners
Number of Orgsnisms

1
g 6 310 10
1 2
3
1 2 13
10 1y 21 2l 15 7
1
1 1
1 5 3
2 I 1 5 10
1
9 L 23 o 3
8 2 1 2
21 9 2 6 5 1
in 2 1
1 3 3
oy Ll'
Z
1 12 2 2
1
1
28 1l 145 107 234 78
122 116 101 107 125 88
16 23 8 36 18
1 9 1 1 1
233 16l sl orh b 12



Appendix IT (continued)

Semple Station Sample Period Dates
LG
Organisms 21/6 /7 20/7 1/8 19/8 30/8

Class Nematods
Order Enoplida
Genus Dorylaimus 1

Class Oligochaeta
Order Plesiopora
Genus Limnodrilus 2 7 3 g 1

Class Crustaces
Order Conchostraca

Genus Caenestheriella 2 i I 1 2 2
Order Amphipoda
Genus Gammarus 1 2 35

Class Insecta
Order Ephemeroptera

Genera Stenonema 1
Hexagenia 72 111 72 55 3. 60
Order Diptera
Genera Tendipedes 1 1 2
Cryptochironomus 1 3 [
Procladius 5 2l 16 7 2
Coelotanypus 1 3
Harnischia 2
Pamily Ceratopogonidae 1
Order Trichoptera
Genera Agraylea 1 8 Iy 3 2 6
Oxyethirsa 3

Cl ss Gastopoda
Order Pulmonata

Genera Lymnaes 1
Gyraulus 8 1 1
Order Ctenobranchiata
Genera Amnicola 6L, 13L 178 13L 128 167
Valvata 1 1
Class Pelecypoda
Order Bulamellibranchia
Genus Lampsilis 1
Order Heterodonta
Genera Sphaerium 12 62 50 L1 26 111
Pigidium I 31 L6 25 30 15
Number of Genersa 12 12 10 9 11 15

NMumber of Organisms 165 390 379 270 236 358



Appendix ITI (continued)

Sample Station Sample Period Dates
LD
Organisms 21/6 L/7 20/7 1/8 17/8 30/8

Class Oligochaeta
Order Plesiopora
Genus Limnodrilus I 3 2 5 1 Ly

Cla. ss Crustgcea
Order Conchostracsa

Genus Caenestheriella 7 6 1 10 gn 7
Order Amphipoda
Genus Gammarus 3 62 1 18

Cla ss Insecta
Order Ephemeropters

Genera Stenonema 1 1 2
Hexagenia 119 91 62 38 51 51
Order Diptera
Genera Cryptochironomus 2 1 2
Phaenopsectra 2 2 L 1
Procladius L 16 27 L
Coelotanypus L 1
Tendipedes 5 3 3
Family Ceratopogonidae 1 1
Order Trichoptera
Genera Agraylea 2 1 3 5 1 3
Rhyacophila i 9
Oxyethira 3

Class Gastropcda
Order Pulmonata

Geners Lymnaea 1 1 [
Gyraulus 8 2 14
Order Ctencbranchiata
Genera Amnicola 56 91 b6 339 155 85
Valvata 7 6 2 1h 7 3

Cla ss Pelecypoda
Order Heterodonta

Genera Sphaerium T i 11 36 21 13
Pigidium 16 2l 8 19 37 7
Number of Genera 13 16 13 16 12 12

Number of Organisms 169 293 171 554 291 198



Appendix II (continued)

Sample Stat on

SA

Organisms

Sample Period Dates

18/6 29/6 18/7 L/8 1../8 31/8

Class Oligochaeta
Order Plesiopora
Genus Limnodrilus

Class Hirudinea
Order Rhynchobdellida
Genus Glossiphonia

Class Crustacea
Order Conchostraca
Genus Caenestheriella
Order Amphipoda
Genus Gammarus
Order Decapoda
Genus Orconectes

Class Insecta
Order Ephemeroptera
Genus Hexagins
Ephemera
Order Hemiptera
Genus Trichocorixa
Order Diptera
Genera Procladius
Cryptochironomus
Tendipedes
Order Trichoptera
Genera Polycentropus
Helicopsyche

Class Gastropoda
Order Pulmonata
Genus Gyraulus
Order GCtenobranchiata
Genus Amnicols

Cla ss Pelecypoda
Order Eulamellibranchia
Genus Lampsilis
Order Heterodonta
Genera Sphaerium
Pis idium

Nurb er of Genera

Number of Organisms

3 3 2
1
1
10 10 n
1
6 16 3
1 1
1
3 1 2
9
1
1
(
1
L 5 10 9
(
I 11 1 3 11 62
i 2 Iy
5 9 1 In 8 70
11 52 1710 5L 89



Appendix II (continued)

Sample Station
5B
Organisms

18/6 29/6 18/7 L/8 1./8

Sample Period Dates

31/8

Class Nematoda
Order Enoplida
Genus Dorylaimus

Clagss Olicochseta
Order Plesiopora
Genus Limnodrilus

Class Crustacea
Order Amphipoda
Genus Gammarus
Order Decapoda
Genus Orconectes

Cla ss Insgecta
Order Hphemeroptera
Genus Hexagenia
Order Hemiptera
Genus Trichocorixa
Order Diptera
Genera Procladius
Cryptochironomus
Tendipedes
Phaencpsectra
Harnischia
Family Ceratopogonidae
Order Trichoptera
Genus Agraylea
Oxyethira

Class Gastropoda
Order Pulmonata
Genus Gryaulus
Order Ctenobranchiats
Genus Amnicola

Class Pelecypoda
Order Heterodonta
Genera Sphaerium
Pisidium
Number of Genersa

Numb er of Organisms

L6

182

-

WUt

52
82

35

327

1

10
10

70

7
25

718 2L 5

231 16l 118 205

—_—
—
- \ 5

PVl w—
-
CO e d

79

100
35 7 9

12

931

6

o7

T T2 9

Lez 1437 259 371



Appendix IT (continued)

Sample Station

5¢C

Organisms

Sample Period Dates

21/6 _7/1.18/7 L4/8 19/8 31/8

Class Nematoda
Order Enoplida
Genus Dorylalimus

Class Oligochaeta
Order Plesiopora
Germus Limnodrilus

Cla ss Hirudinea
Order Rhynchobdellida
Genus Helobdella

$lass Crustaces
Order Conchostraca
Genus Caenestheriella
Order Podocopa
Genus Cypriconcha

Cla ss Insecta
Order Ephemeroptera
Genus Hexagenlsa
Order Diptera
Genera Procladius
Cryptochironomus
Tendipedes .
Harnischia
Phaenopsectra
Coelotanypus
Order Trichoptera
Genera Agraylea
Oxyethira

Class Gastropoda
Order Pulmonsata
Genus Gyraulus
Order Ctenocbranchiata
Genera Amnicola
Valvata

Class Pelecypoda
Order Bulamellibranchia
Genus Lampsilis
Order Heterodonta
Genera Sphaerium

Pisgidium
Number of Genera

Number of Organisms

17 3
Iy ol 27 33 9 18
1 1
2 1 6 2 5
2 5
3 12 2 L. 10 n
8 74 55 8 3 6
1 2 ( 5 3
3 2 3 3
2 5 10 Iy
17 7 3 1
L 5
Iy 1 3 2l 9 26
6 2
1 9 29 1
69 287 215 196 215 177
1 8
1
12 1100 L6 115 76 11
17 81 98 52 60 6
T~ 16 T A5 T AL T 12 T 0
189 713 U481 LS55 413 349



Appendix IT

(continued)

Sample Statlon

5D

Organisms

Sample Period Dates
21/6 /7 18/7 _L/8 11/8 30/8

Class Nematoda
Order Enoplida
Gepus Dorylaimus

Class Oligochaeta
Order Plesiopora
Genus Limnodrilus

Cless Hirudinea
Order Rhynchobdellida
Gernug Helobdella

Class Crustacea
Order Conchostraca
Genus Caenestheriella
Order Amphipoda
Genus Gammarus

Class Insecta
Order Ephemeroptera
Genus Hexagenis
Order Diptera
Genera Tendipedes
Cryptochironomus
Procladius
Coelotanypus
Harnischia
Phaenocpsectra
Order Trichoptera
Genera Agraylea
Oxyethira
Rhyacophila

Clsss Gastropoda
Order Pulmonata
Genera Lymnaea
Gyraulus
Order Ctencbranchiata
Genera Amnicola
Valvata

Class Pelecypoda
Order FEulamellibranchia
Genus Lampsilis
Order Heterodonta
Genera Sphaerium
Pisgidium

Number of Genera

Nurb er of Organisms

3
25 27 2 17 10 20
1
13 24 8 LO 68 33
3l
7 7 28 23 19 2
1 9
i 2 2 9
9 89 1l 17 5 1L
1
8 3
L 29 1
11 1 5 5 L
1 1 3
1
1
8 16 22 1 9
119 151 292 176 158 2i1
26 56 16 22 5L 94
1
L6 92 3 100 33 97
3 125 8l 55 38 111
1 7 12 ~ 12 13 1L
29l 635 528 U481 LO8 oL2





