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An m wmtion of Clear lake, Riding Mountain Park.

By arrangement of the Parics Pranch of the Department of Interior and
the Fish Culture Rrench of the Department of Fisharies the author made & brief '
examination of Cleer lake in the Riding Mountein Perk, in the period May 27-June
12, 1935, The Mnﬁion included observations of the size and nature of the -
lake basin, eertain physical and chemical conditions in the water, the mature
and smounts of plankton and bottom feune pressent end th= various species of figh
in the lske., "nrlier reports on the lake by various persons wers also examined
~with cere, 7

In the following report the verious findings are firat recorded, there
follovs & diseussion of the peneral situntion and finally recommeniations for
a pouiﬁh fish oultural procedure, since this was the resson for the investi-

gation,
The Size an! Nature of the Clear lake imn

Size and Shape,

Clear lake is shown on the scoompanying sketch msp to have an extreme
length of 6.5 miles end & grentest width of 2,5 miles, The main part of the
laike, about two miles by five has its axis in & north west direction while
narror bay extonds sbout two miles to the east, The aroa of the lake 1is 9.5
square miles. It should be noted that the map presented by Pajkov in u-.n-
port of 1932 was inverted, the seale erronsoudly Mutod as 1 mile = 0.5
ineh and the ares referrod to as 22 square miles. Martin in nis report of 1934
gives the area ns "ipmxhto),y eighteen square miles", The area is m
as being of particular importence {n plamaing & fish cultural procedure.

Stnce the luke is of eonsidersble sze snd 1is with 1ts long axis in
the direction of the revailing winds most of the shorcs are exposed and
samewlnt barrem, oven in the marrow bay to the enst. A rough exemination of



~ this shoreline iniieated that about 601 was of coarse gravel ani stones, 301
of sand and 101 with emergent vegetation, ehiefly Scirpus (Mallrush) Mo.l
Most of this vegetation 1s found alons $he morth wrgin of the MOrth west mrt
of Ak lske, The shareline ‘Ls moderstely mimm. its total lemgth being
measured from the map as 19,9 miles, indiesting o shore development of 1.54,
(The degree of irregulsrity of a hh ghore is expressed asp diorc development ,
the ratio of actual shore lanzth to the perireter of a eireles of area equal to
that of the lake), |

Dapth ! :

Soundings wers taken in five seriss scroes the lake during the proocsss
of dredging. Others were taken when setting gill nets and in exploring sress g
not toushed in dvedging, A total of 67 soundinss were takem, all with a tarred
eotton line gradusrted in metres and checked for stretehing. The observations
wers difficult to corralste with the depth contours indicated in Bajkov's mep
of 1932 and drewn "after more than 100 soundings”., The grestest differences
wore in the position of the five metre contour in the north west day, the
feilure to locate emy depth grestor tham 31 medres where Pejkov wt&na 35
and the cbservation of depths up %o 31 motres in the mther marrow neck of the
enst buy, In repions where our dats wers too meagre an attempt was made to
Ancorporate Bajkov's figures. The resulting mep will at lesst serve to indieate
the mein fostures of the lake bot tom. e

The relative areas of the depth zomes indicated on the mep have been
caleulated as follows:



- 5 me zone - 257 20 - 25 m, wone -~ 10%
$«10m " «2 25~ 303, * 10
10-15m * - 16 30 me * 6

15 -20m " =13
It is seen that 75 per cent of the lake is less than 20 metres emd 45 per cent
‘less than 10 metves. Using the semo data the averace depth of the lake has
bean caleulated ae 13,2 metres or 43 feets Pajkov 1932, states that "the
averaze depth was calculsated az 20 Mr-_u" but does not indicate the basis
of the calculation,

The relative volumes of the various depth stzats have beon caleulated
as percentages of the total volume of the lake. mnm&o auum
for the dotermination of mean temperature of the lake,

0= §m strotum - 32% 29 « 25 m. stratus - 8%
5-10m * <25 , 25-30m " -4t
10 = 15 m, " - 18 30 - nme B T L S

Although the lekw is more them X0 metres {n depth it will be seen that only e
small amount (13%) of 1%s volume lles below the 20 m, level, The total volume
of the lake was caleuleted &s 229 milllon gudie metres,

Clear leke ia of similar depth but only ome third the area of Waskefu
lake in the Prince Albert National Park, Saskmtohewan. Since the lakes erve
somevhat similar in their physicel and chemicsal conditions their ecomparative

moasurements might be recorded,



Cleer L., Man, Waskesiu L. Sask.

Area 95 8qs mile 27 8q. mi,
Depth meximum 31 m.(103 f%.) 24 me(79 1)

mean 13.2 me(43 £%.) 11,1 u; (36 £.)
Volune ' 229 x 10° ous me 770 =10 ouy ma
Shore length 17 mi. ' 75 mi,
Shore development 1.5 2.6
Flevation 2016 fe. 1740 %o
Mean Ann, Temp. “about 32.0°C. 32,0,

From this data and from that presented later with respect to temperature
it would seem thet Pajkov's deaignatlon of Clear lake as a "Subalpine” type is
herdly justified. It 1s certainly mot a "typleal preirie lske® but it is quite
gompareble to eertain other lakes in the well wooded part of the Cemsdien zone,
Weskeslu. lake pl;widing an example. '

Drainage and Wator Level,

Claar lake hes & relatively amsll drainage basin of adout 75 square miles
end the inflow of water iato the lake is thorefors rather limited, Of the
five or six streans which enter the lake, thrwe which flow continuously, arise
chiefly from sprinse which are not far from the lake and the remaining streams
depend chiefly om surfuee drainsge having therefore oaly intemmittent flow.
There are also & number of springs visidle along the lake shore mad enptying
directly into it.

The outlet, referred to as “asemin oreek, leads into the Minnedosa river
and thence into the fasinaboine, From 1930 to the time of examination, June 1,
1935, thers had been no outflow an' the level of the lake had dropped by almost
two feet, Tt should Do moted thet a low barricr had been ereotsd mcross the
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mouth of the creek and that the chennel had becowe filled with semds It is
doubtful however if the level was ever sufficiently high in this period to
osuse an outflow even in the absence of thess barriers. It is understood
that during the past summer, 1935, incroased proeipitation resulted in
rise in level sufficient to cause a temporary outflow over the berrier,

Thls situation {s of considerable importance to the fish of the leke,
It hes resulted in the cutting off of South lake which was undoubtodly the
ehief syawning ground of the pike, The weedy shores of the morth west art
of the lake have also been demaged as .puung}ul probably as feeding grounds,
It is posaidble, of uﬁt;u. that in the event of this lower level persisting
long enough the shove flora and fawa will be re-esteblished ot & new level.
It 1s prodably a more serious matter, that theo ehsence of outflow if comtinued
#111 eventually vesu}t 4n en undesirable inerense in the already comsiderabdle
salt content of the vater,

It kas baen peointed out that ey oconsiderable {neresrse tn the level
of the lake mizht ondanger cestoln 1th- which have been male along the
shoraline, mrticularly im the region of the tomsite. In view of thie situation
we could not maintein that thoe lmprovement in blological conditions resulting ‘
from raieing the lake lavel would be great emough to warrant this procedure,
It 1s clear, however, that au inereased flow of water through the lake utu. be
beneficial oven if the prosent level were maintained, It is understood that the
possibility of diverting additional drelnage into Qi ab 18 boing investi-
gatad,
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m 1onl and Chemical Conditions im Olear Lake

Temperaturas ‘

The lake is froven over for from 5 £0 5 1/2 months sach year, the

froeze up ooom-tu about the first of Necember and the ice breaking up early
h May (May 10, 1935)s In the present investisation temparsture was observed
fron surfage to bottom in three series at appraximately weekly intervala.
These observations were mode at Stetion I in the deep r.t.er region and the
instrument used wes & deep sea water bottle with s Negretti and z-ﬂ:u'ro-
versing tharmometer, Three further series taken by Bajkov in 1932 and 1933
heve been ineluded in Table I,

The data from tadle I were used in plotting greph I end will be more
readily interpreted in that form. Complete ¢lreuletion of the water would
ooour vhen the ice went out on May 10, On May 31 the surfsce water wus (10.5°C.)
three degrees warmor then the bottom which would eheck clreulstion in some degree
but in the week that followed strong winds, vain and snowstorms occurred and on
June 6 the lske was nenin completely mized, On June 12 the mirfscs was again
almost three degrees warmer then the bottan, It is assumed that this wamming
of the upper layers continued until thermnl stratification was e stadlished.

Pm Kuly 10, 1933 Pajkov found a very marked stretification the thermocline
lying Detween 10 and 15 metres. On Augunt 14 of the seme scason the thermo-
cline had been forced down to & position between 15 and 20 wmetras, It is
therefore probable that a fairly definite stratification ocecurs in Cléar lake
in most years, On feptember 5, 1932, the leke had cooled considerably and
was almost ecmpletely mixed but there still remeined a dlip;m indieation of
otratificetion in the lowest 5 metors. Whether or not the stratification will
have any considerable effect on the fish life in the lake can de better judged
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shen the amounts of oxygen present have been discussed.

Dissolved Ouun.

The amount of oxypen was detormined by Hillor'q methed, in water
semples token alone with the tempeveture series of Mey end June 1935. There
ere ineluded slso Pajkov's observetions of dissolved oxygen in midsumeer 1933
and on September 10, 1932, The laticr values are expressed in p.p.m. which is
assumed to mean mgm, per litre. They lmve been converted to equivalent values
in c.¢. per iltro which are used in our own results.

Nssolved oxypen in 0.0 'par litre.
May 31'35 June 6'35 June 12'35 Vidsummer *33 fept.10%32

Surface 60’ 7.0 6.8 801 6.6
15 m 6.1 6e6 6.9 - -
m 5.2 5.9 549 5e2¢ 4.3

* 20 m, depth but below the thermoal ine.

On May 31, 1935, the surface -iur contained 6.9 ¢.0, oxygen per litre
which is rectically saturation value for a tamjerature of 10.5°C, at this
elevation (2016 ft.). The bottom water with 5.2 c.cs 1s about 707 saturated
showing therefore a beginning of hottom oxygen deficimcy after the spring oir-
culation and remewal, The storms between iay 1 and 4 ineressed ths bottom oxygen
t0 5.9 6.0 with & saturation of more then 807, Bajkov reports (1933) that
"the surface axygen does not drop below 12.5 Pepeme (8.7 ccs/1) even in the
hottost weather®, Oince he records surface water tempemature as 22°C. this
emount of oxyesem represents & supersaturation of more than 150° which seems
unusually high for a minimum, In the daepcx? water, at a depth of 20 m. he
found no less than 7¢5 PeDeme (5.2 ¢ec./1l) which sgain seems very high for a
lake with the degroe of themal stratification indlested above. In Waskesiu
lake at @ slmilar depth and with the seame degree of mnﬂcatgm the oxygen
of the deeper water ususlly falls below 30 e.ce per litre and often much lower,



Since the value quoted for Clear lake is for a depth of 20 m. it is probatle
that @ much lower m velue revailed at bottom (30 me)s On September 10,
1932, when themal stretificetion hed been elmost destroyed Najkov's observe-
tions show the bottom oxygen $0 be still aus low @s 6.1 Pepem. (4.3 eo/1) which
would indicete thet stagnetion had at least exceoded that siown by his rm-?u
foar midsummer,

It is therefore impossiblo to say what degres of swwwer stagnetion aml
oxygen deficienay exists in Clear lake but 1t seems probable thst s considerable
reduc tion of oxygen iould take plece. It Is not expectad thet 1t would be as uvm
as that in Waskesiu lﬁo ﬂb;cro’tho bottas tomperature sommtime rises as high as -
15°C. '

The pH of Clear leke was determined colorimetrically on June 12, 1935 for
the surface water 8,3 and at bottom 7.6, Bajkov 1932 indlcates & determination
of 8,4, This is within the usied range for lakes of this gemral type, the
surface water of Waskealu lake wvarying from 5.0 to 8.3.

The mineral mlﬁit recarded by Majkov 1952 indicates a total residue
of 240 p.p.ms Vaskesiu lake has about 200 p.pem. &nd Halkett lake also in the
Prince Albert Park 276 p.pelm., the lotter lnke having no visible outlet. The
minersal constituents ia the Clear lake water resemble those of Malkett lake
rathor olo-ily. mrtiocularly in the mpmtiﬁly large amounts of magnesium and
salphates,
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» The Plenktom.

Plenkton samples were taken on May 31 and on June 6 at Station I, The
noet used was am old one of number tventy bolting cloth, Tt had a mowth of 12
cms, diameter end was of the Wisconsln pattern, closing by memme of a messenger
and reloase, The samples taken on each date iulﬂoﬁ a vertical series ot 10
metre intervals, a total vertical haul and & surfece tows Since the survey
was mde on short notice it was impossible to cbtaln new nets. The effielency
of the net used was 80 low as to malm it useless for truly uantitative sampling
but & rough eomparison was obtained by using the same net in Yaskesiu lake
boﬁro. and in Okanagan lak: after, examining Clear lake. The genersl impres-
sion obtained in this »ay was timt the planicton ad"uc:.ur laks at this season
was somevhat meapgre as compered with thet of the above mentioned lakes at
approximately the samwe season,

Prom & qualitetive examination of the heuls 1t wes epparent thet a
greut variety of spocies were represented end that the Copepods formed the
bulk of most samples. Mepresentatives of 39 genera of plankton arganisms have
been uontiﬂad in these eollections, Thay are listed as I.bu-sut A, conmon G, oce
casional O or rare Re 1% should be remesbered that these collections were mde

in a brief mrt of the season.

Copepoda
Diaptomus sppe A Peridinium sp, ¢
Epischure lacustris 0- Codonella sp. 0
Cyclops sp. A Cyrhoderia sp. R
Cladocere _ Diatomacese
Bosmina longirestris ©¢ Melosira ep,. A
Daphnis longispina 0 Asterionalla ap. A
Surycorcus lamellatus 0N Stephanodiscus sp, A
Holopedium gibberua R/ Fraglillaria sp. c
Chydorus sthaeriocus n " Tabal laria sp. 0
Leytodora kinditid g Surirella sp. 0
Cymbella sp. R
Gomphonema spe R
Synedra sp. R
Cymatopleura ep. R



Rotifere : Chlorcphyceae

Polyarthra platyptera A Pediastrum sp. 0
Notholea longispina ¢ Pietyosphaeriun sp. 0
Amuraes aculeata 0 Staurastrun spe R
Anurees cochlearis 0 Unicellular green algae ¢
Philodina sp. ¢]

Triarthra sp. 4] My xophyceae

Asplanehna spe R Mierooystis sp. R
Horommatid fomm? R Oseillataria sp. R

Protozoa

Dinobryon spe A

Ceratium ep. ¢
The zooplarkton forms meade up the bulk of the collections, It is possidle
that at this early period the algae had not yet entered on their gemeral spring
"pulee” although the dta‘so;u were already abundant, The dominsnt forme ine
cluded three Copepods, plaptomus, ipischura and Cyelops, two Gladosers, Bsmima
and m. the rotifer Polyarthre, the colonial protozosn Dinobryon snd three
distoms, Melosira, Asterionslla and Stephanodiscus. Specimens of almost every

form were taken in iha surface tows and wany of shem were not found in samples
from the deeper water, A few forms, notably Cyclops uny the rotifer Iriarthre
were more abundant in the deeper wator than at the surface, The deep water
collections were almost completely made up of copepods, rotifers and a m}
dlatomse ,

With the exception of the Chlorophyceae and Myxophycese (Green and Bluee
green slgee) the plankton of Clear lake appears to include a rich variety of
forms and it is probabdble that these alpgae would be more abundent Jater in the
568850R.

No mﬁuun dats have been reported by Bajkov but in his report of
1933 he states that the plankton is "very #ich” and that "many quantitative
samples show that it can be placed among the richest of Menitoban lakes". As



t the Ldentity of the organisms he indleatea that they arve all listed In a
specid report, prasummbly the general paper on the plankton of the Lake
Winnipeg draimnpe arvea, Rajkov 1934, In this paper we find enly 12 speclcs
1isted s ocourring in Clear lake end note alsc thmt two forms, mentioned

in the report of 1932 as characteristic of Clear lake are nct listed - namely
the dlatom Tolgcosphenis curvata and Selpine, “pinigera (sic) presumbly the
rotifer Selpina spinigera, The same statement occurs in & paper published
earlier, Bajkov 1930.

The Bottom Fauna

The bottom fauna of the open lake was sampled with an Timem 4dredge
bringing up an area of 500 sqe oms,, the samples thus obtaiuned belng washed
through two soreens, ons of wire mosquito netting and e second ¢' eilk bolting
cloth of eabout 400 meshas to the square ineh. Thirty-two dredginge wore taken
at various depths and in five series or lines acrces the lake, the location
of each dredging beding shown on the accompanying map, A few additional
qualitative collections were made in shallow water end different places along
the shoraline. The study ves not sufficietly extensive to warrent minute
tdent! fleation of the orgenisme, and only @ fow of $ié dominent forms have
been identified %o specieos, The composition of the bottom faume {8 indicated
briefly in the followins mragraphs.
INSECTA,

The aq\nﬂg stages of theee inseet groups were reyresented in the open
wator.

Chironomidsae - Humerically more than half of the bdottom population were

ehirenonid larves, The larger spseies Chironomus hyperboreus and C. plumosus
were espocially sbundent in the deep (15-30 m.)s The mmaller forms included



severel genera chiefly Ohironomis, Oryptod:ironowus, Alloohiromomus, Poly-
pedilun end Tabypus.

Ephemeropteora - The mayfly nymphs were not mumerous but widespread and of
large size. Most of iha spocimens in the open water were of the larpe burrow
ing type, Haxagenia.

Trichoptera - Caddis larvae were seattered in smell numbers over the shal-
lower water (0-10 m.)s “They occurrad in only 5 of 32 samples.

A mtgr variety of insect larvee md adults have been collectad in the
shore aros but as vet have not been identified.

HOLLUBCA
Gastropods - In the ehore region the large snails Lymuaes stagnelis,
Stegnicala sp. and & larpe spocies of Planorbis were cormons In the dredgings

Amnieola were the most common. Valvate tricerimate end & smell spesecies of
Plsnorbis ocecursing in moderate nmumbers, FPractically all the gastropois were

confined to the upper 15 metres.

Peleoypods - large clams of the genus Anodonta were comwon in shallow water.
The minute sphaeriid form, Plaidium occcurred at all dovtis snd Drmed an
important fraction of the bottom fauna.

CTITACTA,

Amphipode - The smell fresh water shrimp Fyalella azteca was found in
moderate numbers in the upper 15 ﬁtma and arounted to about seven per cent
of the fauna mumerically,

Decapois -~ Numrous specimens of the crayfish Cuwbarue virilis were
observed alonz the rocky shores and in the stemdis of whitefish,

Three othar groups the Oligodieeta, Mirudimes (Loeches) and Ostracola
wepe represented by small numbers in the open water retion.
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The grentest variety of &mhu was found in the shallow weten, ell
of the above groups being r-.ymmm in depths of 0-10 metres, mwoia 10
and 20 motres thersa were no leechos or eanddis larvae but the gnatropods and
mayfly nymphs were still present in falr numbers. In the deep water, 20 to
30 metres, only three formas were common, chiromomid larvee, f’hidim and oli-

~ pochaete worns,

The quantitative results, both numerical and gravimetrical are
recorded in table II, The average number of organisms por dradeing is seen
to be 96,5, Of this number the chironomid larvae make up about 50 psr eent,
Pisidium 25, gestropods 10, amvhipods 7 and mmm« S5e

The number 96.5 orgamisms per dredging is egquivalent to 1930 per sq.
metre (1610 per sq. yard), This reprasents a fairly dense population which
may be compered with 1363 per sq. m, in Paul lake, B.C,, 875 in Lake Wipigon
and 020 in lake Simece, Ont, In 1933 Pajkov's report bssed on “"several hundred
dredgings™ indicates 409,874,000 organisms por sq. mile in depths of 0-60 ft.
which is equivalent to only 160 per sq. metres, This value seems low for a lake
of this typs and the diserepancy 1s too great to be accounted for by seasomal
variation or difforence in anlia.g technique,

The weight of each dredging was detemiined with a balance accurate to
the nearest milligram, The mollusca wers ui;hﬁ separately and a peresntage
deducted equivalent to fhs welght of thelyr shells, On this baals the average
wot (equivalent to "live") weight per dredging was found to be 0,566 grams
this ia the result of simply aversging the weights of all dredgings end does
not take into account the greater extent of the shallow water. It was found
that weighting the average according to t’ho relative area of the depth zones

resulted in only o negligible chenge of the simple avernge, 0.5606 grams.
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" The welght of 566 gm. wet welght, with molluse shell deducted is
equivalent to (113 gm, dry weight per dredging. This is equivalent to 22,6
kilogrems per heetare or 20,1 1bs. per sore. The weight of bottom organigms
1s regarded as & better index to the richness of the bottom population then
W saibore:  Thde: weliht Tar Glenr Jké my Ve sunpaied with values fur. seas
other lakes as follows:

Bottom fauns
Area sqe. mi. Av., Depth f%. 1ba, dry wt. per acgre

Paul lake, B,C. 1.5 112 3265
Le Mendota, ¥isec. 15.0 . 45 42.9
Green L., "isec, 12.0 100 24.0

Y¥n - 4 ' 20,1
o s WS 3 7
L. m“. Ont. WL !00.0 50 9
Le Nipigon, Ont, 1750.0 180 5.2

Comparing these valuss 1t may be coneluled that the quantity of bottem
fauna in Clear lake is mbout as great as would be expacted in a lake of that
size and depth,

Tafkov 1n 1933 {ndlcates & "rough welght® of orsanisme in the 0-60 f%.
region of 12,380 kgm, por sg. mile. This is approximately the equivalent of
T¢6 1bs, dry wt, par acre molluse shall deducted. Again this value seems very
low although the discrepancy is not so great as in the case of the numbars of

organisms,.

) The Fish

Samples of the ﬂ‘ population were obtained by the use of gll nets
and a seine., The pang of gill nets included five ;ieces, 25 yaris each of
meshes 1 1/27, 2" and 3" and 50 yards anch of 4" and 5 1/2%, This gang wes
sot, left over night and 1ifted in nine locations in different depths as indi-
ented on the map. The seine wae 20 feet in length and of 1/4* mesh,
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The fish taken in the glll nets were exsmined as to numbers, spseies,
size and stamch contents. The scalas of representative specimens wers taken
for age determination, The catches in the various "sets" are summarized in

Table III in whieh they are arranged in order of depth,

The "hitefish, Coregonus sp.

In 1929 Bajkov descridbed a whitefish from Clear lake as & new species
Soregomue ofdomoghuels The 55 specimens examined by the writer are considered
to be C, clupeaformis mo specimens being taken which could be identified as O,
odonoghuel. The 55 individuals ranged fram 17* ams, 2 oz. to 47 ems. 3 1/2 1bs.
and were widely distributed asince they were taoken in eight of the nine settings,
Table ITI showrs that most of the specimens were from depths grester than 10
metres and that the largest cateh 19 wes from the deepest set 30 metres.

The white fish are not large and the scale examination of 12 specimens
indicates a low rate of grovth, Vor comparison the averaze welghts and lengths

of four year groups are indicated for Clear lake and for “askesiu lake,

#hitefish from 3 yrs. S yrs. 8 yrs. 11 yrs.

~Clenr L, lLength 17 ems, 23 dn.. 30 ems, 38 emse
Yeight 3 oz. 7 oz, . 14 oz. 2 1bs, 3 oz.

Waskesiu L.length 23 oms. 32 ems. 42 oms. 50 om:s.
Teight 7 oz. 1:1b, 2 oz. 2 lbs. 4 o2, 4 1bg, 2 oz

The differences in growth rate might be due to a variety of ecsuses,
ineluding a real difference in the identity of the white flgh of the tw lakes.
It is at least clear that the differance is unlikely to be due to food supply
sinoe the hottom organisns of Clear lake are more abundant than those of "askesiu,

* A11 lengths recorded herein are from the tip of the smout to the end of the
ecaudnl peduncle (base of tail fin),
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The stomach contents of 52 specimens of all sizes und taken at various
times and depths, have been exunined. The average quantity (by volume) of the
following organisms occurring in the stomache is indicated as & percent of the
total.

Chironomid ilarvae and pupae

Crayfish ‘%n*)
Gastropods chiefly icola

relecypods ur
Mayfly nymphs )
amphipoda (Hyslel

small numbers of Hydrachunlds (water mites) and vstracods were also obsorved.

cebEBS

No great differences were observed in the food of smmller and larger specinmens
although crayfish and the larger gestropods were found only in specimens of
more than £5 ems. length, ihe chironomid larvee ere probudly the chief food
of the whitefish ee in vaskesiu arnd many other 1ak§e. fhe crayfish are limited
in their diotnbﬁtton and may not be so important as the shove figures would
indicates The mollusce are probably more constant and important as food for
whitefish. |
About one half of tﬁo specimens examined were purasitized by the larvse
of the tepeworn Irisencphorus robustus and in about 1/5 the parnsitism was
very severe, 5 to 20 cyste per fish. Heavily parasitivzed specimens were usually
soft and emaciateds In an earlier report on the suggested glill netting of
whitefioh of Clear lake, (2 copy of which is appended to this report) it was
suggested that special care should be taken to avoid the sale of obfiously
paransitized fish.
ihe common sucker Cabastomu gommersoni
mgl_ltm suckers were taken in the glll nets and moderste mumbers were
seen congregated in the shallow water and attempting $o move up the creeks.
Apparently the suckers have 4ifficulty in finding spawning grounds, partly becsuse
of the low water hwl‘. this belief is contributed to by the lateness of spawning
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{in saskesiu lake with similar twﬁtm conditions spawning was practically
complote by may 20) and by the unspawned condision of odulte taken in the
gill nets during the first week ol June, Some of these adults were tahﬁ in
deop water 10-20 metres and & few of tho males still had nuptial tubercles
on their caudal fins. Hedrr

Fhe specimene yanged from 16.0 cumse 3 oz. to 30 emss 2 1bs. 1 oz,
most of them being lees thar 20 cms. in length. UScales of seven were selected
and shelir age determinsd. The growth rete of suckers in Clear lske, like
that of the whitefish is epperently slower than that of these fish in nauntﬁ
lake, The difference was more maiked in the older yesr elasses, elght y;nr
old suckers in Cloar lake being atout 37 cms. length and B 1ba. in weisht and
in Waskesiu 42 ems. - J lbse £ oz, in welght,

The stomsch contente of eleves suckers varying from 16 to 28 cms,
were -mm;d and the average qmtit(oi of organiems are recorded as in
tho' cane of the whitefish,.

Chirconomid larvae 384

Copepeda. (aoutly Sreiepe) s
¥

Hayfly nymphs 5

vaddis larvae L]

Peleeypods (Pisidiun) s

Small quantities of gastropods, ostrucods, hydrachnids and elsdocera were

also found., ulince the ssuple included seven small suckers the above state-
ment is not an acourate indication of the food of the adults the chief ine
difference being in the copepods which were not found in the Jarger individuals,.
At this season, the sucker was feoding ehiofly on chiromomid larvse and emphi=
pods. uver a longer pericd, the mollusca and mayfly mhc wight be expeeted
to bulk larger in its food,.



Suckers are undoubtedly numerous in '!e lake but probably not more
0 than in other lakes of the region. Bajkov's statement (1933) that it is
"the most common” fish in the lake seoems hardly "justified in view of the
meagre data.
The elsco, Leugichthys spe

The gill net catches included 107 ciscves, & larger number than that
of any other species. They were Saken at deptha of £ to 3¢ metres but mgly
in water deeper thun 15 metres. 7They were of smell size, longths ranging only
from l4.8 cms. to 17 cus. and weights from 2 to 4 oz. Ihe specimens appesred
to be sexually mature and from scale examinstion to he in the fourth, fifth and
sixth yearss it is also pointed out thaet a range of net peshes was used which
would be expected to take larger specimens if they were present hi any cone-
siderable numbers.

viscoes from Clear leke have been identified by sajkov (1952a) as
Lleueichthys artedi sullivees The specimens taken by the suthor in Clear
lake are quite unlike the L. tullibee of saskatchewan, the latter being
typically & much lerger and deeper fish. bejkov (letter June 21,/35) stutes
that he used nete of only three meshos 3 1/2, 3 344, and 4” meehes. Nome of
these meshee would heve captured the specimens taken by the author. of our
specimens 103 were in 1 1/2" mesh and 4 in the 2" mesh, It is conceivable
that there way be two species of clscoes in the lake although we saw no
evidence of the larger forme |

ihe stomach contents of nineteen specimens 14.9 to 18 ems. in length have
been exmmined and the followi g average contents detormined,

| Gopepoda (mostly Gyelops)

Cladocera (Bosmina, Laphnia and

mrycercus) 108
Chironomid larvae 4%
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A few hydrachnids and seme miscellsnecus inseot remains were also found, 4s
usunl the clsco foeds almost completely on eanimel planiton forma.

The clacoes were even more severely perasitized by the larvee of fxisenoshorus
Xobustus than were the whitefish, Very few specimens were found which were free
from the parasite and most individusls had from © to 20 oysts.

A large number of ciseces in the lake should provide exeellent food for the
larger trout 4if a Srout speeies can be established. 4 numbsr of the specimens teken
between may 51 and June 18 were in spawning condition with milt and egge readily
oxpreased,

An examination of the atomach contemts of 19 perch resulted ia the following
dats as % Sheir food at this seazon.

Meyfly nyrphs (mostly Hexagenia) 75
Chironomid largue : p 1¢]
Amphipods (Hyalells) 8
Caddis larvee 4

small numbers of gastropods (Amnicols), hydrechnids andi terrestial insecte made
up the remainder,

while the perch were nusercus the writer saw no evidenee of the emﬁiw
perch populution clted as an importsnt obstacle to the introduction of game fish.
peithor wos any evidence obtained that the perch fed on fish although large numbers
of spot-tail minnows were MQ in some of the locations where perch were caught.

The Fike - Esox lucius ~ -

Although no pike were takenm in the gill nets there was evidence of their
presence in the teeth gashes found in e¢iscoss, vhitefish an® pereh teken in the
nets., rish mutilated in this way were found in five of the nine settings end at
all depths., It might be added that the nets used were old and the mesh probably
tec weak to hold = pike and that no settings were nade along the north shore of
the north weést bay where the only remaining pike spawning grounds are loosted.



it 1s believed that the pike feed mostly on ciscoes as they do under similar
cirocumstences in the lakes of the Frince Albert Parke It is probable that suckers
end perch would alse be teken, sajkov does not dlscuss the food of the pike but
mentions thut "they eat & considersble amount of perch*l

There are many reports as to the in;t abundance of pike in Clear lake ten
or twenty years agoe iire Ko Kelley who has fished the lake with gill nets at
verious times in the last twenty years belioves that they are still very plenti-
ful., The best evidence of their scarcity is found in the difficulty experienced
by anglers in catching thm. nmen o good deal of angling is dome very few fish
are caught, park értuuh suggesting that the total number per year is probubly

less than one hundred. ‘The loweredlske level and conseguent restriction of the
epewaning grounds would seen to be the nost probable reason for the existing dee
pletion.

Of the smaller fish, the spot-talled minnow, sotropis hudsonius appeared
to be by far the most abundant, It was taken in eleven of the fourteen hauls with
the smll seine, in one of the hauls 600 snd in another 115 individuals were
teken, A number of these specimens exhibited a "pot-bellied” appearance which was
found to indicate the presence of the larval flatworm iiguls.

About fifty specimens of the blackenosed dace Ehynighthvs atronasus were col-
lected in twe seine hauls. They wepe of small size, not exeeeding a length of 1 1/2%,
This species wus not recorded by Bajkov in his reports.

Four Cottids Gottus spe. and a single specimen of the Trout Perch Percopeis
Lumisco-mayous wore taken. mejkov 1933 rscords also & darter foleosoms nipgrum
end the five spined sticklebeck jucalis inoonstans. He also rentions that "there
are fourteen native species” of fish in the lake althou,h he records only ten.



Summery and General pdecussion

he size and the physigal and chemical conditions in Clear lake have been

indicated in the foregoing sections. Ite ma is approximately 9.0 sg. mi.,
maximun depth 81 me (102 ft.) eand mean depth 13.2 me (48 fte)e It iz frozen
- over for more than five mwonths of the year and undergoes the usual thermal overe
turning in May snd probably agein in september. sSumser conditions indicate a thermal
stratification establiched in July with a distinet thermoelins between 10 end 15
metres (S0-49 ft.) which lowers as the season progresses, The bottom oxygen is
reduced at this time to an unknown degree but it seems improbeble that any severe
depletion exists. The salt content of the ntoi is samewhat higher than that of
naskesiu a comparable lake in the Prince Albort Park. OUrainsge into the lake is
from & limited aresa and the only permanent streams flowing inte it are short and
spring fede The leke had no outflow during four years preceding the exsmination.

~ With reference to the biologlesloonditions, the plamkton exhibits no unusual
fentures of composition but richer in animal than in plant forms. It appears to be
somewhat meagre in quu_uty although neﬁrato measurements were impossible with the
avsilable equipment. A more complete study of the bottom fauna indicates that it
is fairly rich both in quantity and variety of organisss. The chief components of the
bottom fauns are the chironomid larvae, risidium, gastropods, oligochaetes and meyfly
nymphs in order of numeriecal abundance and the average populaudn amounts to 1980 per
8qe metre or 1610 pof 8Ge yards m average dry weight of organisms was 22,6 Kg. per
hectare or 20,1 lbs. per nere. These values indicate a bottom fauna of about avere
age richnese for lakes of this arees and depth. In the shore uree the fauns was
varied but not rich and the aquatiec plants rather searce, Neither of these last
two fectures could be fairly estimated so early in the seosson,

The fish faune includes chiefly, whitefish, cisco, sucker, perch and pike vith

the spotetailed minnow most abundsnt of the smaller fishe Both whitefish and sucker
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show somewhat slower growth than the same opecies in waskesiu lake although the
food supply i: probabdly groster in Clear lake, ¥The oieco is very nuserous and
feeding on plankton should be valuable in making that source of food aveilable
for the larger trout i they are introduced. The perch are nuserous and compete
vith the sucker and vhitefieh especially for insect foods

We camnot be certain from these estudies of the feeding hebits and relations
of these species in the remainder of the season. The perch is thought of as a
potential enemy of fry planted in the lake but we do not know to what extent, if
apy, the perch in this lake take fish food., Perch in maskesiu lske feed on inseet
larvae and smphipods taking much less then B per cent rish food. We are aleo with-
out information as to the food of the pike. In saskesiu lake the clsco provides
most of the food of the plke with perch and suckers next in order, ntlﬁm such
infometion it is lmpossibtle to form any comprehensive pleture of the food relation-
ships in the lske., Such s pioture is necessary in estimating the poseible productivity
of the loke and would be most valuable in any attempt to predict the result of ine
troducing additional species of fish,

Basing our opinions as far ae possible on the foregoiag informetion we would

has thus tended to confirm our opinion expressed in a note prepared at the request

of the Fish Cultural Committes of the Biologicel Board in Februsry 1900, some of
the specific considerations which have led us to this cenclusion should be recorded.
The size of the lake, 9.0 sg. miles, is such that a nusber of fry caloulated to
stock it could be put in for several years at « cost -uoi would be considerable but
not prohibitive., It is slso desirsble that the lake should not be toe large sinece
fly fishing 1s rarely found im large lskes, except in very limited regions e.g. pro-
tected boys, creeck mouths etce In other words the proportion of shallow near shore
area with a dense insect population decreases as the ei.'iot the lake xﬁnaua.

The physical and chemicnl conditions seem to be suitable, especially in view




of the wide range of conditicns mhich the Kemloops trout is known to tolerate in
British Columbia., In that region it may thrive in smull alkes at high altitudes,
cool end unstratified as renask lake, shallow and severaly stretified lakes such
as Pinantan in the middle altitudes or in large deep and low altitude lakes such
as Ukanagen, to mention only three rather extreme eases. with respeet to -m
physical conditions one point should be made clear, namely thet the surface teme
perature of Clear lake in the midsumner period is high oiwg): to render fly fishe
ing at that time unlikely. upring end fall fly fishing could de expected and
trolling during the two months or more of tho warm summer conditions. Although
tils would be a dissdvanisge it is pointed out that many British Columbis lekes,
ineluding such successful trout lakes as Paui. have such & sossons One might
speculate that such a condition would tend to.lum:n the season ot which miding
Mountain Park was attraciive to tourlsts.

The available food supply appears to be adquate, both plankton for the im-
mature fish and bvottom orgunisms for the larger individusls, The absence or scaore
eity of the larger amphipods Uemwarus and the consideravle compctition for insect
foods through the feeding of perch, whitefish and suckers can be mentioned as une
favorable factors. A ‘

The more general @ueation ol the effect of campetitive and predatory fish on
the introduction of Kamloops trout can only be no‘culnm upon until we have exe
perimonts similar to that at Paul lake, but carried out in a lake wheye "coarse"
and predatory rish were pressnt. The degreo of predation of pereh and pike on the
developing fry and ﬂudurllnga con only be guessed at, it has been pointed out
that the pike cannot be very abundant in Clear lake and that the perch although
numerous may not take much fish food in their diet. fthere is no assurance that
if trout fry were available the perch would not change their feeding habits. If

fingerlings were liberated the predatory effects would be mueh reduced. uxpressed
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merely =& an opinion we would expect that the predasory activities of perch and
pike would not be as damaging as the food cowpetition of the species mentioned
aboves The oniy certain conclusion that can be made is that the rute of stock=-
ing per unit area in Clear lake should be much greater than that comsldered reason~
able for a lake with no other fish present. ;

Consideration has been given to the question of whether the attempt to intro-
duce Kamioops trout inte lakes of this region should be made first in & sseller loke
with & richer food sup ly =and at less expense. There appears to be no lske suite
able tob such an experiment in the Riding Mountein Park end even opn 2 smaller
seale the project would be expensive., It seems then that the great desirebllity
of entablishing the Kamloops trout in Clear lake would completely outweigh the
former argunent. ‘

Iz eonclusion 1t is proposed that the Kamloops trout Salmo gairdneri is the
most desireble and promising speeles for introduction inte Clear lake, It is
-phdud however that the data resul ting from examination of the lake cannot
assure the success of the experiment and we ¢an only say that sthere are no ms jor
objections and that there seams to bc falr promise of suscess, As an experiment
which =11l contribue to the present knouledge of flsh culture it should be of ex-
ceptional interest and value. '

Ae Suggested Procedure for the Introdustion of Kamloops trout.

\

The following plan has been worked out in conference with Drs Ce MeCo
Hottley who hae been engaged in a speeial study of Kamloops trout propsgation wnd
who has already expressed views on the stoeking of Clear lake in & reply to Mr,
Jeise Rodd's wegueat of Jan, 18, 1935, m'-ﬁmatlon are based as fer as pos~
sible on asetual findinge in production atﬁdtu at Paul lake snd yearing experience
at the Cowichan station., D Hottley hus approved the following outliu ané further
information Af desired should de cbtalned directly from hime
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Genorsl outline of proceiure.
1. About 550,000 Kamloops $rout eggs should bde cbsained as early as possidle in

1.

May snd shipped to Clear loke. Early ege collections are possibie in Knouff
lake, BeCe

These egue could be held in 10 pomis, euch with troughs, similar to those used
at Cowichan and supplied with & mixture of spring water and water pumped from
the lake. | |

The mimm be fed and helduuntil October or November ot which time about
850,000 fry of 5" size should be svailable for plantings

mn procedure should be repeated for four years unless at the third sesson it
was soen that the plantings had been unsuccesaful.

From the third or fourth year on it should be possible to obtaln breeding stock
from the leke itself even though metural propagation ie not expected to cone
tribute appreciably to the astocking.

Details of the above plan and ressons underlying it.
The nusber of eggs required has been estimated on the following basis,
(a) Population studies at Peul lake indicate that an anmuel planting of
- 800 « one inch fry per acre supports excellent fishing.
(b) Since the only prodaioxy fish in Psul lske are the trout thenselves,
some allowance should be made for the presence of other predatory and come
petitive fish in Clear lake. Lucking sny definite information on the proe
blem 1t is suggested that the rate be dwbiod 1460 400 por mere.
() In Clear lake 400 fry per sere would be £,500,000 fry which wuld be ime
possible to handle at ressonable cost.
{(4) It would therefore be meceossary to resort to pond culture, since a smale
ler number of larger fish may produce the u-a resulte



8¢ Using pond culture.

(a) By obteining the eges as early ss possible and retaining them until late

in the autumn it should be possible to raise fish of at least 2" length .

This purpcse would necessitate an optimum rate of feeding »nd regulation of

the temperature of the pond by s mixture of the cold spring water with warmer
water pumped from the lake,

{b) The number of 2" fish which would be approximately equivalent to 2,500,000

one :l.neﬁ fry ean be deduced from studies of mortality of trout fry "planted”
by embody (19£7)., He gives swrvival values which indicate that 340,000 two
inch fish would be needed.

(e) To obtain 550,000 plantable 2* fish it would be mecessary to obtain about

880,000 eggs, which should yield 500,000 eyed eggs and with & ressonable
(10_5) survival to the 2" stege, 360,000 fry.
(d) . This pumber of eggs could be handled in 10 ponds of the Cowiehan type
37' x 6" x £'6" each with two standerd 18' trowghs. It is boihvod that the
availsble spring water supply at Clear lake is not sufficient for this pur-
pose and that pumping from the lake would be necessary as woll as advantageocus
in allowing temporature controle. The location of the most favourable site for
tho ponds and checking of the water supply is essentially en engineering pro-
h].a which does not come within the field of this reporio

. Approximte costs.

/ This plan would require the full time sttention of o thoroughly treimed fish
culturist end an assistant. The chief expenditures would be for comstruction of
ponds and purchase of equipment with nahriu and feeding costs secondury. 1t is
ostimaied that the firet year's work could cost about §10,000 and the succeeding years
39,500 annually.

It is sgain pointed out that the suceess of this plen is not assured but that
it is baced as far ss possible on avhilable experience and fagts.
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Memorandum Re Netting of #hitefish in Clear Lake, Riding Mountain
National Park.

Submi tted June 14, 1935,
DeSe Rawson

In view of the need for immediate agtion with reference to the netting of
whitefish in Clear lake I am suwmitting the following recom:endetions in advance
of my fall report. These conclusions are based upon the results of nine settings of
a gill net 175 yards.long and 1 1/2 to 6 1/2 in., meshes and on an inguiry into the
results of previous netting in this lake.

1. It ie advisable that whitefish be netted in Cleer lake during the tourist
S8EEON .

2¢ That the nets used should not be smaller then 4 in. stretehed mesh.

3. That the fishing should be earefully supervised by the Parke staff to ensure
the following:

(a) That the supply of fish does not exceed the demand within the park,
{(b) That the fish taken are handled with proper care, iced, ete.

(¢) That the number of pike caught be kept at & minimun and that the sale of
pike be not sllowed (there is some evidence that in former yesrs deliberate
efforts were made to oatch the plke.

(4) That soft fieshed, emaciated, pale or under sized fish be not sold since
these are usually parnsitized by harmmless Wt unsightly tapeworm larvae,

With reference to section (d4) of the avove recommendation 1t should be exe
plained that the larvae of the tapeworm parasite, Wi b are found
encysted in fairly lerge numbers in whitefish of Clear Qe & parasite ia more
frequently in whitefish from Clear lake than thuse from other lakes in the prairie
provinees shich the writer has exemined, A small mmsber ( ] or 2) of these cysts
should not prevent the sale of the fish but if larger numbers occur sueh fish would
probably damage the market. The paresites are not usually visible externally but seen
only when filleting or cutting into the muscle, The sppearsnee of the fish however
often gives a suggestion of the degree of parasitism. In 60 specimons of whitefish
taken in nets a: Clear lake May 31 to June 1E, 1935, and examined for psrasites it
was found that the characters of softness, emaciation, ote, listed above were usually
assoclated with heavy parasitism. It is therefore reccamended that sugh fish be de-
stroyed or ezemined internslly boefore the catech is sold,.
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TABLE II, ANARYSIS OF CIEAR IAYE DREDOINGS

§

Gastropods

(m)
Sphaeridae
(Psidium)

o ey a
- i §§ .
¢ ! - ; -4 3
i # B BIEIEE {14 34l
| £%
D2 9.0 Sand & woll, shells 37 1 - - - 36 18 1 193 +760
D3 22.0 Soft clay & shells 39 - - - - u - - 63 463
Dé 23,0 Soft clay | o2 3 - 1 - 3 - - 64 554
D5 30.0 Clayey cose 105 - - 24 - - - - 130 398
D6 30.0 Clayey oose 61 - - 8 - 31 = - 72 510
81I. N1 1.0 Oravel with sand 24 3 2 - 6 2 12 ‘ - - 46 «070
D2 17.0 Soft clay 69 - - 10 50 25 4 . 158 916
D3 31.0 Soft elay 173 - - 34 - 15 - - 222 1.473
D4 215  Coarse sand B . 4 - R 6 008
D5 10.0 Gravel & coarse send 10 - - - - 2 4 - 16 «105
6 2.0 Sand 1 - - - - - - - 1 -
- 8ITI.m 2.0 Stonsy 23 1 - 10 - 1 - - 35 «057
e 5.5 Sapd & chara 15 4 1 6 24 % 14 - 199 467
3 8.5 Smal 1stones & eladophora 41 - 6 2 3 120 76 2 250 1,560
o 8 1’.0 Clay ooze %0 3 P - - 44 3‘ - 132 1,040
DS 15,0  St4ff elay 49 - - - 9 2ir } = 85  1.59%4
D6 4.0 Clay ooze 69 5 - - 6 | 8 - 109 «950
sIv., DA 1.5 Marl & sand with chare 13 1 - o 6 15 ] - 44 «200
D2 2.5 Sand 35 7 ) | - 12 24 1 - 80 378
D} ,-0 5" M ” - - - 2‘ n [ ’ - “ 017‘
M 7.0 Clay ooze 44 - - 9 45 130 40 1 “’ 100”
75 14,0 Clay ooze 20 2 - - - 24 6 - 52 539
D6 18,0 Clay ooze 58 - P - 8 - 23 - - 89 «908
g 2240 Oose and organic mat, 80 1 - P - 4 - - 94 <595
30.0 Clay ocome : 117 - - 17 - 2 : - - 136 0544
g, m 8.0 Oravel 26 - 4 - 2 - 13 2 47 o338
D2 . 17.0 S%irt clay 48 2 - 3 - 14 3e 2 99 «986
D3 23.0 Clay ooze 29 1 - 2 - 13 .- - 45 o111
D4 22.0 Claymze 15 - - - - 21 - - 36 «099
D5 23.0 Clay ooze some sand 4 - - 8 - 3 - - 8 014
p6 20.0 Clay oome 63 2 - 3 - 16 O 84 «515
Totals 490 36 17 158 20 714 3710 7 3091 18.101
Average per dredging 465 1.1 0.5 5.0 7.2 24.2

1.8 0.2 965 0566
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