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INTRODUCTION .

When the fisheries resources of a certain body of water are exploited
too much and the industry after reaching its maximum begins to decrease it
is necessary to make detailed investigations in order to find means for pre-
serving the industry and keeping it in a healthy condition, The main problem
of such investigations is to determine those specific conditions under which
productiveness on one side and resisting forces on the other keep the fish
population in balance, '

The total quantity of commercial fishes of a lake we can divide into
two large groups: (a) fishes which have reached commercial size, and (b)
fishes less than this size, It is not sufficient to investigate only in-
dividuals of the first group, i,e,, adult commercial fishes, the total
amount of these being dependent very often not so much on the intensity of
fishing and over-fishing, as on the regularity and constancy with which
their numbers are augmented every year by individuals from the second group,
And here, the main problem of the investigations is the study of the condie
tions which regulate the total amount of young fishes, Two factors are at
work here, (1) quantity of fertilized eggs, and (2) the mortality of eggs
cand fry, It is very easy to understand that the intensity of fishing has
no influence on the second factor, i,e,, on mortality of fertilized eggs
and fry, and can only cause a decrease in quantity of the eggs,

Studying the reasons of abnormally low production of young fish, we
cannot always connect this phenomenon with poor spawning, but we must look
for the cause in a great mortality of very young fry, It seems to the
author that one of the causes of great mortality is a lack of food, mainly
plankton organisms, As a rule, the development of plankton, especially
early in the spring, is periodical, and if these sudden developments of
plankton do not take place until some time after the fry have hatched the
result may be a very poor crop of fry, and after a certain number of years
the catch of fish will be very poor, On the other hand, if there is a
very plentiful crop of plankton at the right time, the catch, despite in-
tensive fishing, may be very good, Tt seems to the author that this is a
cause of puzzling periodical increase and decrease in catches,

The above considerations apply very well to the whitefish industry
in the large lakes of western Canada, Therefore we must investigate every
phase of development of whitefish, &nd especially those specific condi-
tions under which the fry hatch and live, Artificial propagation and
hatchery work cannot be based only on a large quantity of introduced fry -
but must be in accordance with those hydrological and hydrobiological con-
ditions, In this way tens and hundreds of millions of fry would be kept
from perishing, Only thus can hatchery work give good results,

Recently many investigators have found that the catches of adult fish
continue to diminish in spite of increased introduction of fry, and as a
result have criticized strongly the practice of fish-culture in general
and have concluded that it is useless to build new hatcheries when we capn-
not see any results,
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Although absolutely in disagreement with this opinion, the author,
however, thinks that the hatchery work will be useful only in the event
of all conditions being favorable for planting fry, The main thing in
whitefish propagation in big lakes is to find the time and place for
planting fry most favorably, Hatchery problems not only consist of artif-
icial fertilization and hatching of the fry, but also the protection of
this fry from unfavorable natural conditions, otherwise the result will
be only an increase of mortality of the fishes of the second group, iJe,,
fishes less than commercial size,

Therefore, an examination of hydrologieal and hydrobiological condi-
tions, rates of growth and food of fry should be a first consideration,

The investigations were made , Sl et ;fduring the
years 1926-1929 at the request of e Biological Board of Canada to which

the author would like to express his thanks,

"The author also desires to express his sincere thanks to Mr, J, A,
Rodd, Superintendent of Fish—culture, and Mr, G, Bgtler, Superint end ent
of Lake Winnipegosis Hatchery, for their kind assistance and many helpful -
suggestions, ‘

Thanks are also due to Mr, F, Neave and all other members of the
parties for generous assistance and co-operation, :
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PHYSIOGRAPHY OF THE LAKES

In order that the distribution of Whitefishband-its food in:the var;gus‘
lakes examined may be fully understood it;isfnecessary,to give a short des-
cription of the physiography of these lakes,

Lake Winnipeg, (pH 7.7 - 8.4)

Lake Winnipeg is the largest and, from the standpoint of fisheries, the
most important lake in western Canada, It is 280 miles in length &nd the
greatest width is 70 miles, The area is approximately 9,460 square miles,

A large number of important rivers flow into Lake Winnipeg, the principal *
being: Great Saskatchewan River with its drainage area of. ‘more than 100, 000
square miles, Winnipeg River with 53,500 square miles, Red River with 116, 347
square miles, and Dauphin River, Numerous smaller, but still large, rivers
‘dncluding the Berens, Pigeon, Manigotagar, Brokenhead and others, also con-
tribute to Lake Winnipeg, . All these immense rivers running into Lake Win-
nipeg empty by one outlet;-the'Nelson»River, which has a drainage area of
approximately half a millién square miles and flows into the southwest end

of ‘Hudson Bay,

‘Lake Winnipeg lies on the boundary of the Archaen and Palaezoic deposits,
The eastern shores are composed of granite with many rapid streams leading.
from the eastern forested area, The western shores on the other hand are
built of Palaezoic. limestones and dolomites, with a few large. comparatively
alkaline tributaries from the western plains, With this is associated an
important difference in hydrogen-ion concent ration, which is of importance
in.connection with whitefish distribution and of some significance in connec-
tion with other aquatic fauna and: flora, with the exception of Saskatchewgn
River.where pH is somewhat lower. than in Lake Winnipeg propery

This'lake is readily divisible. into two portigﬁs from the standpoint. of
fisheries, The shallow southern epd{average depth 6% fath,) in which pike,
pickerel and sucker are the dominant species of fish, and the deeper more

~extensive northern portion, with average depth 9”5_9%.fathoms, in which
whitefish are abundant and in which large individuals of. lake trout (€risti-
‘vomer namaycush) are occasionally caught, The essential differences be- " .
tween these two parts are those of temperature, dissolved oxygen, composition.
of the bottom and distribution of whitefish food, Lake Winnipeg is a shallow,
lake with a flat muddy bottom which supports an extremely rich fauna, insect
larvaé, mollusks and amphipods being the dominant forms, In this way it is

admirably suited for whitefish culture,

Character of Water,

The average salinity]foruthe_whole of Lake Winnipeg,is approximat ely
220 parts per.millionjor 0922%; It is interesting for comparison to note,
that in ocean it is %;%'and in ‘certain alkaline lakes of Saskatchewan, .

In different parts of the lake the salinity. is not .the same, The
freshest water is distributed along the eastern shore due to the. influence
of- tributaries flowing from the granite plateau, Along the western shore -
the sources of such water. are comparatively small and the total solids in:

some places reach even 0256%,
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, Results of analyses of water from Lake Winnipeg and certain of its tri-
butaries and alse from the Nelson River in parts per million are given below,
TABLE T,

Analyses of ‘water from Lake Winnipeg and certain connecting waters
{(by Dr, Paul Hiebert, University of Manitoba)

| o Total | Min-| Org-| . | N
Locality, date solidg eral] anie CO3 (] Ca Mg S04 N03 Fe

Red Riﬁer near

Lockport, — 12,vi.28 | 564 |160 | 404 {293 |23 |33.8|17.21|125.2 | .08 .3
Mouth of Red 1 : i b : B k
fver, 1.vi,28 | 480 | 330 | 150 | 128,1 | 27.5 | 62,8 | 33,7 |118.5 | 167,14

Icelandic River,17,vi, 28 | 556 270 | 286 [ 217,4 | 4,5!15.8 120,1 44,8 | ,10 |,14
Traverse Bay, = 4,vii,28 | 100 26 74 | 28,21 none|13,7 _2,751 3.90|,04},5
Winnipeg Beach, 15,vi, 28 | 160 | 92 681 50,32 8,0 23,8]11.0 | 16,52 W107] .34
| 2 miles east off - Coe B B T R P
Drunken Pt, 15,vii, 28 | 130 62:| 68| 40,5} 4.5 21,71 8,24 | 14,0 .02 1.4
Middle of South- : -
ern Portion ’ - ' ' . ;
11 mb, 15,vii, 28 | 142 98 44 | 47,51 6,0125.7T 1 7.45 23,8 1,05 .8
Middle of Southw« : ] . '
ern Portion . : . ) o o )
Surface, 15,vii,28 | 124 90 381 44,31 4,5]23.9] 9.90 18,0 | ,0241.6
Black River, 14,vii, 28 80 26 54 7,92} 2,5 5,14 2,29 1,64 - ,8
Bloodvein o o . o : b
River, 28,vii 28 | 46 | 12 | 34| 7,24{Tracq 6,0 |Trace |Trace | -1 .2
- George id, 9.viii, 28 | 152 60 | 92| 43 114,01 14,6 18,8 20,1 -] .14
‘Pigeon Bay, ' a ‘ o ' i o o , ‘
Surface, 16,viii,28 | 100 | 46 | 54| 24,5 |Trace 17.6 | 5,82 15,8 | -."i .6
Pigeon Bay, ' L ' B - R o N
Bottom, 16,viii, 28 | 62 18 44 | 15,2 |none [11,1} 3,24 4,35 ~=1 .4 |
Pigeon River, 15,viii,28 50 10 | 40| 10,8 |none | 8,58 2,10 | Trace -~ 1,5 5
Esgle id, -11,viiisp8. | 200 86 | 114 | 67,1 [11.0 |35, 13,7 | 28,7 -= | ,5 >
Berens River, 12,viii,28 40 14 26 | 12,0 {none | 7.72 2.10 | none .4
Saskatchewan River, ; ' ‘ ' ' ‘ 1
near The Pas, 30,viii, 28 | 250 | 96 | 154 | 74,0 |none 39.3 13,0 | 27,4 =l 4
Saskatchewan River, ' : ‘ ~
Grend Rapids,11,viii, 28 | 214 {152 62 | 74,0 |'2,5 |36,75/13.8 29.7 - 12,0
Kettle River, 2,ix, 28 | 156 66 90 { 39,9 |none |31.6 | 6,84 |Trace «- {Trace
Nelson River, near ' ' ' ' ’ '
Kettle Rapids, 3,ix.28 | 252 (160 | 92 | 59.5 13,0 135,3 1115 | 24,1 | --7] .1
Cedar Lake . ix,28 | 272 [au- e 1 87,3 1 7.5 |~mca |asan- ———— e | -




1925 VI
VII

VIII

IX

X

S 1926 1

1925 vI
VII
VIII
IX

X

1926 I

1925 VI
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VIII
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X

1926 1

1925 vI
VII
VIII

X |

X

1925 VI

VII -

VIII
X
X

1926 1

June 1925

-5 -

TABLE II.

(by courtesy of Professor R, C. Wallace)

Red River at River Park, Man,

Sioz_ Ry03 ~ Ca Mg Na K €03 804 C1 22’{?}15 S;:g:gie@ 1
18,4 2,6 47,9 30,3 12,2 0,5 110.4 44.7 19.0 297.6  990.2
22,0 3,6 54,5 25,3 40,1 8,9 115,6 52,9 23,7 328,8 142.6
20,8 3.8 65.2 26,4 65,5 11,9 149.,3 99.3 61,2 - 487.0 26,2
1,2 6,1 76,7 27,9 80,1 10,9 165.3 131,2. 64,6 S0 35.9
21,6 22,8 62,0 38,8 76.2 4,8 .166,9 130.1 33,2 561,0 25.8
Red River a't;. Selkirk ,
14,8 1,4 63,1 32,7 46,5 6,5 1356 97.6 32,8 425,17  225.4
23,0 9,2 65,0 22,7 41,0 7,8 119.1 85.8 38,5 415,0 102,4
28,8 0,6 - 69.1 -29;4 60,6 6,1 126,9 121.6 52,3 504,8  118,4
36,0 18,0 70,2 29,5 65,6 4;5 139,6 125.8 62,0 559.6 S111.2
16,6 -~ 67,5 31,6 75,1 - 7.8 1356 135,2 85,6 546,2  172,6
12,6 16,6 80,0 40,3 71,2 8,2 182,4 144,8 58,0 640.4 1745
Red River at its Mouth Man, | |
= : ~. Ao P | | o
| 7.0 6,8 47,5 27,0 63,8 7,0 113.0 109,9 38,0 409.9  629,8
23,5 7,4 37.0 35,5 59,1 8,4 113,0 115,2 23,8 447,2 78,8
18,6 1.2 48,8 23,5 26,3 4.2 95,6 109,5 23,8 343,2 64,0
9.8 0,2 555 20,8 27,6 6,2 101,7 102,5 23,8 357,6 137.0
10,0 56.9 34,7 44,5 6,7 124,3 97,0 69,9  437,0 12,4
Lake Winnipeg 4 miles out from iRed_ RJ‘.vAerf _ -' ‘
16,4 12,0 27,5 13,8" 54,4 2,9 50,4 47,0 14,3 2240  296,0
27.8 8,2 36,4 14,4 13,0 2,8 43,9 49,4 29,0 223,8 81,8
5.4 1,4 25,4 16,6 18,3 3,6 59,1 34.7 20,9 189.6 17,2
9,4 0,2 26,1 10,8 11,6 3,8 56,5 21,2 14,3 156,4. 36,4
8.0 0,8 26,8. 14,3 17.7 - 4,2 63,0 25,8 19,0 ' 200,2 26,2
LakeWinni;aeg at Black Island, N
16,3 11,3 151 13.4 11,6 1,2 48,3 36.8 7,3 160;6 6,3
15,2 9.6 17,2 9.1 12,4 0,4 25.2 44,7 9,5 158,9 8,4
15,0 3,6 20,3 13,3 17,2 .4,0 252 31,8 11,9 169,8 . 18,0
1,8 0,2 .31,6 11,3 3,5 5.4 67,8 18,8 16,6 166.4 31,0
6,8 0,8 32,1 12,6 6,1 1,6 652 17.6 17,9 160,8 33,2
29.2° 17,2 32,6 18,3 6,4 1,1. 90,4 16,4 29,7 246,0 30,7
' Nelson River (IOutlet of Lak’e» Winnibeg).
6.8 0,2 31,6 4,6 15.5 2,4 36,5 49,4 14,3 160,1 4.5

et
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Color and‘light penet ration,

The color of the water in the southern portlon of Lake Wlnnlneg is dlrty

from the large amount of small particles of mud which are brought in by the
Red River ("Winnipeg" is Indian for "uddy water"), But further northward
this mud is slowly precipitated, the cclor begins to be more greenish-brown
(influence of numerous diatoms . as Asterdonella formosa, Stevhanodiscus niag-
aryge, etc,) and at last in the northern part of the lake north of Georges 1id,
The Waier is so clear that it appears green; The clearest water is in the
deepest places and in well protected bayg (Limestone Bay and others), 1In

many bays near the mouths of eastern tributaries (Pigeon, Berens; Black, Man-

igotagan, etc,) the water has a reddish-brown golor as a result of the in-
fluence of many peaty bogs situated along the shores of these rivers;

The color of the water depends on the penetration of the light or trans-
parency, which has an 1mportant influence on aquatic inhabitants, esoeclally
plankton vegetation, those primary elements of productivity of the lakes,
In connection with this we find in many well protected bays extremely rich ,
phyto- and zooplankton, a richer bottom faune and as a result a more abundant

- ichthyofauna than in the open lake, . From the same point of view we can say

that the northern nart of Lake Wlnnlpeg is more productive than the southern
part, :

Secéhi disk,

, TraVersevBay micmmmm e ———— .o b - ——— 1,00 mt,

Middle of Southern Portion =-see—me—-= 1,50 mt,
Narrow place near Gull harbor cememecw 1575 mb,
Northern Portiof wwem—mmecciceaccmanan 1,75 mt,
Northern Portion in Asterdonella fields 1,50 mtyg
Pigeon Bay ke - ————————— 1, 15 mb,

HYDROGEN TON CONCENTRATIONS IN LAKT WINNIP“G

pH locality . £© date | pH | locality 40  date
8.4 {Mouth of Red River [17.2 | 14.vi.28 | 6,8] Black River 22,0} 12,vii,28
8.2 [Winnipeg Beach 16,5 16,vi.28 | 8,0| Grindstone Pt, |17.0! 24,vii,28
8,25|Gimli 15.2 | 17.vi.28 | 8,0} Mathesson id, 20,1 25.vii, 28
8,3 |Riverton Bay (Riv, (16,1 17.vi.28 | 8,0| Whiteway Pt. 19,41 27,vii, 28
8.5 |Mouth of Icelandic {17.0 | 18,vi,28 | 7.6| % mile off mouthl
8.2 |Gimli (Gimli (17,8 4.vii, 28 at Bloodvein R.|20,0| 28,vii,28
8,2 |2 miles sast off [17,9 | 4.vii.28 | 7,2 Bloodvein River {23,0| 28.vii.28
8.2 {4 miles "™ v " {18.0| 4,vii,28 |} 8,0 | Mouth of Pigeon {20,1{ 8.viii,28
7.9 |Traverse Bay 19.0' 5.vii, 28 | 7.4 | Pigeon River  |24,5|17,viij, 28
8.3 |Middle of Southern - 1 7.45 Berens River 23,0 { 14,viii, 28
. Part 24,5 11,vii, 28 7.5 1 Mouth of Berens | 23,0 *l4.viii.28
8.0 |4 mile west off Mouth ' _
_at Black River 22,0 | 14,vii, 28 | 7.9 | Pigeon Bay 18,0 | 9.viii,28
8.2 |2 miles off Black L ‘ " '
River, Surface 23.0| 14,vii, 28 | 7.5 | Manigotagan R, |19,2 28,vi,28
7.9 {" * " mt,depth 18 | 14,vii, 28 | 7.5 | Winnipegow R, 17.9 | 27.vi,28
8.2 |4 miles off Black R\ - , o ‘ B
N Surface ~ [24,0]| 14,vii, 28 | 8,0 {Winnipeg River [16,4 27.vi, 27
8.0’_"' "ow 1l mt, 4, 16,0 14,vii, 28 6.5 | Whiteshell R, 18,0 l2.vi, 27
T | ! '

N
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Temperatures and dissolved gases,

As a result of the north and south direction in which Laké Winnipeg lies,
different parts of it have different temperatures for about half the year,
At the time when the southern portion of the lake is free from ice, usually
at the erd of May, the northern portion still contains pléenty of floeting ics,
which is brought from the northern shore by the cold "Hudson's Bay" wind, :
While in the southérn portion the temperaturs of the water is running up and -
many signs of a "hydrobiological spring" appear certain, ¢/g;; plankton organ-
isms, along the northern shore the lake is covered by ice.and there is still
& "hydrobiological winter", Besides the difference in latitude, the distri-
bution of heat is largely influenced by the difference in depth of these two
portions, The shallow southern portion heats more quickly in spring and
grows cold more quickly in autumn, than the deep northern portién, The first
ice appears always in the shallower bays of the southern portion. The lake

. freezes usually in the middle of NdVemben several days after the appearance

of the first ice in shallow baySéijThe thickness of the ice in céld winters
reaches 1,25 mt, - The freezing point of water in Lake Winnipeg will be be-
tween ~0,1° C to -0,39C,, depending on salinity, The highest temperature
observed near the surface was 28,59C (31,vii,28)near '

The following graph shows the avérage daily surface temperatures based on
three readings per diem, at 8 &;m;, noon, and 8,p.m, during the .summer,

As a result of shallow water ard turbulence the thermoclone disappears early
in summer and even in the deeper places we cannot find any big difference

_ between températures at the surface and at the bottom,

The folleing table shows the distribution of temperatures and dis-
solved oxygen in parts per million in Leke Winnipeg,

TABLE III,

g Between Ber- | Middle of | Black River Georges id,| Georges id, { Marrow ]
i ense id, and | Southern | Drunken Pt,| 11,viii,28 | 7.wiii,28 place |
Depth| Berense Bank | Portion 12,vii, 28 3 p.m, 9 p.m, Dot
; 10,viii, 27 | 4,vii,28 | 5 p.m, : |
xi‘ 1 pum, : - . _ i
| £°¢ 02 t°C 0y, [t°% o0, [t% 0o t°C 0y 1%  0p

0 17.4 ‘106 118,8 9,5 [23,8 10,3 | 18,5 10,5 | 15.5 10,0 | -0.1 25,6 |0

1 17.2 10,6 | 18,0 9,5 {204 10,1 | 18,4 10,5 | 15,6 - --  |40.5 25.0 |1 _

3 17 10,6 -117.6 9.9 119.6 10,0 | 18,0 - 16,0  -- - - 3

5 16,4 10,6 |17.2 «- [17.2 - 17,8 «- 16,4 w- -~ 24,2°C5
T 16,3 10.6 }13,3 10,0 16,8 - [17,8 e |16,0¢ - _— e T
i 9 15,9 10,6 }13.0 - 16,4 - 17,8 «=' 16,0 - - - 9
(11 ¢ 15,5 10,6 13,0 <o {16,2  -a 17.8 10,9 16,00 ~- - e- 11

13 15,3 10,6 |12,5 10,1 {16,0 11,1 117,7 == - - .l oe= 13
T T e B F1 5 A T PN ST T

17 - - - - - - 17,7 11,0 | -- N M
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The carbon-dioxide content of the water of Lake Winnipeg and certain’
eastern tributaries is nearly constant and varies between about 1.0 and 1,1
per million, s

During the work two deep sea reversing termometers "Negretti and Zambra"
were used, Determinations of oxygen were made by Winkler's method and of
carbon dioxide by the standard method of titration with 5 sodium carbonate
solution and phenolphtalein as indicator, Determination§“or carbon dioxide
were made by Miss B, Sharman in 1928,

Changing of Lével, currents, action of wind and waves,

In the southern portion we can remark only a very weak current from south
to north, it is mixed water from Red and Winnipeg Rivers, This scarcely per-
ceptible current becomes quite strong in the narrows near Winiteway Pt. .reach-
ing in vlaces 3 miles per hour, Another strong current can be observed near
Norway House at the beginning of the Nelson River,

During northern winds, particularly in autumn, the level of the south-
ern portion of the lake rises 2 meters, as a result of influx from.tke ex-
tensive northern part to the southern part, This reversed current is some=
times quite considerable in narrow places,

- These currents have their effects on ﬁhe distribution of temperatures,
dissolved gases and other hydrological.chahges, and have an influence on
the migration of whitefish, '

The water level in the northern part does not change very much, even
during strong winds, As a result of its meridional situation Lake Winnipeg
is well open to northern winds, and in September and October is always very
liable to storms, The waves ares so short and steep that not only fishérmen
are unable to go out with their 30-40 feet boats for several days, but big
steamers must take shelter in well protected bays, .

In general, stormy weather on Lake Winniveg has an essential influence
on the whitefish industry, '

Character of bottom,

Along the eastern shore of Lake Winnipeg is a narrow. strip of Precam-
brian plateau running down and forming many reefs and small islands, alter-
nating with considerable depths. Not far from the shore this granite plat-
eau passes under the ordovician~liméstone, which runs under the water and
forms the bed of the lake, Most of the limestone bed is covered with al-
luvial materials which may be roughly divided into the following categories,
gradually intergrading from 6ne to another:

(1) Boulder areas, This kind of bottom occurs in narrow and broken strips
in many places for quite a distance along the shore and islands, There are
broken pieces and washed boulders of limestons along the western shore and
granite rock along the eastern shore, This area never reaches considerable

depths and reprasents a comparatively smell part in comparison with the rest
of the lake, :
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(2) QGravel areas. Thdse lie next to the boulder areas descending deeper
and covering more space than the latter. This kind of bottom is interesting
because in many parts it forms spawning grounds for whitefish and on it the
whitefish fry passes its first and most dangerous stage of life, These

areas are composed of different sizes of small stonses and gravel, They run
in narrow strips along the shore to the depth of 4-5 mt,

(3) Sand areas. These areas are scattered over many parts of the lake
very often representing continuations of the sand beaches, They usually
run from O to 2 mt, .often near the mouths of the rivers and occasionally
they occur in the deeper places down to 12 mt, * This sand is yellow or
yellowish gray, the particles having a diameter of 0,05 - 0,25 mm, , ¢om-
posed of nearly pure silica., The whole of these sand areas form a com-
-paratively small part of the whole laks, '

- (4) Humus areas, These.areas of deposited vegetable matter are always
in connection with river mouths or with a breaker zone and reach in some
places a depth of 6 mt, They are rich in organic stuff, rotten pieces of
vegetation, etc,, populated by a great many bottom organisms, Often such
bottom altemates with rock and sand. The total amount of such places
represents a greater part of the lake than the sand areas,

(5) Mud bottom area, This area covers the largest portion of the bottom
of Lake Winnipeg, taking up about 7,570 square miles, It is relatively flat
situated from 5-6 mt, at the deePest places, . It consdists of 'soft, very fine
black or dark grey mud, the particles of which measure 0,001 - 0,005 mm,,

- together with a considerable amount of organic matter from dead plankton,
In places this mud is mixed with sand and clay,

(6) Clay areas, Clay bottom occurs in a few places in the Northern part
-of the lake always at a considerable depth and in vatches of varying size,
among extensive mud bottom. ' In some places clay occurs at a depth of 18 mt,

LAKE WINNIPEGOSIS (pH, 8,4 = 8.6).

From the point of view of whitefish production, Lake Winnipegosis ranks
second in importance in the western Canadian lakes, In the province of Man-
itoba this lake ranks next in size to Lake Winnipeg, It is a large shallow
~ lake with an area of 2,086 square miles, and is relatively saline as compar-

ed with Lake Winnipeg, although the alkalinity does not approach the limit
of tolerance of the common fish, :

The most important whitefish grounds are found principally in the deeper
northern portion of the lake, thus forming an interesting analogy with the
distribution of the same species in Lake Winnipeg, In the northern vart of
the lake from Cormorand Island to Dawson Bay a common sounding is 35 feet or
slightly more, North of Whiskey Jack Island the lake is about 60 feet in
depth, The southern portion of the lake is very much shallower, usually
about 15 feet deep, The conditions in the southern part of the lake appear,
to be quite definitely unfavorable for whitefish during the period of warm
weather, As a result of the high temperature, the dissolved oxygen content
of the water is very Iow, and a number of dead whitefish and cisco were
found floating on the surface between the Meadow Portage and the town of
Winwnipegosis,. But in ad%umn, when the water is cold, a number of whitefish
comd from deeper places to spawn near the mouth of Waterhen River,

BRI |
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Character of Water.

There is also a distinct difference in the nature and amount of the
dissolved salts in the northern and southern parts of the lake. The water
in the northern portion of the lake has about 1200 .parts per million of dis-
solved solids, while the waters of the southern part have about onme half this
amount. This is to some extent the result of the dilution of the solution by
the waters by Mossy River, an important stream which empties into the lake at
the town of Winnipegosis, and has a drainage area of about 4,000 square miless
The total solid content of the water of this river is about 300 parts per
million, There are numerous salt springs draining into the lakes

Analyses of Water from Lake Winnipegosis,
and certain connecting waters.

TABLE IV. (by Miss B. Sharman).
(in parts per million). :

‘ ‘ : o Total  Alkali-
S$i0s | Fe " Ca Mg {other C1 50, Solids nity as
solids ‘ cacds__ |

Lake Winnipegosis,22,VI.27 ' ‘ 16 '
nsar Snake ide Surface. | 8.8 12,61 46,04 |0.,65 366454 116840 [47.35] 600.° 149.9

L ISR

§

Leke Winnipegosis,22.VI.27 |
near Snake ide 3 metres | 9.0 (2.61 | 44,8

16640 {55.5 | 720,  149.9

e A

PRUPIDE

Tieke Dauphin’ 3OQVIII027 ' o ‘ ) ‘
near the source of the 1eO |35 |42.0 1.0 15, 4943 / 280eq 139.9
_.Mossy River : ' :

| m—

CYPPENIES

o

TABLE V. v
(in parts per million).

Lake Winnipegosis, near Dog Island, 5.III. 28,

Coldur o.-v-oo.oono.l4 (approx) cl............--427.0
Turbidityeeeseveess. 7 (approx) 504eceescnesesseal’d8a0

Total SOlidi?l' 00901265000 CO ..........-..194.0
Ca AL B A N B N IR ) 107'0 Aléalinity'.... 324.0
NIg S e tePONIOECEIES VO 54.0 Sioz..-occc_".i 6IO

Na sresceses e 0 v 270.0 Feo + Al. esece e 2.3
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| TABIE} IV.

(By Dra Pi Go

1-

ﬁiébeft,yin part per miiliéﬁ)s
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Secchi Disk is about 1.75 mt.

Temperatures and 15 o
much from Lake Winnipegs The following Table wi

conditions,

dissolved gases in Lake Winn

Lake Winnipegosis.

ipegosis do not differ very
11 explain these hydrological

Locality  Date Total Mine: Orgas | - T
Solids ral nie €03 e1 Ca . Mg . =80, N53 Fe
Near Snake ids 25.Ve22 550 336 184 94 164 52,5 25.5 70,6 o1 0e1
Near Red Deer  27,7T,23 558 336 224 81.4 207 43.2 21.8 60.6 Lo0L: $ 05,
Pt' .
‘ Near Salt Pt. 27«Ve28 656 192 464 85.4 1965 42.0 23.0 7?51 «0ls ,16.
Between Long Pt.
and Cormorant ' . y S
id 1Xe25 1708 292 416 82,3 226 4641 26.3 Tde6 o1 els
Kear Whiskey o v , ‘ | - ' '
Jack TXe28 636 254 382 82.9 208 479 24400 69.5 _ a4
Between Fox Pt, ‘ . '
and Pemmican - ‘ _ o _
id. IXe28 640 270 370 81{0 204 48.6 26;q 1261 Trace
Othér conditionse
The water in Lake Winnipegosis is clearer than in Lake Winnipege  Average of

. 3 miles east of
. Snake TIsland.

2 miies‘Wéstbe
- Snake Island

2 miles N.W. of -
Snake Island.::

22,VIII.27 24.VIII 27 284VIIT,27 .
12 noon _ i L pemy 12 midnight, . =~
pth Temps "Dopth  Tamp, Depth . Temp, D
b 27429¢ O mt. - 29,00 0 mt 22499
22,5 1 22,6 1 2249
21.8 2 2244 2 2249
; 21-3 3 22q3 3 23‘0
; 21,2 4 22,2 4 2340
. bemp 27,86 JAir tomp., 38,690 Air temps 204090




IABLE VIT (contd).

Oxygen at surface =24, VIIe 276 = 102 p. pe m.
Oxygen at bottom (4.5 mt) 24, VII. 27e= 3 pepem.

Whiskey Jack (Surface).

—

8 a.m. 12 noon 8 pem, 02 at noon
90XXa28 10.0°¢ 11.49C 10420C 114
10eIX428 : 11.7 17.2 1340 1le4
1201X028 . 1301 1409 1509 ’ 11.3
Devils Ide  (Surface)
160IX428 11.0 14.4 1649 1042
Snake Id, .(Surface) |
290028 o =0.100 44,3 -0.1 1648

The bottom of Lake Winnipegosis has a differemt charaéter from Lake
Winnipege There are no big rivers to bring in large quantities of mud

humus. As a rule the bottom of Lake Winnipegosis is somewhat harder, covered by ,:

dead mollusca shells and Chara, although we can find in many places a very
soft mud, similar to that of Lake Winnipeg. . :
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LAKE MANTTOBA. (pH: 8.3 -8.6.)

This is the next in order of size and‘impqrtance after the two pre-
viousllakaa,_ The area of Lake Manitoba;is 1,775 square milese. It ig

of about 5-6 mte (maximum 7 mt.).

The whitefisgh industry stands third in importance following the pickeral
and tullibee fisherjies.

Hydrological conditions in this lake differ from both the previous lakes
a8 a:result of shallower water, but in general are similar to the southern
portions of Lakes Winnipeg-and,Winnipegosis- The transparency of the watex
ig higher than in Lake Winnipeg and less than in Lake Winnipegasise Secchi
disk disappears ai the depth of 1.62 mts  The bottom of Lake Manitoba is vers
gimilar to Lake Winnipegesis. , '

The following tables will show the chemical composition of water, tempor-
atures, and dissolved oxygen. ' ~

TABLE VIIT,

Analyaes_of'Water from Lake Manitoba, in parts per million.

L Total . Miner- Orgame - T N

- Locality, Date, - solids al " ‘jg Co; - a1 Ca Mg so, as

The Narrow viiie28 628 200 428 90,5 204  11,1.. ~3Te4 9045
Valichorn Bay viii.28 628 234 394 136.7 154 4540 48,7 72,9 ’
Svep Rock Bay 10eviiie28 614 186 428 87,9 196.0 38¢2 35,1 87.9 N
Tlm Bay 254viiie28 414 194 420 84.8  201.5 37,2 39«2 87.8 -
Cak Point 4e ix. 28 758 392 366 113.3 1133 3246 51.9 110.4 NG

Detween Elm Pte .




fewperature and Dissolved Oxygen,

lake wanitoba, (Surface).

Remarks: at the bottom 3-3% mt. the temperature never
varies from that of the surfacs by more than
three degrees,

Date,P iace 84, 12 8P, 0y Date,Place BAd, 12 8 P O,

' noon noon : i ... BoOn .. ... mnoon,
Fairford, Air 24,7 24.8 20.0 Elm Bay 19,0 21,0
7. VIII = Water 21,8 22,0 21,0 9.8 16 vIIT 20.0 22,0 10.1
Steprock -

Bay - Air 21,0 24,1 19,6 Watchorn 21,5 21,4 21,0 *
9 VIII Water 21,0 23,5 21,9 Bay 20,0 20,6 22.3 9.0
‘ 17,VI1 |

lo,viIz Air 21,2 26,2 22,0 19,VIII 16,5 .8

11,virx Air 22,6 24.6 Nathison 13,5 19,0 1.9
Water 20,2 23,2 : Bay - -

| o 20,VIIX 17,0 19.6 19,9

12,viig Air 23,9 26,0 21,0 Dolly Bay 14,2 ‘19,1
Water 21,3 24,0 22,6 9,9 21,yIII 1.8 19,2 9.1

13,VIIT  Adr 21,5 23,6 21,4 24,VIII 12,0 16,0 13.4 .

‘ Water 22,6 23,7 23.5 13.8 15,3 16,2 11,0

14,vI11 Air 18,7 21,6 19,5 25,VIXII 13,9 1.8 15,5

Water 22,1 23,0 23.2 10.0 B9 b5 b7 0.6
Blm P4, Air 4.6 19,6 20 20,VI11r 11,4 15,5 |
15,VIIz Water 20,2 21,0 21,9 10,1 14,0 15,0 10,2
Garlson BayAir 2.2 4,7 14,9 Sugar Bay 12,5 17.8
27,VIiiz Water 14,2 15,0 15,4 10,6 3L, viiz 2,1 1,8
Dog Creek Air 13,2 21,0 15.8 - 12,5 %,2 13,4
- Bay,28,VIII Vaterld, 1 4,5 6,9 0.2 1,1x 3.5 17.5 15,2 10,4
29,VIII  Air 12,0 14,0 9.2 Swan Creek 11,6 15.5 10,5
Water 15,5 16,9 4.5 2, 1X, 3.6 4.8 14,5 10,8
BElm Pt, Air 12,5 15,1 li_o Swan Creek 10.8 15,2 13,6
30,VIII Water 12.6 14,6 15,4 11,4 3Bay 4,0 15,0 15,6 8.0
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Fairford (near shore) : Féirford (5 miles from shore)
27,VIII, 27 1 p.m, 27,V1II, 27  1p.m,

Surface 19,80 05-10,6 Surface 19,6% 0, - 9,0
lmt, 19,5 . 1 mt, 19,6
2 mt, 18.6 ' 2 mt, 19145
3 mt, 8.8 0y -39 3 mt, 19,4

: 4 mt, 19,4 O - 9,9
Lake St, lartin, (ph, - 8.45.)

This lake is situated between lake Lianitoba and ILake
Winnipeg and connected with them by Fairford and Dauphin
rivers, This is a smaller lake with an area of 125 square
miles, Chemical composition of the water, alkalinity,
temperatures, disso lved gases, and also fauna of this lake
are intermediate between lakes Winnipeg and lianitoba, This
is a shallow lake with large areas of hard bottom, which
forms good spawning grounds for whitefish, This lake is
important and interesting because large sheals of whitefish
migrate there every year, at the end of October, from ILeake
Winnipeg, through Dauphin river, and spawn in a narrow
place in Iske St, uartin, at a depth of 2-6 feet,

Waterhen .ake, (ph, - 8.4,)

This small lake, with an area of about 100 square miles,
lies between Iake Wimmipeg and Iake Waniteba, All hydro- °
logical ang hydrobiological conditions are very similar to
leke Winnipegosis, The water is quite clear, (seechi disk -
L.25 mt.); pH - 8,45-8.5, The Llake is quite deep in the
middle, where whitefish find a good feeding ground, This
Lake is very rich in amphipods and insect larvae, he am~
phipods are so common that they very often destroy gill
nets, This is a very productive lake,

Analysis of water from Waterhen lake, October 28,1923,

3

in parts per million,

Total solids iiineral Organic 03 Cl, Ca, lig., S0, Fe,

5807 290, 590, 63.3 185, 745.7 24.87 73,57, 1




Dauphin Iake. (ph. 8,35.)

This shallow lake with an area of nearly 260 square
miles, is situated twenty miles south of¥ iaké Winnipegosis,
to which it has an outlet, RS

Hydroibgicalaoonditions are somewhat similar to the )
séuthern part of Iake Winnipegosis and are not very favor-
able for whitefish, The water is very muddy. The iske is

not importart for whitefish industry and is stocked artifically

with whitefish fry from Winnipegosis hatchery,

Atikameg and Cormorand lakes,

Atikameg leke is situated on the Hudson. Bay Railway,
seventeen miles north of the Pas, It is quite a large, very
clear and deep lake, being about twenty miles in length and
twelve miles wide, The maximum depth found was somewhat more
than sixty feet. It has one outlet of moderate size into
Comorant lake, a more or less similar lake, situated a feow
mi les to the notth, o

- As a result of its northerly situation, and the mature
of the surrounding country, Atikameg iake differs very much
~from lIekes of the prairies, and is of a distinctly northern
or alpine type, The water is very clear and has a faint blue
color, The fish fauna is of & type characteristic of such

. lakes, whitefish and lake trout being the characteéerigtic
- specles, The forest comes very close to the water's edge,

There are very few sandy beaches along the shore line, and
the shores mostly consist of limestone and dolomite rock and
stones, The western shore is as yet unexp lored but doubt less
has the pame character as the rest of the shore lime,. No
change of level was noticed on the lake, :

The bdttom of the lake is mainly stony, in deep places

~ covered by a thin stratum of mud, In many parts of the bottom

~there are big pietes of limestone which are quite easily seén

f ,even in deep places, Some of these stones are of such a reg-

Ular, rectangular shape, that they appear as if made artific-
ia tly, These stones are brought by floating ice, 1In some
places near shore, the bottom is covered with gravel and sand,
which form good sSpawning places for whitefish ard lake trout,
Only a few places in shallow bays are covered with water plants
(Potamogeton and Myriophy llum) and near shore with water moss,
Amb Iystegium riparium L,

e



Chemical composition of_ waperl Digsolved Oxygen and Temperatures,

 The small percentage of chlorine ooourrlng in Atikameg
lake is very characterlstlc

The results of water analysis are given below in grams
per mne willion c,c, of water;

Si0, - 7.0
Fe : - 4,702
Ca - 19,208
Mg - 14,662
K, Na, id ' - 41,370
50,4 - 47,29
ol : - 8.0
Alkalinity (as CaCOy - 138,27
vH - 8.4

The temperatures of the water in the lake were as
follows:

19,v11,27, 6 P, Sunshine, quite,
Air 21,4 C, 8 m, 15,8 ¢,
Surface 17,9 C. 10 m, . 15,7 C.
1 m, 17.4 ¢C. L2nm, 15,0 C.
3 m, 17,0 C, 18 m, 13.6 ¢,
5 m, 6.7 C. 20 mt, 13,6 C,

Distribution of dissolved oxygen was as follows:

Surface 14,6 parts per million,
20 mt, (near bettom) 2,0 parts per million,

As a result of the very clear water,(Sechi's disk -
14,5 m,) the light penetration is very_great so the ther-
mocline was not found in the lake in the middle of July,
(A similar condition has been found in the alpine lakes
of Jasper Park, )



,Clear‘iaka'. (pH, 8.4,)

Clear iske is situated in Riding liountains, Maniteba,
This small lake has an area of about 22 square imiles and
is interesting for comparison with the other Llakes of the
Prairie Provinces,. As a result of its high altitude, and
the nature of the surrounding country, clear Ilake differs.
very much from the lakes of the prairies and tends rather
towards an alpine type. '

It is a deep lake with maximum depth in the southern
portion of somewhat more than eighty feet, the northern
portion being less deep and well covered w1th Potamogeton,
The water is very clear, Secchi disk disappearing at a
depth of 6 mt, This lake has one fairly good sized outlet
and several 1n1ets.

Analysis of water,
August 1928, Parts pex mitlion,

Total solids Miperal orgéﬁié. 995»Q£> §ﬁA Mgfi ééj' ﬁé:

240 130, 104, 96,8 3,9 32,6 28.3 35.8 .1

Whitefish are very common in thls lake, but have no
commercial value, ZFrom the ichthyological stand point this
fish is very 1nterest1ng and represents ) dlfferent geograph—
ical subspecies, ~

Plankton,

Taking 1nto consideration the great 1mportance of plank~
ton in the alology of whitefish we undgrtook extensrve studles
of plankton in the Prairie Iakes, Thg lnvestlgations of
the larger lakes dealt in more detall with the plankton of
lake Winnipeg, while the observatiqna on. ‘the other lakes were
made for purposes of comparison, As a sample of the Northern
lakes, situated between lake Winnipeg and Hudson Bay, we
ch;se Atikameg Lake (negr The Pas) a8 gw_ gal whltefish B
lake, , L, L

Plankton play a great; part gn the 11fe histagy of wﬁi %k
fish, Firstly nganlsms rYepresent.direct  food for
Whiteflsh ik /08 sfy@nn@ fishes, during their first, and te
sqme extentj second years, are chiefly. plankton-feeders )
Secondly adult fish, being bott geders, feed on those
animals which are themself main ;ankton—feeders.”‘From
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this standpoint we can see that plarkton studies should
form an impsrtant part of whitefish investigations,

Collection samglééi}épparatus;-ﬁethods,

The collectiony were obtained from ilakes Tinnipe.,
maniteba, Winnipegosis, Dauphin, §t, lertin, Weterhen,
Cedar, Atikameg, Cormorand, Clear, and other lakes and
rivers, inciuding Nelson and Saskatchewan rivers, The
largest collections were secured from the three most im-
vortant lakes in the Prairie Provinces, i,e, lakes 7innip-
eg, uénitoba and Winnipegosis, The total number of samp les
taken from these lakes, durlng all the seasons, is over six
hundred,

All plankton fer quantitative work was collected with
two special galvanized iron plankton cylznders, vo lume ten
liters each, These cylinders were each fitted with a 1lid,
and a bottom, in the fork of two semicircles hinging in the
middie and acting as valves, which gpen as the apparatus
descends, allowing the water to pass freely, out close as
soon as the cy linder stops or is drawn up. The water coll-
ected (usually 50-100 liters).from the desired depth in this
way, was then strained through an Apstein plankton net and
carefully drained from the bucket inte vials, ALl plankton
was preserved in 3% formalon, Temperatures. were always taken
with plankion samples at all depths, Water samples for
deterwination of oxygen were taken when possible at the same
time, For vo lumetric determination of plankton uge was me de
of special, graduated tubes, half & meter in length and with
a diameter of 5 mm,, in Whlhh the plankton was allowed to
settle for 24 hours,

Qur experiments show that the volume of plankton in such
tubes does not change, or changes very little, during the
peried from the first 24 hours to one year,

In addition to settling tubes a hand centrifuge was used
for quick determination of volume of the plankton, The vol-
umetire estimation of dlfferent species has been already
discribed by the author, in his former report on "Quantitative
and Qualitative study of the plankton of Jasper Park iskes",
(1927) and several new experiments for separation of diff-
erent animals by means of different specific gravity, (in -
NaCe solutions and washing out smatl diations from larger
copepods and phyllopods were performed,

ALl samples obtained have been carefully worked through

t



and as many different species .as pessible identified in
each collection, '

In connection with the study of the cireulaticn of
the srganic and mineral matter in whitefish biology, sev-
eral chemdécal analysis of the most oharacteristic plark-
ton samples, as well as of different species, have been
made by Dr, Paul Hiebert, at the University of Manitoba, -

‘Composition of Plarkton in Prairie lakes, -

, Generally speaking, the plarkton of the Prairie Lokes
is very rich, both in species and individuals, - About 200
different species of plarnkton organisms have been identi-
fied in the lakes examined, ‘'The number of species of phyto-
plankton is only a little greater than the number of species
of Zooplankton, Of course not all species of the plankton
organisms have the .same importance in the biology of the
whitefish, many species of %xgpphzcea@,and Chlorophycead.
being useless or almost useless and hence not forming a
part of that oircle of organic wmatter which includes the
whitefish, Nevertheless the most abundant and widely dis-
tributed plankton organisms, such as diatoms, phyllopods,
and copepods are of first importance in the life history

of the whitefish, It is very diffécult to estimate the
importance of gneéh and -bluegreen’algasyrmany ofiwhick
undoubtedly represent food supplies for small crustacea.
The importance of small crustacea as fcod for whitéfish fry,
we can see from the second part of this paper., As is
shown by chemical analysis of these plankton organisms, .
they represent an extensive scurce of phosphorus and al-
bumens - the foundation stones on which the development

of the skeleton and musc les of the fishes are based, The
most important for whitefish fry are the genera: Bosmina,
Daphnia, Alona, Chydorus, isptodora, Cyclops, which con-
‘tain all the necessary e lements for ouilding up the body

of young fishes and are extremely common organisms in all
the lakes exawined, ‘ ST

- The part played by diations consists principally in
the feeding of certain insect larvee and amphipods, which
represent. food of adult whitefish, The stomachs of Chir-
onomidae, Hexagenia and Phryganidae are full of Stephano-
discus migRaise, Asterionella formosa, Lielosira, Tabell-
aria, Kragi laria, etc,, and these diatoms, together with
sma [L crustacea compose about 90% of all the p lankton;




&
4

The three large prairie lakes: Winnipeg, Manitoba,
and Winnipegosis, each possess a distinctive plankton,
fauna and flora, while in the best whitefish lakes, i,e,
Winnipeg and Winnipegosis, the plankton consists chiefly
of diatoms, copepods and piy llopods, in Ilake Manitoba,
which is not so important as a whitefish lake, green
and blue-green algae predominate,

Horizontal and vertical distrioution of plankton organisms,

The horizontal distribution of the plankton depends
mainly on depth and accompanying hydrological conditions,
any gigdocqzi which are abundant above deep waters do
net occur in shallow places, This can be explained by
the vertical migration of the plankton, For instance,
ieptodera, Daphnia, iimnocalanus and partly Fpischura,
being_negatively-heliotropic animals, and living in deep
pleces in iske Winnipes, often during gloomy weather, rise
near the surface, even during the day time,

On the other hand such organisms as Chlorophyceae and
Lyxophyceae are distrivuted mostly near the Surface and
only sink down at night,

There is a very interesting "insular® distribution
of certain plankton organisms, For examp le the alga
Aphanizomenon flos-ggquae, which very abundant in the
southern portion of the Jlake Winnipeg, is not equally
distributed over all this area. 1In places it forms a
carpet on the water and in other places does not occur,
although all conditions seem to be the same, This is well
shown on fig, III and IV.

A considerable influence on the distribution of p lank-
ton organisms is exerted by the chemical composition of the
water and particularly the alkalinity, Thus, many species,
which are widely distrimuted and common along the eastern
shore of laks Wimmipeg, hardly occur along the western
shore, 1In shallow bays the plankton is - richer, both in
Species and in individuals, There are many Phyllopoda and
Chlorophyceae, which do not occur in the open lake, and
though of minor importance to the whitefish, these often
form a scurce of food to other species of fish,

The following graphs illustrate the vertical and horiz-
ontal distribution of the most important plarnkton organizms
in Lake Winnipeg,
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Seasonal variations of plankton,

From the point. of view of fishculture the study of
seasonal variation of plarkton is one of the most im-
portant problews, During the latter part of winter and
early in spring, just before the hatching of whitefish -
fry, in iake Winnipeg and wany’ other Prairie lakes, the .
plankton is not rich, either in species or individua ls, and
is composed chiefly of copepods and diatonus. The prin-
cipal ipecies,are= Diaptomug sicilis?“Dieptomis ashlang
several species of Cyc lops, many. %au Liig " Melosira, :
Ste hanodiScus,,Gomphonema:andeurire.TETJ This plankton '{
is distributed almost equally through the lakes, becoming
less rich near shores, =~ - T R ' P

As soon as warm weather comes and the ice begins to
go back from the shore a very rich fauna of small phy -
llopods and other sma.l erustaceans begin to appear, and
spread out farther and deeper from the shore as the ice
melts and the temperature of the water rises, This begin-
ing of the "hydrological spring" usually occurs early in
May, when the hatching of whitefish fry takes place,

The characteristic plankton animels, at this time, are
Bosmina, Chydorus, Zurycercus, PleuroXus, Acropterus, »
AIona,,Alonella, koinz, Cyclops, Diaptomus and Ostracoda,
All these animals represent food for whitefish fry. On
the early and inco lent development of the plankton depends
the crop of whitefish fry.

If an early and cold autumn is fo llowed by a late,
cold spring, the whitefish fry may not find enough food,
Through the summer these small crustacea are always quite
Plentiful, Daphnia longispona, which probably forms also
one of the wost important foods of young whitefish, reaches
its maximum aoundance in the middle and latter part of
the summer, At the time greena lgae and diatems?especially'
Asterionglla, Tabellaria, Stephanodiscus) reach their
maximum abundance and support certein inseet larvee, which

~are feod for adult whitefish,

leter in the summer and autumn Leptodora. Kindtil,

~ddmnocalanus macrurus and Epischura lacustris seem to be

- - -

more ajvundant,

In different lakes of the Prairie Provinces we find a
great variability in wmeximum abundarce of different species,



Thus _.rhanifcmenon flos-aguae ~ 1t

lake "innipeg, from July to September,
Lake Manitoba, but is repl

pisum,

have been carefully worked through and as
The follow

identified in each collection.

in the Table Orrosite the name o
in which they were obtained.

LIST OF SPeCcIm

Myxophyceze.

Aphanizomenom flos~-ague Ralfs

Anabaena circinalis Raben

Anabaena flos-aquae Bree

Anabaena lemmermanni Richt,

Aphanocaysa elachista est

>hroococcus limneticus Temm.

hroococcus turgidus Nag.

oclosyhaerium Kuzingianum.ﬂag m

loeothece linearis Nag.

erismopedia glauca Nag.

icrocystis aeruginosa (Kutz)

ostoc commure Vauck
L2 YOG commune

scillatoria apardhii Gom.

"cillatoria limosa Ag.

mgbia major Uneg.

vularia pisum (Ag.)

A - abundant
ILC ~ less comm

VC -very commons C - commons;
’n - R ~ rare.

- Lake
VWiinnipeg Menitoba
A

Lo

A

IC

LC

IC

IC

TLake

IC

f the species and under the

TLake

he most abundant alga in
does not occur at all in
aced there by another alga Rivularia

many species as possible
ing letters are rlaced
locality

Lake

Winnipeg-AAtikameg

0sSis.

IC

IC

IC

IC

LC

LC



Chlorophyceae,

iake [ake

LV

iske

Wpe. Manitoba Winnipegosis Atikemeg,

Actinastrumrpgntzschii_
L ger,
Actinastrum grecillimum

. e

G, Smith,  10C

Botryococcus @rauni Kutzy ¢

Cladophora Sp. LD

Closterium moniliferum ¢
Ehr, _

Closterium sp. R

COelastrum<ggcro§Rg;pg‘
Nag, C

Cosmarium menghinii Brebl C

Cosmar ium dotrytig
_ - Uneg, C

Cosmariwm sp, LC

Crucigenia quadrata Morren
LC

Cruc igenia rectangu-—
laris (Hag,)

Cosmarium reniforue(halfs)
LC

Distyosphaergyg; A
pulc “g}_g' 1.111.333 Wood,

Draparnaldia glouerata Ag.R

Juastrum sp R

Fudorina elezens AEhrbd, C

Hydrodiction retioulgtum

T Lo

L

WO "M o a o

Lc
LC
LC

L ¢

LD
v ¢

R
C

o

L¢

LC LcC
R

Lc LC

w |



Chlorophyceas cont'd,

_‘breb

Leke inke anitove iake Atikameg
Wpg. Winnipeg- lake,
08is .
klrchnerlella obesa _
(WestT, Lg
Micrasterias sp. L¢ L¢
Microspora sp, ~ Lg L Lg
Mougestia Sp. R R R
Bocystis lacustris Chad, C c LC
Oocystls solitaria Wittr. )
, L c Lc
Pedlastrum @orzanum o
: ‘Uneg, vV C Y C v C C/
Pedlaatrum d lex |
Uneg., vV e Vv C v <e C
?ediastrum du plex
Meyen, var, o v C v C Vv C
Pediastrum_@iradgﬁyupwh e
Uneg,
Pediastrum integrum Nag, C R R
Pediastrum tetras(ehrb,) C
Pediastrum simplex
lieyer, C C C R
Pediastrum s;mplex
lieyer, var, - C c C
Bhigoc lonium hiere-
gliphicum XKutz, c C
Scenegdésmus Biiggatus
“Kutz,. L C
Scenedesmus guggrlcanda A A A

L ¢



Chlonophycaae cont'd, ‘ ) »
' © inke, lake Lake Rtikameg
Wpg. Manitoba Winnipeg- ILeke,
: 0Sis
Stigeoclonium_sp. - LcC
Se lenastrum S7P. C L C Lc
Sphaerocystis schrae-
teri Chodat, - L e
Stavrastrum érevi spinun i
© Brebo, L C R LG

Staurastrug;wgeptoc-
adum Nordst, R R ?
Staurastrum sp i L¢ L
Spirogyra sp. ' R R
Tetraspora gelatingsa

' (Vauch) C C
Tribonema sp. R R
Ulothrix zonata Kutz, L ¢ L Lc,
Zygnems sp., C Le LC
Bacillariaceae,
Amphiprora ofnata,Bail, ¢ C
Amphora ovalis Ehrb. L L C LC
Asterionella formosa Hassd R c A
Campylodiscus sp. LC
Cocconema sp, c
Cyclotella antigua,W.Sm, C c c
Cymatopleura sp. C C C




Bacillariacsasae cont'd,

ke iske  lake Iake
Wwpg. Manitoba Winnipeg-Atikameg,
: .___osis,
meeuasg. C
Denticula infanta
Smith, C Lc

Distoma e longatum Sg. ¢ c
Epithemia givba Kutaz, : LC
Epithemia turgida(mhrd) ¢- ¢ ¢ c
Bunetia sp., - Lg Lec Le L ¢

| Fragilaria crgg%gensis ' ' .
' A Y C A A

Fragilaria capuycina
- Desmaz, R

Gomphonema acuminatum Ehrp,
' . LC ' L

Q

lelogira granulata
& Baro, vV C Ve v ¢

luelosira Yarians (Ag.) V C ve A e

Navicula exilis Grun, &L {

Navicula radiosa Kutz,

var, acuta.w Smith  V C c  Lg
Navicula viridis XKutz, L C L
Navicula sp. Lg LC LC C

Nitzschia linearis ' ,
T Smith R R

Pleurogsigme attenuatum ~
W, Sn, C ¢ LG ‘ C

Rhizosolenia morsa e
W.& G,West, V C R R ?



Bacillariaceae cont'd§;

inke - lake  lake Atikameg,
Wpg., Manitoba Winnipeg~ ALeke,
- 0sis,
Rhopaledia gibba.
0.F, mull, Lc Le
Stephanodlscus piageroe
. Ehro, © A L ¢ L¢ Lc
Surire ll=a qyg}&g_ﬁreb.
var, ovata kutz, L C Lc Lc LC
§urirella spifalis? Lc
Surirella sp, . . Le LC L LC
Synedre salipa W.Smith, L C R Le c
Synedra sp. o C Lc C LcC
Tabellaria fenestraté
Rutz,” A v e v e A
Tabellaris £loculosg‘ .
Kutz, . C LC LC Lc
Flagellata,
Ceratium hlrundi/meLla
O.F, Mull L ¢ 4 C LC i C
pincbryon gertularia. .
Ehrb, Vv C C C C
Dinobryon stipitatum
Stein, C LC L C
g}énodinium pulvis-
culus Stein, = c- LC LC
Peridinium tabuletum
garp, R . R R c
z;achelomonas"sg, L¢g.- R
‘Botatoris.
Anuraea aculeata ghrp, V C vV C vV e



Rotatoria contfd ’ N R
Lake Lake - iake ' Atlkameg

ng, manitoba Wlnnlpeg— lnke.
: ‘o5ig, A
Anuraea cochlearis A Vv ¢ vV C v C

Goszge,

Anuraea cochlearis
Gosse var,Tecta

Asplanchna priedénta R V C Lg
‘ Gosse

Elanchnoggs myr-
meles ghrb, R

srachionus angu l.
arls Gosse Y

Brachlonusﬁgékerl B _ _
Mall LC 4L¢ & C

Brachlonus fekeri
Muil, var, entzii .
(hrcnﬁei L Q c

Brachlonus 6 Keri
Muil,var, grev1sp1nus

ﬁhrb.» C
Brachionus pala Fhro,C LC
Cathypra lupa Ehrb, ¢ ¢ o

Céthypna‘gpgulagi ? C

Co lurus grallator
' Gasse LC C

Co lurus sp. o

Cochleare turpo .
’ Gosse, L C

Conochilus unif
cornis Roussel

Diplax S5R.

Dipleis davieziae C
Gosse

L
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Rotatorie cont'd,
inke Iake feke Atikameg
wpe., Manztoba Wimnipes -~ icke,
osis. '

—p po— B e

Distyla inermis P :
© Bryee, B Lo Lc

lMionostyla qpadrl-"*‘ I T
dentata Ehrb, B Ry

Monostyla lunarls ’ L
Ehrb ¢ L,C_

'Noteus quadrzcornis~~ R
» ' Ehrb T ¢ ? / ;59

NOth@lCa longispima o
) Kelllc o A A A A

Pteﬂadlna pgtlna - ' . -
T Ehxd . R : R

Ploeosoma lentlc~ T o ’
ulare Kerrick s \ R

igekyarthra platyptera A A - A
ﬁ..hro. L -
'Rattulus c;llgdrlcus .
Tmhof, . L
Rattulus lOQQ}seta =
Schrauk, = 4Lc

Rattulué SD. | o

Tetramastix an_llensls
Zach, VYR

Triarthra term;nalls i
: Plate - R . R,

‘Trlarthra _D,:v' _:'“Iiﬁc. 4

Salplna macracantha : o
' Hosse,f: s ) . Le

Soardlnlu '

?
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Cope oda. _ _
7 lake lake lake Atikameg
C Wpg. Manitoba Winnipeg- Lake,
osis,

Canthocamptus sp, | c v e C
Cyclops_Bicolor Sars.Rr . R Lc
Cyclops picuspidatus

Cleus, Ve L ¢ c ve
Cyclops fimbridtus

Pish Lc Lc R
Cyc lops pracinusg °? C
Cyclops sp. c c ¢
Diaptomus ashlandi

¢ Marsh, A
Diaptomus feggi; _
caudatus uMarsh _ C
Diaptomus Sicilis A ' A
Forbeg,
Diaptomus Biciloides
Lilljeb, c

Diaptomus leptopus
Forbes, - C

Diaptomus shoshone

Forbes, - vV e
Diaptomus sp. ¢ C.
Epischura lacustris

_Forbes, A C A
Limnocalanus macrurus
Sars, Ve

Phy llopeda,
Acropterus harpae - ¢ ¢ L ¢
Baird

Alona affinig LT

leydig, R



Phyllapbda comr d,

pind

Oerlodaphnla lech LJE
. C
¢

SarSa

Cerlodaphnla sp.

chydcrus sphaericus

O F Mull

: hzdorus“%%bbus.
1

Jen

Daphnia pulexx
de Greer,

Daphnia_longispina
O F.uuil

‘Daphnia longlsplna
O0.F, Mull var,

hzallna

Daphnia retrocurva
For bes,

Diaphanosoma leuch-

tenbergianum ¥ish

Diaphanosoma 6}achzur

Lieven

¢

v _e

¢

Eurycercus lmnellqtus

0.F, Mull

Estheria mexicana
- Claus,
Rurzia latissima
Kuzz ‘

o - e

¢

A
Lc

v C

LG

v G

Le

e | Atikameé
Wihnlpegosts - i

: %2/




Phy llopoda cont’d;

ptodora thdtl@

Lake Lake 7574 " Atikameg

jaritoba Winnipegos is Lake

FocKe A

Limnetis gouldii v

Baird A
Mgina gg.
Pleuroxus dentlculatus

Birge, - Vv ¢
Plesuroxus procurvatus

Birge - LG
POJVphemus pedz— L
culus (4) T L

Sida, crystaLllna
0.F. muil Q

Scapholeoerls mucron—
ata  0.F. Wull, Lg

Simocephalus serul-

atus Koch C

Slmecephalus vetul 8

—

O F.liu il L C

Ostracoda;

Mdmnocythere ret1~~

og&:&g Sharpe, & C

- Gypria sy, c

Candona sp, LC
Protozoa

Actonosphaerium sp,

Avsella vulgaris Ehrb, R

Difflugia coronawalidch R

Difflugia piriformis R
Perty,
ffulgia lobéstoma
 lgidy,

A o
Ld d
¢
c c
Lg
Lc Lg
L C B
c ¢ ¢
R
LC
LG

72
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Protozoa, cont'd.
Lake Lake Lake Atikameg

Winnipeg Manitoba Winnipegosos Lake .
Diffulgia sp. ‘R , ¢
Splenieeria.sp. | LC
Tintinopsis sp. C C ¢ C

Chemical Composition of Plankton in TLake Winnipeg.
several chemical analyses of quantitative samples of rlankton

from whitefish grounds have been made during the winter of 1928-29.
The results sre as followss :

(In Grams)
Rough Dry % Ash
Weight Weight Ash in dry
' weight
10 cc.of Diatom's - .1128  .06"3 59,7

bPlankton from
Goose Is.

2 cc.of copepod's
plankton from + 45 0486 <0053 1109
Southern portion ‘ /
of the lake.

i 13 ccoof Phyllopod's
- plankton ( 2.49 »2408 0795 33,03

Daphnia longispina)

"Aphanizomenon -
flospaquae, . ’ . 0684 . 0050 7431

(in 60 litres of viater)
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THE PLANKTON COF LAKZ WINNIIREG.

There are great variations in the total amount of the plankton

in Iake Winnipeg during different Seasons. The following graph illus.
trates such variations, during 1929. The avérage amount of riankton
estimated from about five hundred samgples, during August is about 22528
cubic centimeters per one cubic meter of water, as measured after
settling, The maximum depends chiefly on the maximum of blue~-green
algae such as Aphanizomen and anabaena, stc. Assuming that the whole
. of Lake Yinnipeg contains about 245.014.000.000 cubic meters of water

We can sa2y roughly that in 4ugust there are 5,512,500 cubic meters of
plankton containing approximatelys:

1,147,500,000 kg. of rough weight,
114,750,000 kg. - dry weight,
765,500,000 kg. Organic matter,
38,250,000 kg mineral salts,
30% asp in dry weight.

PLANKTON OF OTEER LAKES EXAMINGED,

Lake Waterhen. The plankton of this lake is composed of the
Séme species as occur in Iake “innipegosis, Asterionella formosa,
Fragilaria crotonensis, Stephanodiscuys niagaioe, Melcsira, Talellariap_
Several species of Pediaotorum, Anuiaes, Notholea, etce; are common in
~this lake. Also Copepoda and Phyllopcda not uncommon. Not very
many samples have been Secured from t is lake, but Judring from the
similar conditions which prevail in Iake Winnipegosis, we cannot expect
to find a great many plankton organisms which do not occur in Iake
Winnipegosis »r Iake Menitoba.

ITake St, Martin. About twenty quanttitative and qualitative
samples were secured from this lake in svgust 1927. The following
Species have bheen found: Asterionella formosa, Tragilaria crotonensis,
Melcosira granulata and varians, Becsmina longirostris, Daphnia legpispina
Chydorus Sphaericus, Alona Sps_ Pleuroxus sp. Diaphanosama, several
g8pecies of Cyclops and Diaptomus, anuraea cochlearis and aculeata,
Polyaithia blatyptera, Notholca longispina, Cathypna luna, several
Specieg of Pediastrum, Staurastrum, and many others Chlorophyceac

and Myxorhyceae .

Cedar Lake. Two samples from this Iake were collected in
September 1928, The plankton of Cedar Lake is quite similar to the
Plankton of the northern bortion of Iake Winnipeg. Asterionella formossa
Fragilaria crotonensis; Pediastrum coryanum, duplex andg Simplex,
ctaurastrum Sp. Polyarthra platypera, Epischura lasustris, Diaptonus
sicilis and cyclops spe are common Species.,

Clear Iake. Several quantitative and qualitative Samples were
collected from this lake in 1927 ang 1928. The plankton of this lake
is somewhat different from other prairie lakes. Several planktonic
Organisms such as Hollopedium gibberum, Rhoicosphenia burrat39 Salpina,
Spinigera, etc.; which do not occcur in other lakes examined, are present
in Clear ILake. Cn the otier hang many common sSpecies of prlankton '
organisms in Laie “innipeg, Tinnipegosis and Manitoba, have not been
observed in Clear Lake. The most important Species for whitefish fry,
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sch as Bosmina longircstris, Daphnia longispina, Diaptomous sicilis,
Cycleps bicuspidatus and cther small Crustacea,as well as Leptodora
Kindtii, are abundant in Cleer ILake. :

Nelson River. A few samples of plankton from several bays in the
l'eison River, near Ketitle Rapids, were taken, in September 1928. ' The
following species have been found: Asterionella formosa, lielosina
granulata, Melcsina varians, Gomphonema constirictum, Stephanodiscus
niagaroe, Fragilaria crotonensis, Rhizosolenia morsa, rediasbrum
coryanum, simplex and duplex, Ulothrix sp. Zuchlanis magrura, Bosmina sSp.
(remains) and Diaptomus Spe. {(Tremains.

COMPOSITICN CF THE BOTTOM HABITATS OF LAKE WINNIFZC.

As the adult whitefish is a bottom feeder, so the study of bottom
fauna, bot vantitative and gualitative, must be one of the most im-
rortant problems in the biological investigations of the Species.
Durings 1927, 1928, and 1929. sgome fifteen hundrad bottom samples were
collected and a considerable attention was given to whitefish grounds.
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kethods and instruments

At each station, where quantitative p lankton was
taeken, together with depth end temperatures, from five
to ten bottom semples with the jkman dredge were coll-
ected, This dredge cutting out sixty four square ‘inches
of vottom with all the anima 1s therein, works very
well on soft ground but is nearly useless on nard stony
bettom, where in addition to this ingtrument, several
ditferent sizes (L1-3") of simple zoolosical dredges
were used, -

_ Samp les were weshed through meta l sieves end riddles,
The most convenient sieves were found 2% ft in diameter
with 1/20 inch mesh, After washing, all organimms were

carefully coilected into vials ang preserved with 3% & lcohol
or formeldehyde or counted and recorded,

rThe material was worked through dn the laseratory of
the Prairie iakes Investigation in ¥innipeg, where all o ttom
organisis were counted, identified, and "rough weight” of
certain species was detersdned, -

This"rough" wr “formalin" weizht gives a general
quéntitative idea of t.e total Productarity of certain
gpots., The s¢inp leg, after being preserved for a long time
in forme lin, usually increase in wel ht by apout0,25-0,75%
in conseqguence of becomin, saturated and possibly also,
certain chemical reactions, while the "a looho L¥ weight,
as & result of extraction, whows a ccnsiderable decrease,
(to 2-3%), Determination ef"dry weisht" was wmade after
preliminary drying at 60°C, and full drying at 100°G,
until a ccnstant weight was obtained, Chemice i analysis
of the organisas which are mmpt important in the bio louy
of the whitefish, were made,

Distribution of bottom faune in horizontal and vertical

- -, A I T o e s o e T S 8 A s Wom S

direction,

: Zn the quantitative and qualitative compositicns of
the bottom fauna depends on the depth and character of the
tround, it will be correct to divide it inte zones which
correspond to bottom areas |,

1, Benthos of soulder and Gravel vottoms,

+This aresz is preferred by mo lusks: Physa gyrina,
Hhysa integra, succines ovalis, Succinea avara, hymnaea
stagnalis appressa, LEL8NoT0ls exacuous, PLenorvis parvus,
Valvata tricarinata, Pisidium SPP., Sphaerium spp. and




several species of Anodonta and lampsilis, There are
also present in abundance tne larvae of Ephemeridae,
Irichoptera, Ccleoptera, amphipods, (dyalells KniGKer-
oockerii, Gammarus sppL$ Cambarus, and small crustacesdr
(Bida crystalline, surycercus lamellatus, Simocephalus, -
Alona, Chydorus, Bosmina, Canthosamptus, etc, iiany
species of Hirudinea, Oligohaeta and Hydrocarina are <lse
‘common, :

i This zone is very rich in aquatic vegetation and _
shows most diversity in number of species, On the deeper
border of this area, abcut I -« 2 mt, spagning of white-
fish takes place and the waitefish fry pass the first
stadia of their life,

" The quantitative irnvestigation of the benthos of
this area is very difficult, because the development of
the organisms, which are most important for whitefish,
is regulcted by different circumstances, such as changes
in temperature, winds, etc, The Ichthy or fauna of this
area is very rich, There are many different species of
minnows (Notropis hwdsonius, Notropis spp, Percopsis, -
omisco-maycust, etc) and fry of certain commercial fishes/
‘such as pickerel, pike, perch and others,

Along the western shore of lake Winnipeg there are
absent gquite a number of aquatic organiswms which &are wore
or less characteristic of the eastern shore as (Campe loms
decisum (Say) iymnaes megassoms (Say) and severs ! other
mo Llusks, zlso lake sturgeon |Aeppenser fulivesceng) dur-
ing the spring, : y

2, Benthos of Sand boittom areasg,

As these areas are situated in different parts of the
teke their fauna is also quite different, In general, if
such areas are not covered with aquatic vegetation, their
fauna is comparatively poor, The vottom sauples from _
such areas include a few species of mollusks, especially .
Pelecypoda, amphipods and insect larvae, The contents of
alimentary tracts of fishes taken from smch places show
the presence of sma L1 phyllopods., Such scm ayeas ars PoOP-
ulated by young pickerel, perch, and different minnows, but
in limited quantity, The role played by these areas , in
the biology of whitefish, is not very clear to us, dbut it
ispossible to say that if they are not very important it is
bepause they are not large in comparison with other part of
bottom, :

G
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3. Humus Areas,

As these areas are distributed near the mouths of
the rivers, along the western, as welil as the eastern,
shore, where the chemical conditions of the water are
very different, their bottom fauna has a considerable
influence and shows an admixture of river forms, Along
the more alkaline western shore, as for instance, Liver-
ton bay, such areas are popu lated with Hyalella knickerwe
- bockery, larvae of Phryganidse, Chironomidae, Severs L

species of Sphaerium and Pisidiwn and' comparatively few
‘8pecies of fishes, 1In many pleces they are covered with

Potamogeton interi L, fotamogeton richardsoni, spd Wyrio-
Phyllum spicatum, o :

On the other hand, similar areas near the eastern
shore of Lake Winnipeg are populated much more ichly,
grustacea are especially plentiful there, being repres-
ented by many species:  Gammanus spp, Pontoppreia Hoyi,
Mysis relicta, Estheria mexicana, limnetis souddii, Llep-
todora kindtii jpischura: lacustiris, Jlimnocalanus
macrurus, and many other species of small Crustarea, as
we ll as Cambarus viridus, o llusks are alse extremely
abundant and represented by many species of § haerium,
ligsculium, Pisidium, Physa, Aninaea, Planorbis, Anodonta
and lampsilis; iu.ny species of Phryganidae, iphemerdae
and Chironomidae, aliso are not uncommon, BN ‘

uany ‘species of figh and fish fry find a good feed-
ing ground on thesge areas, Several spawning grounds for
whitefish are situatéd near such areas, along the eastern
‘shore of .iake Winnipeg, and it is very possible that white-
fish fry can find a good feeding ground here., Adult white-
Tish do not occur on such oottom, except at spawning time,
when they pass through them to the spawning grounds,

Benthos of Mud Pottom Areas,

- These, the most extensive areas, covering approximateLy
85% of all Lake Winnipeg, are the piaces where the whitefish
Spend the greater part of their lives, where they grow,
feed and where the main whitefigh industry is carried on,

They are the so-called "Wnitefigh grounds®,

The Benthos of these aredsd 18 rather poor in number of
Species, but individuals are Present in such large numbers
that undoubtedly they can £ged a much larger quantity of
whitefish than are present*%ﬂ the,Lake;'at the present time,
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With few exceptions all these organisms are useful
from the standpoint of whitefish Preduction, The invegti-
gation of the benthos of these grounds wag Ziven consider-
able attention, and quite a number of vottom samp.es were
taken from different whitefish grounds,

The most characteristicuorganisms of this zone are:

Crustecea % liollugca & Insect larvae %
Pontoporeia heyi 43 Valvata tricarinsia Hexagenia lim- o
- - 0.3  bata 10
Hyale ila knicker-
bockeri 0.6 Valvata sp, 0.2 ZEphemeridae
(larvae) 0.5
Gammarus sy, 0.3 Amnicoda spp, 3.3 Phryganea sp, 2,2
JMysis relicta 1,0 Pisidium sp, 4,5 Molana sp 1,5
Estheris mexicana3, 7 Spharium sp, 4.0 Other Trichop-
: tera 0.9
Limnaetis gouldii9 .95  Musculium sp. 0,5 Chironomidae 0,4
: larvge

Rest v--—--—-n - -.--3'0’570

Before the consideration of this area, which is of
such importance for the whitefish induesty, it seems we ll-
timed to examine thoroughly, several Questions, in conn-
eotion with the biology of these organisms, as it will
throw great light oy the biology and local distribution
of whitefish, :
1, Sources of food of deepwater or anisms, The investi-
gations of the a imentary tracts of di fferent species,
which provide food for whitefish, shows that most of them
feed on living, as well as, dead plankton organisms, and
uninterrupted rain of which, keeps alive such, &s are more
Temoved from the surface and upper strata of the weter, and
the illumination and heat of beneficial sun rays,

The most important plarkton organisms, which provide
food for insect larvae (Hexagenia,,Phrzganidae, Lhironomidae
etc), are small diatoms, such as Aster ionella formosa,
Stephanodiscus niagarve, Tabellaria fenestrats and T culosa,
Melogira pgramulats and variess, etc, 1The foo0d of sng 1
amphipods IgyaIella knickerhackgrij Pontoporeia hoyi,

Ga mmarys 8Pp,) consists of Asterionelila, Steﬁhanodiscus,

fabelilaria, lelosira, ueridion SP., Synedra Spp.,, Chroococcus




 §§?.

Turcidus end limneticus,

The food of small mollusks (Sphaerium Spr:Pisidium spp., Amnicola Sp
Jalvata tricarianta and Sp., Lymnaea sp.) is chiefly Tabellaria, Stephan-
-odiscus, Fragilaria,nsterionalla, Chrooesccuys, Scenedesmus, Fediastrum
Corvanum and duplex, Cocconema Lanceolatum, Merismopedia glaucum.

The following scheme shows this cycle of exchange of organic matter..
(See p. 48.) o

2. 0n the basis of our examination of the b ttom fauna of the whitefish
grounds in Take Winnipeg, we conclude that the larger proportion of dif-
ferent animals, such as mollusks, insect larvae, amphipods, etc., are
distributed irregularly being congragated in spots on the whole bottom
area. It is true, now only for mollusks, and other sedentary organisms,
but also to different quick-moving forms, such as Amphipoda, Mysis relicta
etec. As the depth, temperatures,dissolved gases, and chemical composition
of the water were in many cases similar, such differences in distribution
depend, probably ontthe different composition and structure of the bottom
-and other specific conditions, which may easily pass undected by investi-
gators., ‘ -

AS an illustration the following table shows ths number of Amphipods
Secured in ten dredges at five different stations sitvated.within one
- mile near George Is. on whitefish ground. The depth, temperature, nature
- of bottom, etc., appeared quite similar - ) - ‘

Dredges. St. 1. St. o. St. 3. St. 4. St. 5.

1 39 22 39 . 6 4

B 2 32 26 30 3 o
3 33 26 25 .12 0

4 39 38 23 3 0

5 4y 24 28 6 0

6 43 32 19 5 0

v 35 40 3 4 0

8 43 15 28 0 1

9 26 18 32 2 0

10 40 50 22 80

TaT AL 591 . 280 29
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sXamination of stomach
even from the same locality,
be shown below, some

In addition to these,
are regulated by depth,
bottom, chemistry of water, pH,

L4
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contents of whitefish and other species,
shows also similar differences and, as will

stomachs are full of Hexagenia, while in others
we found only Chironomidae or Mollusca.

PRODUCTIVITY OF WHiTEFISH GROUNDS IN TAKE
WINNIPSG, DURING THE SUMMERT IME .

great differences in quality and quantity
chemical and mechanical composition of the
temperature, bottom filora, etc.

The following estimations are based on the sum of all dredges taken

from whitefish grounds,
these dredgings have been taken in
will give the average abundance of
distribution in s

of samples .

Cf course,
the amphipods,

potsﬂ,

the abundance of different
is not the same du

the various organisms,
as the accuracy depends solely on

mostly during the summers of 1928-29. As
different parts of the lake,
despite their
the number

they

organisms, as for instance
ring a period of several years, but

shows periodical decrease and increase in connection with decrease or

increase

of othe
tained during th
future work,
in a similar manner.

T aquatic organisms.
e first two years,

Nevertheless,

the results ob-
will be useful for comparison with
as well as with other lakes which have been inves tigated

The following tables show the average numbor of seven of the most

important food organisms for whitefish,
being estimated from all dredgings taken

ber one squarec mile (@nit area)
from whitefish ground: :

1928.
Thousands Rough weight Dry weight = Organi¢ mat- Mineral
1l sq.mile in Kilcgrams in Kilograms ter in Kg - matter in Kg
Zstheria 45 o040 2,211.0 182.4 166.05 . 16435
mexicana | . . .
Amphibods 595.020 19,634.6 65156.47 65475.72 :i 39.75
| 1
Mysis E 41 .
relictia 5 13,630 219.6 | 44.8 40, 32 f 4.48
Hexagenia 5 96,820 75674.,5 1696.0 1383.69 312-. 31
limbata § , : : , :
Phryganeidae 46,530 3,615.2 903.8 450.0 453.8
chironomid§e59’890. 78059 312.0 215.28 1 96.72
 Mollusks. 130,190 3,120.0 60.04 17.4 1 42.65
Total 954,980 37,255.0 L 9714.5 8,748.46 |966.06




1929

Organin MInerarl
Thousands Rough weight Dry welight matter in matter in
perlsq.mile. in kilograms in kilograms kilograms kilograms.

Astherin

m‘exicana 29800 . 188.0 N ’ 15.5 1401 104
Amphivods | . : . . Ve
amphipods 647 000 21,400.0 7160.0 7060.0 40.0
liysis )

relicta 1-200 7 1904 400 3-6 0-4
Hexagenia

1imba ta 230,000 18,250.0 4030.0 - 3290.0 740.0
Phyganeidae 19,000 1,472.0 368.0 178.0 190.0
Chizonomidae ' 67.000 1,310.0 537.0 370.0  187.0

' liolusks 91.000 2,180.0 o 4l9 1241 29.8
_Total 1,058.000 44,819.4 12,096.4  12,927.8 1.188.6

average amount of rough weight is 41,000 kg. per
one square mile. _

Counting the whole whitefish ground area as 8,000 Square miles we -
cal say roughly that this bottom represents 328 million kg of white=-
 fish food, containing about 60 million kg. dry weight. : '

| The analysis of over 500 stomachs of whitefish show that the average
- stomach content is ten grams of rough weight for one adult fish, per
24 hours, (or 3.28 kg. per one year. ) ' ;

So if in Take Winnipeg the only fish were whitefish (no other fish
competttors)- we can say that approximately 90,000.000 whitefish could
feed on this area (1eavihg the rest of the total amount of available fish
' food for reproduction). Estimating approximately from the statistics
‘that the total amount of whotefish caught in Lake ‘iinnipeg equals about
ione third of the total broduction of this lake, we can say that
1 30,000.000 of whitefish could feed on whole whitefish Eround in Lake
innipeg, without any competition from other commercial fishes present
‘in. the lake. If Lakes “innipegosis and Manitoba have the same relative
productivity as ILake “innipeg, we can say that 15,000.000 and 5,000,000
whitefish can live in these lakes respectively.

‘ As can be seen from the second part of this work there are only

8ix or seven million whiitefish in Lake “innipeg at the present time.:
In other words, there is a reserve food supply which can support five
times the number of whitefish which are now present in Lake Winnipeg.




BOTTOM FAUNA OF OTHER TAKES,

The bottom fauna of Take Yinnipegosis ang Lake Manitoba differs
Somewhat from+tthe bottom faung of Lake Winnipeg, whiefly in +he
bercentage of different Species.

Generaliy'speaking the benthes of these two lakes is very much

richer is small mollusks as Valvata tricarinata, Valvats sp., Planor-~

bis antrosus, Physa g¥Trins, Lymnaeca Sps Pisidiuom SPPes Sphaerium S
and Musculium SDs Several Species of Crustacea &s lMysis relicta, /
ZEstheria mexicana, Limnetis gouldii, etc,, which are abundant in Lake
“innipeg, have not beeca found in Lakes Winnipegosos ang Manitoba,
Larvae of Hexagenig limbata, are also not so abundant as in Lake
Yinnipeg. Amphiyods are no abundant in hoth these lakes that they
destroy many gill nets, used for whitefish,

The benthos of Takes St. Martin and Ylaterhen is quite similar to
that of TLakes innipegosis and wanitoba. Althcugh we have not ensugh
quantitative Samples for determination of the bottom roductiveness of
these lakes, as far @8 our observations 80 all these lakes, as well
a8 many cthers dn the Frairie Provinces, have abcut the same relative
-Froductiveness of bottom faunag as Lake Winnipeg..

iﬂé

The quantity of different bottom animals ig nnt the same thrcughout - -

the year. "Great variations in the total number angd Size of different

insect larvae during different Seasons. For instance, the larvas of
Hexagenia Limbata reach g maximum size dry weight) in the middie of
summer, and in autumn are comparatively very small. The larvae of

Chironomus Teach their maxims] size in spring ang being scarce, after
“he hatching, of imago about the eng of June, when clougs cf these
insects like smoke from g Steamer, can e observed in the evenings

along the shores of ILake innipeg and Lake Winniyegssis.,

Cther bottom Organisms, such as amphipods ang mollusks, also show
seasonal increase and decrease in number and size.

There is every reason to believe that if the westher, during the
latching pering of some aguatic insects, is.suitable, & big crop of
-8rvae should be expected next Ssason, and in connection with the
roductiveness of the lake will he increasesd several times. This re-
ation betwsen meterological factors énd abundance of different insect
grvae must be cne of the main problems of the aquatic insect investi-
ation., ’ : '
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SYSTEMATICAL SKETCH,

The common whitefish, Coregonus clugeaformis
(Mitch) velongs to the extensive gfoup of Coregonus
layaretus(Linne),

This group of whitefishes being widely distrib-
uted throughout all the circumpolar region includes
several well marked species with a great many local
varieties, -

In many different places, under similar condit-
iens, forms have originated which are so similar that
it is very difficult, and sometimes even impossible,
to distinguish one from another, Generally speaking,
these fishes represent one of the most difficult systeme-
atical groups., :

All this group can be divided into anadromous
.and fresh water fishes, Anadromous fish spend a part
of their-life in brackish water, usually not far from
river mouths, and enter the rivers for spawning pur-
poses, The second ones, entirely fresh water fish,
represent a younger subgroup, which departed from the
anadromous condition, after the ice period, '

~ The following is the schematic representation of
this group:

Group Coregonus lavaretus,

'Noxth‘Eﬁrggg_ ~ North Asia Nbfth.America.

Qoregonus lavaretus Coregonus lavaretus ~Coregonus clupea-
{ddnne), Anadromous, elin) Pidscmian. §ormisgmitc§§var.
Baltic Sea, . Anadromous Artic Sea,Anadromous,qusson

D,111,1V G-11, A,  DIII-IV 10-14;AIII- Bay. -
I1IpIv, 11-13( 14); IV 12-14;11,74-94 B IV-9;AIII-IV 10;
11,84,98; © Gill rakers 18-24, 11,74-76,G111 ra-
Gill rakers =24-39, ' kers 26-27,

C,l.p.natio Smitti
C,lavaretus lavaretnwarpachowski;;acus—_ Coregonus c lupea-
oides(Poljakov) ~ ~ trine, lake Teletskogel IQrmis(MIton]
iacustrine. ladoga & (Siberia) DIII-IV 10- 1BKSS of N, Amer,

Onega imkes, D,III, 11;AIII 11-12;1180-86,D III-IV 8-12; A
IVG=-11; AIII-IV 1l- Gill rakers24-25, -  II=-Iv 8-12; 1l 71-
13;1184-98 gilL Celsp.natio Baikalensis 8% ‘ ‘
rakers ~ 29-40, Iﬁﬁéﬁéki.Laeustriﬁe“””meill rakers 24-29
Several varieties, lake Bajkal(Siberia)
: DITI-IV 9-12;AIII-IV  (Several varieties)

10-11;11,88-107, Gilt

rakers 20-28, (and

other varieties)




<

In its systematic characters 'the American white-
fish is quite similar to the Siberian lake whitefish

and nay be placed between Coregonus lavaretus pidsch-
ian nation Smitti and Coregonus lavaretus piEscHian_

nation Baicalensis,

According to the key of L,S, Berg, Fishes of
Russia, the American whitefish does not differ from
Coregonus livaretus pidschian,

By taking the characters of a sufficient number of
individuals from the standpoint of variation statis_tics
by the method of mean squares, we can compare different
varieties of whitefish on this ‘continent, If the diff-
erence between means is much greater than the mean error,
we can tell that we have two different species, '

In the case of Coregonus clupeaformis and goregonus
lavaretus pidschian in many characters the difference
between the means does not exceed the mean error, and in
general, both fish are so simi lar that if they occurred
togehber no ichthyo logist would distinguish them as diff-
erent species, On the Casis of small differences in the
number of scales in the lateral lone and the geographic-
al distribution of these two fish, it may be more accurate
to consider the Americam fish as a subspecies of Corec=
gonus lavaretus(iinne) 1758, Taking inte consideration,
however, the fact that the name Coregonus clu eaformis
(Mitcheil) 1818, is well established on this continent,

we shall continue to use thig name,

The comparative neasurements of this fish are given
in the following tables;




9o Coregonus lavaretus Coregonus ¢ lupeaformis Difference be=
< pidschian ' tween means and
liean mecn error Mean meen ermwrtheir mean error
Base of dorsal; ' - ‘ )
length of body C ' ' o
- (Bmitt) 2,725 - 0,25 12,33 - 1,23 0.,39-0,74
Height of dorsal; ; - ‘ o ' C o
length of" bOdy 17090 o= 0027 17031 - 1055 ' Ov59 ‘091
Base of Anal; ' :
Bength of Dbedy. 11,789 - 0,1 = 11,31 - 2,15 0,47-1,15
Height of Anal; '

Length of bedy 11,70 - 0,22 12,55 - 0.9 0.85-0,56
-Length of Pec- : A
toral; length of

body : 15,306 - 0,14 16,71 - 1,36 1,41-¢,75
Length of ventral; - : ' ' ‘ '
length of body. 15,25 - 0,18 15,48 - 1,96 0,23-1,07
length of caudal _
Pedunc le,
length of body 11,945 - 0,14 12,97 -0,88 1,02-0,50
Length of liax- , ' _ o
illary, Length ' o ' )
of head 23.475 - 0,65 25,17 - 3.8 1,69-2,2
Scales in lat, . .
line 82.0 - 0.57 77.7 4.3-
C.clupeafernis C. clupeaformis Difference between
Inkeé Winnipeg leke Winnipegosis mean and their
2, mean error,
Mean Mean error Mean Meah
‘ error
Bage of dorsal; '
L, of body 11,6 -1,17 13,06 =1,29 1,46-1,23
Height of dor- ’ '
sal;jL, of body 16,0 -1,6 18,63 -1,51 2.63-1,55
- Base of Anal; _ '

L, of body 11,2+ <1l.,41 11,42 -2,9 0.22-2,15
Height of Anal; o _ ' .
L, of body, 12,35 -1,19 12,76 «0,71 0.,41-0,9
L, of Pectora}l; ' ' o '
L, of body = 16,3 -1,:59 7,12 -1, 12 0.,82-1,36
L, of ventral; ' o oo
L. of body 4,9 ~-1,00 . 16.06 -2,91 1,16-1,96
L, of caud,ped- o
unc le, L, of bodyl3,2 = =~0,65 12,92 1,12 0.28-0,83%
L, of mexillary, ' ‘ S
L, of head 24,1 -3.33 26,25 <4,275 2,15-3,8

Scales in lat,line79.7 75.8 ' 3.9-



In.% of Length
of Body ¢Smitt)

length of head

pedunc le

Snout to anal

Snout to dorsal

length of caud,
pedunc le

Bese of anal

Length of Max-
; illary
interorbital
width

In % of length
§f“body(smitt)

length of head
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As is the case in almost all Nerth American lakes
this species has several well marked varieties in Iake
Winnipegosis and Lake Winnipeg., The following forms
should be distinguished:

The deep form, Coregonusg clupeaformis meorpha e lata
(depth 1n length females 3,3-3.4; males
3.7 =~ 3.8
The long form, Coregonus clupeaformis morpha elon-

ata(depth in length: females 3.7 = 3.9,
males 4.8 - 5,1)

In additien to these, two colowr variesties are to
be distinguished,, These exist among both of the above
mentioned morphae, They are as follows:

Fish with bright red fins, with the sides a faintly
golden colour, and with gold pigment around
the pupil,

Figh of the usual silver colour, with grey or nearly
colourless fing, and silver pigment around the
pupil,

The first of these appears to be the more vigorous
and is usually found to be alive when the nets8 are raised,
whereas those of the second colour variety die soon after
being caught, This difference is well known to all fish-
ermen on the lakes, There appears, however, to be little
or no difference in the habits or distribution of any of
these varieties,

Anadromous whitefish,

Until the present time American ichthyologists have
considered that the common whitefish (Coregpnu',clupeaq
formis) is essentially a lake fish, According to in-
formation obtained from several fishermen: whitefish enter
The Churchill and Nelson Rivers in great numbers, from
Hudson Bay, This is to be expected from a comparison
with Furopean and Siberian .embers of this greup, We
obtained several specimens of anadromous whlteflsh from
the lower Nelson River near Hudson‘s Bay, :

This fish differs from the lacustrine ferm inlts
s lender vedy, and very dark colour, all the fins are
~ocolored black, back black, black pigmentatien on the
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sides, head, operculum and maxillary. Head is larger
than in freshwater fish, ¢perculum is somewhat further
back, Caudal peduncle short, The form of the head,
which, in the freshwater fish, is s lightly concave
dorsally, is nearly flat in the anadromous form,

MFASUREMENTS OF ANATROMOUS FORM,

In % of length of bvody,

11, Iength of ventral 17,7

1, length of head 21,3

2, Height of body 28,9 12, Height of dorsal 18,5

3. Height of caud, . 13, Height of anal 4.4

redunc le 9.0 ,

4, Snout to ventral 49,2 In % of length of head,

5. Snout to anal 70.3 '

6. Snout to dorsal 47,0 U, Median portion of

7. Length of caud, : head: 6.2
' pedunc le 11,7 15, ILength of pectoral .9

8. Base of anal 12,7 16, Length of eye 17.8

9. Base of dorsal 11,7 17. Length of snout 26,9

O, Length of Pectoral 18,7 18, ILength of maxilary 29,2

19, Interorbital width 26,6




¥ 7y 1d Leke Winnipsz,
Whitefish 470 mm,, Fenale; 7 years old, Lake Wi Z,

i 3 7 le; 7 vears old Hudson Bay,
 Whitefish 470 mm,, Female; 7 yeae old, 3
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IHE AGE COMPOSITION CF CATCHES,

At the present time the average weight of whitefish, in
catches in the lakes of Prairie Provinces, is three pounds,
The largest fish caught during the last two years was a female
of 16 poupds, Twenty or even fifteen years ago specimens weigh-
ing twenty and twenty five pounds were not rare, 'We have no
data concerning the average weight of whitefish twenty years
ago, out undoubtedly it was somewhat more than nowi

Usually the decrease of the industry is accompanied vy a
decrease in the average weight of catches, but it would be wrong
to connect decreasing of average weight with. decreasing number
of fish,

Together with a development of industry and the developing
of fish culture we can ovserve a decrease of averige weight in S
connection with a mere rapid destruction and rep lacement whnich ' L
makes the average Llife of the fish very much shorter, -

The main oulk of the catch is quite compacd in-age., From ﬁ
the -total amount of fish 65% are composed of individuals over |
five years qld, : e it ’

e

FOOD OF WHITEFISH Ii PRAIRIE LALAS,

Whitefish begin to take food on the spawning gfounds, a
short time after hatching, several days vefore the yolk sac 3
fully absorbed, The gravel bottom on wihich are situated the most
- important spawning places is quite rich in food,

The young fish, during the first summer, feed mostly on
plankton, although, quite soon, even during the iirst month, they
vegin to hunt for small Digtefa larvae, getting them from the

bottom, “Whitefish fry therefore are not entirely plankton feed-
ers, e were upable to get & great many whitefish from the ex-
amination of the stomachs, The following t¢ble shows, notwith-
standing, the main food of whitefish fry during the first three
months; ' '

As we can see from this table the main food of whitefish fry
is composed of Phyllopoda, Chironemidae ( larvae) and Copepoda,

by the month of August, if the fry heve enough food, the
yvoung fish reach ten centiweters in lens.th, The fry at first keeps
in schoo ls together with tullivee fry, and only later in the
season go into desper places,

In the second year the young fish feed mostly on vottom fauna,
We exawwined six waitefish, one and a half years old, from iake Jinn-
ipegosis, wiich were ceught in trapnets on the whitefish spawning
ground, 17 miles north of Smake Island, The stomach contents of
these fish were as follows: Chironomidae (larvae) .~ 30%: Amphipods
- 40% Sma il o Llusks (Bisidium and Amnicola) ~ 20%: Hydrachnidag
and suall Hexagenia - 0%, ' B T
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From the third year the young fish keep in deep places together

with the adult fish, and feed on the same food as the latter. Exam-. ,
ination of five two-year old whitefish, obtained with sina ll mesh gitl
nets in lake Winnipeg, near slack Id, as well as five specimens from

lake Winnipegosis, shows that the fish feed at this time on Amphirods,-
sma Ll mollusks, larvae of Hexagenia limbata, Chironomidae, small

Phryganéidae,Hydrachnidae and Goriza. Vegetable matter probably does
not play an important role, ag¢ it only occurs occasicnaly in compar-
atively small amounts in the digestive tract of young fish,. '

The food of adult fish consists mainly of Amphipe da, Chironomidae

larvae, Hexagenia limoata, Phygane idae and different siam L1 me Llusks,
The vegetable food = lso can ot be taken into consideration, although,
in the stomachs of adult fish we can sometimes find rema ins of Jhara,
Cladophora and other a lgae, swa llowed, very likely by chance, togetner
with sand, small stones and detritus, No remains of swall fish were
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fbund in stomachs of whitefish,

In different lakes of the Prairie Provinces the food of white-
fish varies, TFor example, in ILake Winnipeg the main food of the
whitefish is small Amphiyods (mostly Pontoporeia hoyi) but in iaske
Winnipegosis ard iake kanitoba the main food consists of different
small mollusks, In some ylaces, as for instance, in the northern
rortion of iake Jinnivegosis, during the second rart of winter, the
stomachs of some whitefish are full of big green Chironeoumus laryae,

We must take into consideration the fact that the food of the
whitefish is subject to change during different seasons,

In #&ugust the stomachs of whitefish are not sc¢ full as at other
times of the yeer, depending probably rartly on higher temperature
of deep water and rartly on the circumstance that the larger part
of the larvae of different water insec¢s are hatched out, As a rule
Hexagenia limbata is g very important food animal for whitefish, dur-
ing the first part af the summer, when the larvae are of large size,

The following tables show the analysis of the stomach contents
of adult whitefish from different lakes, during different months,
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‘In"the stomachs of whitefish from Atikameg' iake
moilusks ( Posidium, Nusculium, Sphaerium, Jiyunaea,
Amnice'la and PLQnorbls) were the chief items found,
A very few larvae of Chironomus: Several spherlcal
celonies of lostoc commune and fertilized wnlteflsh
€ggsS were alsc ooserved,

The stomach contents of two wnltefzsh caught in
September 1929, in the Nelson hiver near Hudson Bay,
were as follows: L
L, Pemale: 500 mui: Gﬁiixamsﬁ « 120 yimnadia gp « 1.

L;mnltiszgguldil = 29! EggLeLLa knlckerboc eri - §;
: 2 / I'Va@ ) - 7 H o & - ;

Heliy
gl

33 iamnetxsgaulda RS

gstherisa wexicana
i —-

It is 1nterest1ng to compare thls with the average
pércefitage of the various food uaterial found in the
alimentsry tracts of six adult whitefish from Quil L
iekeg Saskatchewan, where this fish was introduced arti-
ficially, The stomechs were examined early in the winter

ahd were found tc contuin gorixa sp - 99%, and Hyalella

knickervockeri - 1,

One very interesting point was observed, vis: that
fish which were infected by internsasl para31tes conteined
lictle, if any, fcod, On the other hend the stoiachs of
fish which weie free froum parasites nesrl, always con-
tained a quantity of food, In the case of the infected
fish the growth rate will be different and this fact must
be taken into consideration in determining the age by
scales, The total amount of fish infected by internal para-
gites (beSuOdeS) is avcut lOﬂ. :

. For several days beIore spawnlng the Whlteflsh takes
little food and often does not teke any'at ail, but
_ 1mmedlateLy after spawning the flsh.feeds hecv11y and often
devours a great deal of its own spawn, '

DATLY CONSUnPTION OF FQOD BY WiITEFISH.

_ The average stomach content of a2dult white flSh im
dlzferent Prairie iskes will be as follows:

1n lake jinnipeg;

SETLR S E A humber 04
Amnicola~sp - TSTT--Jt.

vt o e eT

Pontoporeia hoyi- 8073214 1
Phryganeidae (Lgrvae) 5:6 5;7 Hexagenid limbata 1,0 1,1
Chironomidae (larvas) 3.0 3.1 iiolana sp. il O;i O;ﬁ
Pisidium 'sp . ° 3:i0 371 Other .olillusks” Q. 0,
Valvmta tricarinata 2.3 2.4 Other Crustacea . O.3,MQ}3g
e ~and sp,’ ' | L S

A

Crustacea - 82, 7ﬁ, ‘ Insect larvae - 10,3; M911u8k5j4 lios



)

»wina.1akezfﬁinnipegosis.

Nuiber % | Numfer %
“ ——~1E$¢ c
Chironomus sp (larvee) 133,0 61,1 Planorbis antrosus 1,0 9.40
Pisidium sp 19.3 9.3 YNematodes (free L§v~ 0.6 0.2
, ing. : .
Iymnaea vahlii 17,4 8,0 Sphaerium sp 0.2 0.1
Valvata tricarinata 11,7 5.4 Physa gyrina 0.2 ¢€,1
Amphi pods 11,9 5,5 Cambarus viridis 0.2 o0&
Amnicola sp 11,7 5,4 Phryganea sp 0.1 0,06
Valvata sp 5.5 2,5 Musculium sp 0.1 0,05
Hexagenia limbata 3.4 1,6 Corixa sp c.1 0,006
: o lanna sp 0,04 0,02
Insect larvae - 03.1l%; Iiollusks - 31.3%; Crustacea - 5.0%
In_ieke . Manitoba, .
- Number % yggber % -
Amnico la sp, 39;30 5L,6 Amphipods 3.2+ 2,5
Pisidium sp 330 24,7 Sphaeriwa 3p Lo 1,2
Lyunaesa sp 22;8 17,3 liusaulium sp 0.2 0.2
Chironomus sp( larvae) 3,2 2.5 y
o Llusks - 95%; Insect Larvae - 255%; Crustacea = 2.,5%

Figures in the second column indicate merely per-
centage of nuuber of individuals without reference to
size or food value,

As whitefish feed mainly at night, and are caught
during tiais period, the average stomach contents should
represent half of & 24 hour food supply, ZExactness will
depend on number of specimens examined, Thus, on this
view we can estimate a daily consuuption of whitefish
fovd in the Prairie iakes, as follows:

Amphipods o llusks Insect Lough

and other (small) larvae Weight,

. : crustacea - gL

In lake Winnipeg 160,0 14 20,0 9.0
In Lcke Winnipezosis 23,3 135.4 274.0 10,0
In fake hanitoba 0.4 254.0 6.4 7.6
Average in Prairie lbakes 63:4 1445 1¢0,0 8.7

This will be 3,28 kg. rough weight per year, which
accords quite well with the average increase in weight
of whitefish of 200 gr, per year, Of course the gquan-
tity of 3.23 kg. we must count as a minimum, without
including aiL other foodstuff which the whitefish takes,
am, Oligohaetas, Hirudinea, Acarina, larvae of Odonata
Corixa and other food of seconddry 1u@ortance, w.iich can-.
net ve estimated exactly, also scite vegetable matter, rotten
Pieces of f.od, detritus, huwus, mud, and other stuff con-
taining orge nic watter, ,

P S R W I A WU R T ) R T N
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Ehe amount of €. 10 gr, of food per day DAy seem
to be too sme Ll, obut we must not forget that the fish
expe nds very few calories for keeping up the normal
temperature of its body.,

CLuPETITORS.

As food competitors of whitefish fry may boe noticed
many different species of minnows, especially the genus
Notropis, young tullibee angd fry of pickerel, perch,
goldeyes, etc, which feed on plankton fcod,

- The fo llowing species are the co.ipetitors for food
with the adult whitefish,

1, Ling Luﬂm,lotahg@cggggg). The stomachs of several

ling examined conteined many lervae of Eexageni@wkigpapgg
2.  Pickerel ( iucioperca vitreum) and saugep auciopercn

canadense), The stomechs of Thesg species togéther with
remains of smell fish contzined many larvae of (hirénpw
midee, Phryganeidae, Hexagenia and Amphipoda, '
3. Northern sucker [@atostomis catostomus)y Zxaminaticn
0f the stoumchs of this SUCKST taken from different whitew
fish grounds in the Prairie lekes, shows that {ts fcod
consists of o

40% of Lervae of Hexagenia limbata,

20% of fontoporeia hovi and other
- ' Amphipeds,

2% of larvae of Phryganeidae,

10% of small Mo llusca,

12% of vegetable wal er,

10% of .uiscellaneous :
4. Common sucker 'datost;mugvgommep§cnnii), Although
this fish living,moStIy”ith,allngiiaeeé is not common
on the typical whitefish gfound it must be ranked among
the competitors of whitefish, 1Its stowach content compr-
izes diffeient insect Larvae, small mollusks, amphipodg,
plankton and ve getable matter, o
5:  Sunfish (Aplodintus prunniens), Tae food of adult
sunfish taken from whitefish grounds in iake Winnipeg,
near 3lack Id, is zs fo llows: -

Hexagenia limbats - 0 0%

Chireonowmus sp, larvae 12%

Amphipoda 3% s
Cembarus viridis 20% SR
lie Llusca 5%

6.  Sturzeon (Acipenser fulvescens), The distribution
of this species 1in 1&ké"71nnipég,”differs from the dis-
trivution of whitefish, Very few sturgeons are caught en




@0

the whitefish grounds in the northern portion of the
lake, But, nevertheless, stomachs of sturgeen are

futl of smell wollusks, amphipods, and larvae of Hex~
agenia liambata, The last species, as wetl as wany

other larvae of aquatic insect, produce imdjines,

whieh ean lay the eggs over the whole water area,
Therefore, by fseding on such forms, even inm a locality
from which whiterish are absent, there will be a certain
effect on the whitefish food supyp lies,

FATRS OF GROWTH,

A, Fry,

Observation on the rates 6f growth of the fry were
carried on mainly in hatcheries,

When just hatched from the egg, after seéveral months
ineubativn, the fry of whitefish is essentially a larvae,
which must have a period of postembryonic deveélépment
before attaining specific characters,

the food sac is absorbed from 6 to 12 days after the
fry have hatched, the time varying somewhat with temper-
ature, food and perdod of incuvation,

The size of fry just hatching is 6-9 mm, During the
first few days the fry grow quickly, The generationsg
hatched from different sets of spawn are not the swame in
size and rate of growth, but always nearly double their
length during the first week (11 - 17 mm, ) and are then
able to search for food, The rates of growth in different
lakes, depend on temperature of water and food supp Ly,

During the first month fry reach 15-30 mm, in length,
We cen remark soue periodicity in rates of growth of whib«
fish fry,. :

After avsorption of the food sac, the fry eat plankton
ravenous ly and grow on an average -to 22 mm, and after this
we can remark some delay in further growth, This is prob-
ably in connection with the formation of internal organs.
After this the young fish grow again more quickly and by
August they reach a length of from 45 to 75 mm,

- As is shown by the study'of whitefish scales, in autumn
and winter of their first year, the rates of growth of young
fish again begin to be somewhat slow and only in the second

spring does the fish start to grow more quickly,



The rates of grbwth of whitefigh fry are not the
same for all fry and we can always find among one gen=~
eration individuals twice the size of others,

GROWTH OF ADULT FISH

The rate of growth of adult fish was determined by
means of the scales, These were taken from different
parts of the wvody in the dorsolateral and ventrolateiral
regions, The best scales for this puwrpose were found to
be from the dorsolater:l region, Scales were collected in
paper envelops and kept dry. Several scales { usually
six to ten ) were examined from each fish, They were
examined dry under the microscope using transmitted light,
out without the use of a substage condenser, The best
multiplications were found to be from ten to sixteen,

In the center of the scale is a small area without
striations, This ¢ lear area, the socalled "focus", re-
presents the original scale of the young whitefish, be-
fore the first winter, = Around this area are numerous con-
centric striations, "circuli" which form all the time,
during the growth of the scale at its periphery, In
summer the distences between the circuli are greater than
in winter, when the fish grow comparatively slowly, Under
the microscope we can see a serieg of consentric rings,
composed of circuli, which represents winter and summer
rings,. like the rings of growth in a tree. The outlines
of these rings show the sizes of the scales of the fish
in a certain year, During the spawning time these circuli
are oroken and have an irregular zigzag form, so it is
possible to determine by the scale, not only the age of-
the fish, but also how marny times the fish has spawned,
and in which years of its life,

LY

Very often scales occur on which winter and summer
rings are nct clear and are so badly defined that it is
impossible to determine the age by them., In such cases
it is necessary to examine not less than ten scales,

In a few cases all the scales are rather indefinite
or shew different nuabers of annual rings, In such cases
the age of the fish cannot be determined.

, In addition to these difficulties, it is easy, espec-
ially if the fish is very old, to make a mistake of one,




or even two year, but if we havé & large hnumber of speeci-
mens these small mistakes will cancel out, and the results
will give a correct idea 6f the growth of the fishk,

As the growth of the fish apd the gréwth of ths
scales is nearly proportioml, it is not different to find
the léngth of the fish at thé end of any yéa¥ 8f ity life
by thé réllbwing formyisi

Lo L of, A I
e S5 Jgs s

e

L2 length Bf fidh at the end &f # & yenrd,
L& length of figHy o

d - diameter of ring at the end of n = %éh¥Ps,
D -~ Diameter of sca ley '

Whire:

B SN O

About four hundred fish were examined #¥b6m different
lakes of the Province of Manitoba, As is shown in the
accompanying graphs, the whitefish in Iske Winnipeg and
lake Winnipegosis grow at nearly the same rate, and sonme~
what faster than those in lake Frie (see J,H, Couch: Rate
of growth of Whitefish), This is certainly a result of
the abundance of food, in the form of mollusks and insect
larvae, which is available in lakes Winnipey and Winnipegosis,

It is very interesting to note that in the Alkaliae
water of Quill lekes, Saskatchewan the Whitefish grow very -
much faster than in lake Winnipeg (approximately one pound
per year), which is due provbably to the higher suumer temp-
erature of the water and to the abundance of planktonic
crustacea early in the spring, during the period when the
whitefish fry need plenty of food,

As a rule, during the first three to five years, the
whitefish develops rapidly in length with comparatively small
increase in weight, but efter this age the fish begins to arow I
fat and increases in weight, Very old fish have algo a
deeper body, often with a fleshy Aump behind the occiput, and
are called by fishermen "Jumbo",

The following graphs illustrate rate of growth in diff-

erent lakes of the Prairie Provinces;

The increase in length both in males and females pro-
ceeds more and more slowly every year buteemitstop even in
very old fish,
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The curves illustrating the ratas of growth
for the sake of siwplicity are shown as siuple
paravolic lines, but in realty these curves should
be represented as undulating lines, because the rates
of growth are periodically slowed down and provadly
break off during the winter time, and on the other
hand become very repid in swmer, -

ppe e o s A 5 . -
5o > ¥ B e D Y

CORHLLATION 07 SLXES,

The analysis of the catches show that there =are

about equal proportions of mec les and females, AS there

is very little diffevence in length and height of me Les
and females of the saine 28y will nets san not play the
role of a filter between these twd sexeés, It shows alse
that the heoits of bothh sexes are siuilar and thet both
sexes live together ond feed on the secme food, Frow this
we can consider thet whltefish shoals in the Prcirie ickes
consist of equal number of males and fema les,

FERTILITY.

We have very little data from literature zbout the
.fertility of whitefish, Different American investigators
estimate the averape fertility of whitefish as 35,000 eggs,
Thi's data is more or less accurate, After examining sev- S
eral different sizes of ripe females from lake Jinnipegosis, PRI
the following graph was constructed, showing the number of b
eggs in relation to age of fish, ’ '

With increase of weight beginning from 3 to 6 pounds,
the number of e.gs increases approximately 14,000 per each
pound, but later this begins to decrease,

Roughly speaking the fertility of a whitefish will be
proportional to dts weight,
. Downing (p. 527) says, that the greatest nuber of white-
fish eggs 150,000 from a 11 pound fish, but we cannot aduit this
as a limit, beceuse whitefish sometimes reach a greater weight,
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The o ldest fish examined from iske Winnipegosis was
an eight pound feuale of 17 years, the number of eggs
was approximately 100,000,

In general, the fertility of whitefish feirly hight
and very much higher then the fertility of Acipenseridae,
Selmonidee and other fish, out less than Gadidse, Per-
01dae, C,upeldce and prrlnidae.

Takinb the average duration of the 1life of a WhlteflSh
as 10 years we m@y say that it cen lay abcut 250, OOO eI8s, g

-

RIPENILG,

Only in the third year can the ovaries e microscop-
ica tly distinjuislied from the testes, The ovaries, at
the beginnin, of the third year, have the form of lonz
rivbons., The e.gs having a dlameter of 0,12 mm, The
weight of such ovaries is relatively very small,

As a rule whitefish reach maturity in the fourth year,
The ripe eggs are about 2% mm, in diameter and are of an
amber color, After the 7irst spawning, as a rule, tuae
other spawnings teke plece every yeor,

In September the adult fema les have well devsloped
ovaries in which it is possible to observe two stages of
development in the eggs, The first consists of more or
legs ripe eggs, which are to be laid during that aUuumn,
and there ere alpo very small e.gs Like white spots in
the oscyte or perhsps the oogonia stage, These sexual
cells must have one year's further development,

- As is shown oy experiments wiih artificial fertilization,
not all fema les and males ripe at the same time, 1,e, prac-
tically the period of spawning extends over one month, We have
no data as to whether the females which ripe first are old
ones or sma ll fish,

The length of life of the whitefish sperm varies
varies considera bly and depends on the ripeness of the
male, The most viable sperm is from very vipe males,
from which it is obtained by easy pressure on the oelly
of the fish,
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The maximum length of life of very ripe sperm f
which has been observed on lake Jdinnipegosis, was \
30 minutes, The following table shows the average /
(\’/ﬂTxﬁguh/Oﬂfjlle of the sperm in water and in air, {
taken from 20 male whitefish in iake annlperosns }
Ootobor 29. 1923, The temperature of the water was g
-0,1%,, air temperature #£0,5°C, and disso lved }
oxygen 1008 parts per million,- /
Length of - Life Life Ltength of Bge 1dfe uife
fish in in in fish in cm, in i1
ﬂ, e i Air Water, . air
350 4 2-00 2-30 456 7 10-00 15-00
380 4 6-00 7-50 410 5 6-25 10-20
390 5 4-30 8-00 530 11 9-40- 19-30
450 7 3-40 7-15 420 5 3-20 4-30
450 3 5-10 10-00 440 6 5,00 8-10
550 14 6-10 12-00 470 7 4,50 6-00
540 9 7-50 9-00 330 4 5,00 =00
420 5 6-00 8-20 450 6 6.00 9-00
450 7 6-00 9~00 500 8 5.20  8-50
400 7 7-10 10-00 420 6 4--30 9-00
380 4 5-00 6-30 4G0 7 0=-00  3=30
440 5 8-30 12-00 370 4 3-40 5-00
420 o 520 8-00 350 4 1-00 2-30

The average life in air is 6 minutes, in water
6 winutes, i,e. more than twice as long. This ind-
icates tﬂat "wet™ method of fertilizing is preferable
to the "dry" method, but the sperm should not be dil-
uted so much as to lmpair he chences of reaching all
the eggs. '

During the spawning period the color of the fish
begins to be very much darker, niales heve small vlack
spots on dorsel and adipose fins. On the sce les #nd
head of males appear many white eplthellaL tuberc les
Fema les have also such tubercles sut in comparatlveky
sma Ller numbers,

SPATNING NOTES,

In Cctober and Novemoer the adult whitefish gathers

e e,

Gy



: ’ AP
i @ ggf/&' (4

into large shoals, leaving the deepest places of the
lekes and cowing towards shore in shallow pleces for
Spawning purposes, We must distinguish among the
whitefish two groups which are different in their
spawning havits, i.e, one spawns in the lakes proper,
the other group enters rivers for this purpose, So,

for instance, 2 great number of whitefish pass from
Lake Wimipeg up the Saskatchewan, Dauphin and Fair-
ford Rivers where they spawn in the currents, To the
Tirst group belong the who lly lacustrine fish which
never leave the lake, although they sometimes come to
the river mouths, It is possible, that these two groups
differ Somewhat, one froi: the other, taxonoiica lly,

but we have not enough material to weke a definite con-
clusion, The time of spawning of whitefish in the Pra-
irie lakes usually falls at the end of October and be-
ginning of November, but may be delayed by warm weather,
The character of the spawning gfcunds has already been
considered in the description of bottom areas, Thesge
Spawning places are more or less constant in all the
Preairie lakes, The most importent of thew im lake
Ninnipegosis, are situated along tha nor thern shore
between Ami Id, ang Shannon Id, There the whitefish
Spawns at a depth of from three to six feet and comes in
such large numbers that 400 -fish have been caught in one
night with 100 yards ¢ill net, Other ilmportant white-
fish spawning grounds in liake Winnipegosis are situated
near the outlet from this lake, where the fish from

the deepest places of the Southern portion of the lake,
and also whitefish from Waterhen iake congrefate, Bew
side this several Spawning grounds are situsted along
the eastern shore of lake Winnipegosis,

There is a widespread opinion among the fisherien
that a considerable migration of whitefish takes place
annua fly, from iake Winnipeg to iake Winnipezosis, via
the Dauphin River ang lake llanitova, It is true that
some migration takesg plece from iake Jinnipeg, up the
Dauphin River, at leest as far as lake St, wartin, and
Fairford River, A large Nuwber of whitefish spawn in
the narrow part of this lake situated 17 miles northeast
of Fairford, others Spawn in the Fairford River, Apart
from this it is deuotful whether any extensive migration
takes plece, The chief evidence against the current
opinion lies in the morphological difference vetween
the whitefish in iake Jinnipe. and iake JWinnipegosis,
which are summarized be low:
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Number of Arithmetic maximum wini:mum Percent Percent
scales in wean Number Number of totai of total
Loateral less than over 31t
Line, 75

ke Jinnipeg 79,7 35 75 0 - 28,5
ik, Jinnipegosis 75.6 31 71 365 0

It o lso appesars unlikely that any extensive
mlbrctlon Ior spawning purpeoses would take place ever
such a route witilout the presence of & .rsat many
whitefish uelnb noted in iske wanitova qnd the South-
ern end cof .ake Jinnipegosis As « utter of fact
whiteris. are somewhet rara 1n these two pleces,

wany wihiltefish enter the -ig Saskatchewsn niver,
where they spawn, not far from Grand Lapids, Into
certain rivers, as far examp le, Icelandic hiver, white-
fish do not oome at all, in fect they do not even app-

ach the mouth ef thls river, It is very 1nterest1nb

to note mlso, theat whitefish do nct enter such a Dig
river as the Jinnipeg Liver, However = large quantity
of whitefish come to the mouth ¢f several rivers along

the eastern shore, such as Bloodvein oay, Pigeon Bay,
etc .

The process of spawning takes plice at night and
begins shortly s fter sunset, The rish rise tc the
surface and meke heavy splashes, like 2 flock of wild
ducks, The ~uthor hes obperved sucir spleshes on Lake
Jlnn1r65031s.

This"play", quick motions and rising to the sur-
face are ean eifect or sexual excitement, It 1s poss-
ivle thet sowe egus are emitted at the surface,

wr, C,C,.each (p.4) describes the spawning habits
of w11te¢11h confined in pens, as follows: the fish
rise to tie surface, oooas$onaL1V in pairs, and rarely
in trios of one fewele and two meles, The female em-
itted a quantity of spawn at esch rlse. The meles,
alweys the sueller first, persistently follow the fe-
mele end disciaarge milt at the same time the eggs ale
emitted,
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It seems to the author that most of the eggs
and milt are emitted near the oottom, otherwise the
percentage of fertilized eggs would be very poor,
The rising of the fish to the surface should e ex-
rlained as reflex movements, easily performed since
the depth of the spewning places does not exceed 5-6
feet,

The writer's investigations seem to indicate
that the whitefish lays its eggs in small vatches
over a period c¢f @oout 10 deys. This hebit would
give the spawn & much better chance of survive L than
if all the eggs were laid together,

LV 0P NT OF EGGS.

Under natural conditions, in a mean water tewm-
perature of 1,7% (= 35%4.) eye spots appear on the
fertilized eggs, after about one and a half months,
and the full incubation period is abcut 140 days, T
This is of course regulsasted by temperature as is
shown oy our experiments with hatching eggs in the
alkaline weter of Little Gquill iske, Saskatchewan,
(total solids aoout 11,000 parts per million) fert-
ilization and further development of whitefish eEss
is possible even in such weter. This solinity is not
ruinous for whitefish sperm, which can live in this
water for 20 minutes,

DESTHUCTION OF WHITEFISH SPAJN IN NATURZ,

There are indicctions in literature that whitefish
eggs are suojected to the attacks of many enemies,
such as yellow perch (Perca,flavescens), common sucker
(Catostomus commersonnii) various smaller Qypriacidee
and some other fish, crawfish, ond wild fowl. ALL
these supgestions must be strongly criticized, We
have cerefully exaiined one hundred stomachs of commnon
sucker taken from whitefish spawning gfounds, in the
southern portion of JLake Winnipegosis, during the
spewning tilie of whitefish, and for two weeks after-
ward, No waitefish e.gs have veen observed in the
stomechs of those suckers, Several stomachs of suckers
were exemined frowm different spawning grounds in other

2
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lakes and no wnitefish spawn has been observed,

It is conciuded, on this basis, that the comm-
on sucker does not destroy whitefish spawn in nature,
This fish feeds on different insect larvae, mollusks,
smatl amphipods, plankton and vegetable watter, It
mey oe classed rather as a competitor of the white-
fish for fuod,

many sme Ll Cyprinidee, such as Notropis ete,,
are ‘too swall to take whitefish eggs, @#nd wild water
fowl also cannot be ranked amonyg the destroyers of
whitefish spawn in the Prairie iakes, becauss spaw-
ning tekes place at a time when most of the wilk -
ducks and other aguatic birds are going away, and
soon after the spawning the lakes are frozen,

4 certain number of whitefish eggs have been
observed by us in the stomachs of perch, and a few
in the stomachs of Tullibee, Several whitefish eges
were found én the stomachs of ling (Lota lota maculosa)
Only six specimens of this Specles have been examined
from natural spawning grourds in iake Winnipegesis,

Nevertheless, undoubtedly, a grect many white-
fish eggs are destroyed vy whitefish thewse lves =rd
only the circumstance that the whitefish returns at
once to deeper water after spawning, saves many fert—
ilized eugs in pature. We found several fertilized
eggs of whitefish in the stowachs of those fish frow
Atikeuweg leke, in the winter of 1927, The same
Phenomenon was ovserved in Clecr lake in 1923, During
the spawning time in 1928 five stomachs of whitefish
from Waterhen iske and ten from ILake Winnipegosis were
examined, Nearly all these stomachs contained white-
fish eggs in different guantities, In one stomach of
a 3% pound usaie 1,200 eggs were found., A photograph
of this stomech is .iven oe low,

Low meny egzs of whitefish are fertilized and
‘ hatched,

- Downing estimates the number of eggs fertilized
under natural conditions as not more than one per-
cent, He estimates that only 350 eggs are fertilized
from a whitefish of average size and only 1l young
fish will result from each pair ¢f parents,
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Professor E,E, Prince doubts that the percentage
of fertilized eggs under natural conditions is so sm 11
and gives, among others, the following example, regard-
ing Sockeye Selmon, in British Coluwbia, e gathered
quantities of natural fish spawn in the beds and failed
in some thousands of ezgs, to get one single egg that
was not fertilized, which showed how scrupulously nature
accomplishes the fertilization of eggs, under natural
conditions, He says, that as far as his observations
go, the eggs which were deposited by the parent fish
are almost to an egg fertilized,

ur, Fryer, has collected salmon and trout and
fertilized naturally, under normal conditions, and has
not found 5% of the eygs unflertilized, so that, he says,
there seems very great reason to douot that the prop-
ortion of unfertilized eggs in the case of the white-
fish can possibly be 99% as suggested,

The observations of Capt., lambson on the Sacramenta
river on the natural fertilization of %the sa lmon eggs,
show that about 75% are fertilized under natural con-
ditions, but further observations show that of the 75%
which are naturally fertilized, fully 25% are smothered
in the sand, so that eventually only a few hatch, Under
artificial conditions from 90 to 95% were fertilized,
and from 90 to 95% of the eggs fertilized hatched and
developed as fry,

We must remember thet this observation was on trout

and salmon eggs. ur. Stranahan was instructed by U.S.
Comimiss, of #isheries to make dredgings on the reefs
with a steamer, He did so for several days, during

the latter part of Novewber and early in December, He
had an inch hose and rotary pump and took up several
thousand eggs, He cannot give the exact percentage, .

wut it was somewhere in the vicinity of one egg out of
300 or 400, and as he rememoers, .e got only 1l or 12
impregnated eggs, during the two or three days' work,

r, Samuel F, Fulerton has been at it elghteen years,
and has taken egss off the bottom Tocks and off the sand
and brought them to the hatchery and hatched them, out he
never got ly oi fry,

Our exeuwlnation of whitefish eggs found in stomachs
of whitefish in lake Winnipesosds, 1923, shows that 85%
were fertilized under natural conditions. About 30% of
fertilized eggs have been found in stomachs of white~
fish from Atikemeg iake (1923), ' B
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The author's opinisn is that the bercentage of
fertilized €s85 wmay Fluctuate very considerably, de-
pgnding on spawning conditions, age of fish, fertility
0l & les, temperature, dissolved gases, etc,

wlGRATION CF WhITouIsH
, L

e egirr iy

As regards the migrations ef whitefish in the
Prairie iakes, they way be grouped as follows:
wlgrations for spawning Purposes, avout which we heve
sSpoxen breviousiy, and migrations depending orn the
currents, There is g wide-spread oginion awong the
Tishermen, that the wind "srings on" the fish into
nets, This phenomeron can ve expleined by the fact
that the whitefish shoats, like sheals of any other
commercial fish, are very sensitive to weak currents,
origineted by strong ¢nd constant wind, and ove
against these currents, Az the direction of such
.ourrents is a lgays oprosite to the direction of wind,
80 the lmpression is crested that the fish, which is
really Keeping agsinst the stream, is veing"brought
on" into the nets by wind, This opinion is so firmly
impelanted anong the fishermen that they believe wind
cer. "bring on® Tish, even during winter, when the leke
1S covered with ice,

Deep water currerts are connected also with the
vertical wmisrations of whitefish, which expleins, very
often, poor catches during windy weather, Tish trying
to keep ageinst the current rize up for several feet and
rass througn above the nets, Thls is confirmed oy the
Circums tance the t during poor fishing some of the fish
¢le caught in the upper meshesz of ¢ili nets, but dur-
ing very good fishing wost of the Tish are ceaught in
the lower part orf the net,

i
o<

Lake Jinnipo.osis hatchery, warked 2055 whitefish with
Special tags, and put theu into the Llake near Srake

Td, bevercl hundied of these fish wers recavtured next
yesr within a radius or avout 30 miles, This shows a
comparatively smatl migration of whitefish,

In Octover 1927, wur, But ler, superintendent of
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In the iske Jimnipeg system there are at the pre-
sent time, three large and excellent hatcheries, cap-

able of dealirg with approximate ly 200 million white~
fish fry, out it is not every year the £ the hatchery
people can collect such an amount of eggs,
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Two of these hatcheries, with Ccpc ity of OO
million eggs each, are situated on iake Jinnipeg at
Gu Ll Harbor and on lrxe fiange;OS¢qcU Sneke Id

The third hatchery is situeted at Fort %u‘ApoeLWe 5
Saskatchewen,

i S tcheries is pumped from
the Lleke oy meens of stzem power. =3 the work and
c¢daptation of these hate ies &re wore or less

lent tc sive & short des-

The watexr for the
3

similar, it will e sufiici
cription of the .ake ‘Jinnlipegosis hatchery,

witchery ere ooteined frow Jaterhen
River, avout 1C- L5 miles from Snexe Id,, by pond nets,
and transported in speciol to the heatchery,
There Tish ere 2¢t in a Lagoon in bilg square nets
until fully ripe, i.e. usuvally until the end of Oct-
over, Artificial fertilization is carried out on the
specia l ooc t by the iollowing wethod: The spawntakers
sit on boxes, holding vetween their knees wooden pails,
of 3 gallon capacity, painted wizite in the inside.
He lpers give the fish to the spawntaxers, using shallow
hand nets., For conveni*roe sprwnteaxers have woo len
mits, The Tiszh is hetd in the lerft hend near tie candle
peduncle, 1: possiole ﬂOIlZOﬁtcLl” velly down, o0-10
inches frow tae vottom of the peil, The fish fre squeezed
out by the rig.t hand by applying ¢ sentle presiure,
ror each 3-4 feuwe les one male is quite enough, although,
as experimenss show, if the m@wles are scarce, 2-3 good
males ere gquite enough for fertilization of « full peil
with 2,000,000 eggs. As soon as new portions of eggs
and milt come into the peil the contents are mixed very
gently by hend without wits, or if with mits, ¢t the
surface, Usually the "dry ..ethod™ is used, out the "wet
method"is elso often used. 7The guantity of eggs dep-
ends on tie size of the fish, .ut the cuantity of milk
is c¢wcut =2 feaspoonsfull, T the fish is ripe, voth
the ewds &nd wiliy are squeezed out very easily, I the
it soes vack to the penz, The

Fish for this hat
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fish is not vi
fish, after bveing squeezed, are put in the Leke, A

few th0psz"d Tish arve maiked every yeer, DY mewns of
swatl wete L teys, ploced neer the ceudel fin, Jhen the
pail is fuLll of Fertilized eggs, eaciz spawn-taker carries
his pail to the hetoher, trensfers the contents into

vile
big weoden xegs, @ mi, in diameter and + mt, high, and
puts taerein &s much weter as is pecessary to cover the
eggs to @ depta of 3 inches. After this the spawn-

tekers put @ Looel on the keg, in order to distinguish
it from the xegs of other spawntekers, The eygs of each

spewnté xer are placed in separate Jers,
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The spawn remains in these kegs for abcut 10
minutes, after whiclh, by means of a rubv.er tube, 2
in diameter, a strong curvent of water is pasged into
the keyg. The eges remain in these kegs for 48 hours,
being raked severa i tigmes, After this the eggs are
pleced in open-top Downing hatching jers. Suoject-
ing the eggs for a period of 48 hours to rumnning
water in the kegs keeps them from sticking together,
Hardening of the eggs also takes place in the kegs
and is complegfed after about 3-5 hours,

After transferring the eggs into hatching jars,
they are again raked gently, by means of soft goose
feathers, to keep them from sticking.

Bach hatching jar contains from 100 to L50
thousand whitefish eggs, &nd is a.out two thirds full
of ezggs. The number of hatching jers in the iske
Winnipegosis hatchery is about 700, In these jars the
fry hatch in spring, The temperature of the water in
the hatching jers is somewhat higher than in the lake,

The fry aie planted in the lake shortly after hatch-
ing, without being kept or fed for any time, liost of
the fry for a long period has been distrisuted near the
hatciery in the southern portion of iake #innipegosis,
Traensportation of the fry to the Northern portion of the
Lake, early in spring, is very incconvenient, :

LAKKING OF FIITEIISE FRY.

In ay 1923 a short visit was paid to the Winnipeg-
osis Hetchery for merking whitefish fry, This can be
done only with the help of a oinoculer microscope. The
ectual marking operation may ve summarized as follows.
One or more fry ( the number dependins op their act-
ivity or viwgor at the time) were picked up in the
watch glass from a dipperful on the work table, and the
watchglass placed on the stage of the microscope, For
some seconds they usually swam excitedly around the
watch glass, and during this time the Iforceps were
grasped in the right hand and held ready over the fry
while the watch glass was manipulated by the fingers
of the left hand., As socon as the young whitefisn mom-
entarily ceased its strusgles and one gZot a clear view,
the pectoral fin on the side desired, was quickly and
firmly grasped with the forceps vetween the center and
base, This requires rather careful wmanipuiation, out
with practice one can judge the thrust required to a
nicety in spite of the quickness oi action reguired,
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Once the young fish is grasped in the forceps the dis-
secting needle is picked up in the left hand and the

point carefuliy run down petween the two arms of the

forceps until it touched the wetch glass, The animal
was then released and the extent of ithe injury ob-
served, If it was found that not all the distal portion
of the fin ned been reuoved, the abvove operation was
repeated, ©but if it was necessary to repeat this iore
then three times, or if the fish was injured even
slightly, in any way, it was discarded and a fresh one
taken, The newly uarked iry were pleced ih a syracuse
watch glass, end when five had been marked this was put
aside, oy the use of two of these weteh glasses alter-s
nately the warked fry are readily kept under observation
for five or ten minutes while others are being wmarked,
If at the end of .this time any of the fry were lying on
their backs on the ovottowm of the watch glass, as was
ocessiona lly the case, they were discarded and other

fry marked, after thais they were transferred tc one of
the hatchery gjars, through which there was a constant
flow of water,

It is worth while noting that when this method is
used the fry are at no time taken out of the water, and
also that none but the part to be amputated are touched
or injured in any way. This is doubt les = the reason for
the low mortality,

Some care is necessary if the fry are to be marked
without injury to other parts than the fin cut off, so
that the process is rather slow, At the same time the
recovery of the fry from this operation was excellent,
and judging frowm several lots kept under observation
in the hatchery for twenty-four hours or longer, it
appears that the loss resulting from the operation was
comparctively small, probably not more than ben per
cent (quite possibly less ih several lots), This
applics to fry aarked shortly after the absorption of
the egg sac, v
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WHITEFISTH HRY _MARKED AT TMQ‘JIKNIPEGOSIS _HOATCHSRY, 1928,
l1nte of Right or Number Date of Where Temperature 1088 up to
karkiog 1eft Pec- liarked Planting Planted when planted time of
creesee Bora L BAU oL L e e Planting,
18/7/28 Right 50 20/v28 A sheltered Air - 2190, Not more than
bay about 1 Surface - 10,80 10ﬁc Fry ia
mle, north Bottom.(Al) -8.0%very gocd
of Bickle's Water in cans condition,
Island, Jjust before
planting - 10,3°
3/V,/23  Right 340 20/v/8 as above
20/V/28 Right 00 °o/v/% as above
20/Y/28 right 30 22/v/23 Hast shore surface - 440
of long Is-
land, 2 mls,
from south
end,
2L/V/28 Right 370 22/v/23 as above ;
21/V/28 Right 30 23/V/28 West shore -
4 mls, north
Bachelors
Island,%} ml,
off shore,
22/V/28 Right 170 43/V/28 as abvove
322"v/28 Right 225 23/v/23 as above
24/V/28 left 500 25/v/28 1In channel Air - 13,4° Asout 405
between Surface - 7,4° Fry in poor
Northern end Bottom (15 ) condition,
of Ked Deer 0
Peninsula &
Tawils Id,
26/V/28 Right 00 26/v/28 0Off Armstrongs

Creek in Bay
east of Salit
Point.
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Commercial}fishing of whitefish in the Prairie-
lakes is avout ©0 years old and is one of the most
importent orahches of industry in the Prairie Prov-

In three of the most i
the catches lhave been as follows:

lake Winnipegosis

At the present time, in Manitoba, aJout 4
million pounds of whitefish ar

1 e obtained, represent-
ing §350, 000,

portant lakes,

lake Manitoba,

19¢6 5,000,000 000,000 200,000

1908 2,000,000
1909 -10.3,000,000 861,700 753,400
19 -1 3) ]"237.500 953)600 258)700
1912 -13 3,297,500 L, 101,400 178,000
191415 2,247,000
19~ 2,637,300 576,000 225,800

oly 2,815, Lo0 962, 00¢ 202,000
1918 3,052,500 L,000,000(?) 200,000(?)
919 2,975,500 1,240,400 471,900
1920 3,000,000(?) 700,000(?) 100, 000(?)
1921 3,143,000 941, l00 74,600
1922 2,637,100 722,200 7g,6oo
1923 1,026,400 639,000 78,000
1924 1,591,000 ©90, 30C 99,000
1925 2,559,000 621,500 - 117,000
1926 3,741,700 833,700 136,500
1927 2,826,000 718,700 189, 400
1928 3,094,300 074,50¢ 179,800

The following graph shows the production of white-
fish for the whole Province of Manitoova for the last

thirty-six years,

In 1erke Winnipeg and Jinnipegosis both suumer and

winter fishing is = llowed, in irke e

fishing,

nitoba only winter

The whitefish fishing is carried on mostly in the
northern pcrts of iakes 7innipes ard Winnipejsosis,
from where fish ave transported to the main bases,
situated &t Selkirk, Giwili end Jinnipezosis, and

also to certain railway stations.

208t of the white-

fish are shipped to Chicago, New York and other U,S,

markets,

hitefish are obtained only with gzill nets, on
sail and moctor-s«il so.ts, avout 30 feet long, op-
erated vy twe or three uen,

the fish are dressed en
with crushed ice,

At she shipping station
d pecked into 100 pound bvoszes,
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Formerly orly winter fishing was permitted on
lake Winnipegosis, recently however, suamer fishing
has been allowed, for a period of one month (Sept.,
Loth to Cctober 15th), This innovation has brought
about an undesirable gondition, in that a great many
sma ll whitefish (about one round in weight) are
caught in the summer, As these small fish decomypose

very rapidly in hot weather, - the majority of them are

not fit for sale and are burned, This is the direct
-result of the use of 4% inch gill nets, in the summer
fishing, and will undoubtedly have very serious con-
sequences if remedia L measures are not taken at once,

The diversity in size and weight of whitefish,
obtained from the Prairie Iakes, shows the variety in
age of these fish, The direct determination of age
of a great number of individuals, obtained from iakes
Winnipegosis and Jinnipeg, gives the following per-
centages of each group.

loke Jinnipegosis Lake Winnipeg,

Age Average Average

®

Age Average Average

length we ight - Length weight
3 yrs. 350mmnm 1.4 5 3 yrs. 325 , L3
4 M 390 1.8 10 4 380 : 1.7
5o 400 2.3 24 5 " 420 2.3
6 " 450 2.5 - 16 6 " 450 2.5
7 " 480 3. 10 7 " . 48¢C 3.
8 " 500 3.3 7 3." 500 3.3
9 " 520 3.7 6 9 7" 520 3.7
Lo " 540 E g 5.5 10 " 540 4.2
1L " 550 g8 5 11 v 5540 4,8
L2 v 575 3.3 3.5 L2 v 575 53
1 " 585 5.3 3. 3 " 585 5.8
l4 n 5o2 8.5 2 4 v pop 6.5
5 " 400 2, 1.5 15 " 500 7
B " 610 2.6 I L 8
7 " 520 8, 0.5 17 v &30 Lo

The rates of growth, both in males and females, are

about the same,

As the mesh of gill nets plays the role of a i lter,
for fish of a certain size, so on the case of this analysis

of catches we can make a curve of the relative number of

whitefish of different age i,e, the curve of whitefish



Population in iake Winnipeg &nd Lake Winnipegosis,
The following graph i llustrates this illustration,

Je can see that in Ll«ke Mlnnipeaosis the relative
number of adult whitefish is somewhat less than in
lake Tinmipeg, This circudstance is quite understand-
able if we remember that the rates of growth of whitefish
are avout the same in both of these lakes, But the
catches in these lekes, during the lest eight years,
(1921 0 1928 ihclusivei were not proportional, The
catches during this period are as follows:

In iake Winnipeaz In Iake Winnipegosis,

(total area 9,400 sq,mls,) (total area 2036 sq. mls,)
21,218,500 pounds 5,841,500 pounds,
or per one square i le
2,243 pounds 2,800 pounds
or approximately:.
748 individuals _ 933 individuals,

. This disproportion will be even greater if we
take into consideration that the relative area of
whitefish grounds in Lake ¥innipeg and 1n Lake Wlnn—
ipegosis is more thar 9467/2086,

" The comparatlve decrease of the whlteflsh pop-
- ulation in ieke Winnipegosis is the direct result
of more intensive fishing than in ileke Winnipeg.,

It 1s veiy 1mportent from the stand901nt of the fish
‘1ndustry to estimate the total amount of whitefish in the
different lakes, O©f course to estimate the exact total
amount. of fish is possible only in comparatively sma ll
ponds,  drained annually, when we know the total number
ef fry distributed artifically ewvery year, as for in-
stance in certain carp oulnurlng in 1T‘urope.

Nevertheless, it is possible to estimate approx-
imately the nuumber of commercial fish of every species,
for each Dbody of water, where regular industry taxes placesw

# such calculations have been used for estimating the
number of some commercial fish in the Caspian Sea,

see s Pep gawin. AN "The Stetlak ook é»tmﬁ‘xm s
1 |

(agons pr 12E 1 Hay Wf‘”‘ﬂ .
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Graph showing whitefish population in Lakes

Winnipeg and Winnipegosis.

AGE [in YEARS



This is possivle only if we know the maximum age
attained by the fish, the age of tne fish in the
catches, and the comnstitution of the catches for a
pericd of years, not less than the ase of the

fish, It is taken for granted that the numnerical com-
position of the rish fauna remains constant during

the time of imvestigstion,

It is necessary to add e reservation thet we

cannot estiwate tne tota i number of fish perishing

every year under natural cenditions, 3But thid does

not invalidate ocur estimate veccuse in the Prairie

lekes there appears to be a very low mortality of

the adult whitefish, from epidemics end there are many

big fish which eat the sma.l whitefish, also there are few

e chances that an adult whitefish will live until it dies

R R TE natura tly, Therefore the following estimate gives us an

' ' ‘ idea only of those fish which will eventua lly be caught
by the fishermen, i,e, the only i.portant parts of the
fish population from our point of view,

The total number of individuals of a given commner-
clal fish, in a given body of water, is equal to the
sum of & series of generations, the number of which equals
the waximumfof this species with discount of those fish
which were caught during this time.

The quentity which rewains of each age group gives
the catches of the following years, during which one
generstion after enother will be destroyed, Thereicre
the number of fish in eacn vody of weter, where regular
industry takes plsce, will ve as follows,

ﬁiﬁ;:g“(r'ﬂ)*Ch*\OTj”ﬁgy*Qnsm(ﬁ“ﬂ“ﬂfﬂ1)~'- o Cnae et (1YY, Y - Y )

where . i

An- nuiaver of individua ts at the wuveginnirs of the nth year.
L= eximum 48 of fish, o
Cn,Cn-1i, etc - catches ci following years.

. ¥ = percent c¢f iry hatched in nth years,

Yy - percent of individusis of one year old,

Ja - percent of individuais of twe year old,

vy - percent of individusais of three ye.rs old,

If we use this formule for estimatin. the whitefizsh
population, in iekes Winnipeg, Wimipegosis and liar-
itoba, 1t witl consist ¢f fourteen terws, if we take
fourteen years at the period of whitefish life., The amount
of older fish (=omewhere acout two percent) we do not take
into consideration, On the other hand there dre scercely
any fish less than three years old, Therefore the white-
fish population in lake Vinnipe. will be as Follows:




2

X= 100% CL5 - 100% Cl7 - 100C18 - 98% Cl9 - 92% (20
- 72% C21 - 554 C22 - 399 (23 - 24%024 - 13, 45025
- 7e4% C26 - 5.4% G 27 - 3,45 028 =z

6,000,000 {approximately)
(Average weight = 3,040 pounds{

Year Catches in pounds Numbers of individuals % of Cn,
.. 1916 1,300,000 433,000 433,000
k017 2,815,000 937,00C 937,000
1918 3,052,000 1,000,000 1,000, C00
1919 2,975,000 ' 990,000 970,200
1920 3,000,000(%) L,000,000 920,000
1921 3,143,000 1,000,000 720,000
1922 2,637,300 879,000 483,450
1923 1,626,400 562,000 219,180
1934 1,591,000 530,000 124,200
1925 2,559,000 353,000 114,500
1926 3,741,700 15445 ,C00 4g,gao
1927 2,320,000 942,000 50,370
1923 3,094,300 1,000,000 34,000
The total number of whitefish
in leke Winnipeg in 1915 6,073:305.

X 2 100%C16 -~ 100%C1l7 - 100CL3 - 95%019 - 35%C20 - &l%C21l
= 4%% C 22 - 3506 G 23 - 23% C 24 - 22% Q 25 - g5 026

- LL,5% C 27 - 8% ¢ 28 =
- 1,922,000

(Average weight 3, 122 pounds)

(Approximately)‘

Year Catches in pounds Nuuber of individuals 4% of Cr,

1916 238,000 96,600 36,000
1917 962,000 321,000 321,000
1918  1,000,000(%) 333.000 333,000
1919 1,240,400 410,000 339,500
1920 700,000 (?) 233.000 193,000
921 941, 100 314, 000 191,500
1922 722,200 240,700 109,320
1923 039,000 333,000 81,550
1924 090, 60O 230,300 64,500
1925 621,500 207,200 45,700
1926 333,700 277,900 - 45,350
1927 718,700 239,600 27,550
1923 074,500 224,300 18,000

The total number of whitefish
in leke Wimipedosis in 1916

1,921,500,
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Taking the same formula as for iake ‘Tinnipe ,osis,
we obtain for iake kenitoba a total number of white-
Tish of &dout half a million (400,000)

average weiht -~ 3 pounds,

Year Catches in pounds duoers of indifiduats % of Cn,
1916 112,000 37,300 37.300
1917 252,000 87.300 87.300
1918 200,000(?) 36,0600 - 80,600
1919 471,900 157,300 149,440
1920 100,000(?) 33,300 28.300
1921 74,700 24,800 : 13.130
1922 77.600 25,500 11,480
1923 78.000 20,000 . 9.100
1924 99,000 33.000 7.920
1925 117,000 39.000 8.530
1926 135,500 43,500 6.960
1927 189,400 09. 130 6,950
1928 179.800 59,600 4,210

The total nuuber of whitefish in lake Hanitoba
in 1916 457,270

- - . {
All these amounts represent a minimum number of white-
fish in the three largest lakes of +the Prairie Provinces,

Taking into consideration the circuiistance thet the-
catches, during the last four years are aocout the sawe, as.
in the four yesrs before 1916/but that the number of fishermen
‘jBas increased,it seems evident that the whitefish population
has decreased Somewhat during this period,At the same time the
gindustry is not in immediate danger, ,

H
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~ The common whitefish (Coregonus clupeaformis) is
not specifically distinmet from the Siberian whitefish.

A% the present time the Prairie Lakes are an ime
portant region for the propagation of whitefish. This
Bpecies keeygrinaigal ¥ %o the northern, deeper portioms
0f iakes ¥inuipeg and Vinnipegosis,

| migration of vhitefish takes place

"*“j’@hiﬁéfishfiu~tﬁﬁffigai,yﬁéx;aﬁé;@astggf§3aak§aﬁﬁ’f,
fedders, but from the second. year they faed entirely om .

Ho considerable

Bists rmgs-tly of mollusks, insect larvae, mnd small
smphipedm, , ‘ |

y consumption of food by the whitefish is

Per individual, The whitefioh Fesss ohiefly

The total amount of food supply in Lake Winnipeg is
ugh for 30,000,000 fishy | |

It is .wséibm with the help of statistiesl methods,
#nd with a kaowledgs of the age of the fish {n the eatches,
%o gaiaaéﬁ - the number of whitefish in. the different
Fraivie Imkes. o ‘ D

ing the last feow years the number of whitefish in
es. 6% the Prairie Provinces has kept at the same

the 1
height,

ke Winnipege

'ish in the Prairie lLakes,
ands :

irie Lakes, sonsist of

+  The average duration
Lakesy is ten years.
000 egge during ite
tumber of egge imncreases,
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‘and ey, under meterol condisi

The wwww@e of fertilized eggs may fiuctumte
vexy couslderably, depending on spawaing oonditions,
and mey reach 85%,. ,

, Fully vipe opevym cun live 30 minutes.  The sveragze
life in air is 6 minutes, in weter 18 minutes, Lo

more than twice me lomgs This indicetes tiat the “wet
mothod™ of fertiliziug is prefersbls to the "dey* wethod,
but the sperm should not be diluted oo much se to fmpeiy
the chances if resching 21l the sgon

* grest mony whiteflsh eges ere des troyed by white-
fish thewselvee, and oply the elroums teanvey thet the
whitefish returns at once to deeper wstery after epawning,
Baves many fertilized esge in naturc. Zgge arw ales
enlen by perch and tullibess :

The perosntage of mortalily of. the fe:

*®

where sbout S0,

. The production of the Ppairie lakes can be inevensed
very considerably by mesue of aptificial fish cultore, but

only 4if the whitefish fry ave cared fors Pey should be

- kopt in spscinl coges or en closed arses and artificially

fed for & poriod of ome month st lesats

I lakes Vinmipegosis and Zanitoba have the seve
relative productivity ee Lake Finndpee, we gan say that
epproximaiely £04000,000 and 10,000,000 whitefish eun
live in those lakes vespectivelys | |

£
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