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INTRODUCTION 

Atlantic salmon (Salino sa:lar Linn.) have been known to 

inhabit the rivers flowing north into Ungava Bay for many years. 

In spite of their importance no biological investigation of the popu­

lations has previousl y been carried out. The se populations are of 

particular interest as it is here that the salmon reaches the most 

northerly extent of its range in eastern Canada. Afew salmon may 

be taken in the Leaf River but the majority of the Ungava salmon 

spawn within the tree line in.the Koksoak, Whale and George River s. 

It is of interest to inquire into the factors which limit salmon to 

the se ri vers and ask whythey do not breedfarther north in the Leaf 

and Payne Rivers. 

The salmon is important in the economy of the Eskimo in­

habitants of the region who relyonittoprovidemostof theirwinter 

dog food. Records of the fisheries are seant but over the years they 

have shown decreasing returns. It could be inferred from this 

that the salmon are unable to maintain them selves against the com­

bination of the natural di sadvantag es of thei r envi ronment, and al so 

the demands of afishery. Is this inference supported by biological 

evidence? 
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In an effort to answer the se questions a study of the salmon 

populations of the Koksoak and GeorgeRivers wasinitiated in 1955 

and continued in 1956 and 1957. The areas visited during the in­

vestigation are shawn on the accompanying map (Figure 1). The 

location of the 1955 field work, Lac Aigneau, proved unfortunate; 

it was found that migratory fish were unable to ascend the Koksoak 

River and its tributaries as far as the lake. In 1956 further field 

work was undertaken at Helen Falls on the George River, and in 

1957 at stations along the Koksoak River and its two major tribu­

taries, the Larch and Kaniapiskau Rivers. Most of the work em­

bodied in this the sis was accompli shed during the se latter two sea-

sons. 
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Scole 35 miles to one 

FIGURE 1. The major rivers draining into Ungava Bay. 
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EARLIER INFORMATION ON THE SALMON 

AND 

DETAILS OF THE FISHER Y 

An early record of salmon in the region of Ungava Bay is 

given byMcLean (1849) whospent the yearsbetween 1830 and 1835 

in this district as an employee of the Hudson's Bay Company. He 

states that in the lakes of the vicinity onlywhitefish, trout and carp 

are taken; that a few salmon are caught now and then in the river; 

but that there is no doubt this fish abounds on the coast. A certain 

amount of confusion exista in theliteratureas totheidentity of cer­

tainspecies of fish. The termcarpprobablyrefers to the longnose 

sucker (Catostomus catostomus) which is plentiful in the lakes of 

this locality. The earlier references to salmon are especiall y prone 

to inaccuracy as the vernacular name for the Arctic char (Sal velinus 

alpinus) is "salmon" or 11Hearne 1 s salmon" in the north. Bell (1884) 

obviouslyconfusesthese two species when he reports Hearne's ob­

servations on the salmon of Hudson' a Bay and the Churchill River. 

He himself reports the Indiana as capturing in gill nets a species of 

salmon (on the east coast of Hudson' s Bay) which bore a strong re­

semblance to the common salmon (Salmo salar) in outline, fins, 

head and mouth and had the sameflesh colour and flavour. He also 
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reported the salmon fishery being carried out in Ungava Bayby the 

Hudson' s Bay Company, whotransported the catch to England to be 

sold. This fisherybegan in 1881 in the Koksoak River and four years 

1ater was extended to the Whale and George Rivera. 

Lucien Turner ( 1885), who was stationed at Fort Chimo from 

1882 to 1884, gives the following details about the fishery. Fishing 

was carried out by gill nets of from sixto six and one half inches in 

mesh which were run out from the shore at various fishing stations 

in thetidal parts of the estuary. The nets were handled bywhite men 

and natives, the latter having been introduced to this method of fishing 

bythe white s. Originallythefish were purchasedfrom the netsmen, 

washed down, packed in crates and frozen aboard the "Diana", the 

''Diana" being a steamer fitted with a dry air freezing plant, which 

was sent annually from London for the purpose. At the end of the 

season the ship returned to England where the catch was auctioned 

ontheLondonmarketandbroughtfrom 1s. 6d. to2s. 6d. perpound. 

Later it was found more convenient and profitable to split and salt 

the fish for transportation. 

Turner reports the catches duringthe firstfour years ofthe 

fi shery as follows:-
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1881 40 tons: average weight of fi sh 19,0 lbs. 
1882 24 Il Il Il Il Il 16.0 lbs. 
1883 38 Il Il Il Il Il 14.5 lbs. 
1884 less than 

40 tons Il Il Il Il 14.7 lbs. 

The returns from the fisheryvariednot only because of the varying 

abundance of fish but also because, depending as it didon the sorne-

what uncertain enthusiasm of the natives towards the work, the same 

fishing effort was not maintained from year to year. The enterprise 

was not altogether successful and returnsfrom thefisherygradually 

dimini shed. 

Low reported in 1895 that the catch for the Koksoak River 

averaged about 100 tierces ( 1 tierce equalling probabl y about 300 

lbs.) and that the catches from the Whale and George Ri vers aver-

agedabout 50 and 120 tierces respectively. Thefollowing year (1896) 

he wrote that the catch had fallen to half this amount and in 1897 it 

was an almost total failure (Low, 1898). The catches, which had 

diminished considerabl y since commercial fishing first began, ap-

parently continued to decline until, in the early 1930 1s, the fishery 

was finall y abandoned. 

Mter commercial fishing was abandoned, a certain amount 

of netting was still carried out by the natives, salmon being parti-

cularl y valuable to them as a source of dog food for the winter. 
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Dunbar and Hildebrand ( 1952) give some figures for the 

annual catches from the Koksoak and George Ri vers in recent times. 

The present catch in the Koksoak varies from 6 to lessthan 2 tons. 

In 1947 it was estimated at about 35 barrels (one barrel equalling 

approximatel y 300 lbs.), in 1948 it was less than 14 barrels. The 

George River catch in 1947 was about the same as on the Koksoak, 

but in 1948 it had fallen to 1ess than 5 barrels. 

In recent years the Ungava Eskimos have taken to congre­

gating at Fort Chimo during the sum.mer months where many of the 

men can obtain work. Since the period during which work is available 

coïncides with the salmon run, fishinghas been virtuallyabandoned 

on most of the ri vers and catches reflect the fishing effort ratherthan 

the actual abundance of fish. 
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DESCRIPTION OF THE MAJOR SALMON RIVERS 

THE KOKSOAK RIVER 

The Koksoak River is the largest river flowing into Ungava 

Bay, having a watershed approximately 60,000 square miles in 

area. The river is formed by the junction of two major tributaries, 

the Larch and Kaniapiskau Rivers, and flows in a northeasterly 

direction for about 90 miles before entering the sea. During the 

entire distance it receives only one tributary stream of any size, 

namely the High Fall Creek, and this is obstructed by falls a few 

hundred yards from where it enters the main river. The river 

varies in width from one half to one and one half miles, flowing 

through a wide, shallowvalleyflanked bylowhills. The floor of the 

valley is woodedfor thefirst 30milesandtreesgrowfor sorne dis­

tance up the sides of the surrounding hill s. Near the sea the trees 

are smaller and less frequent until below Fort Ch~mo, 30 miles 

from the coast, they are virtuallyabsent. Along the river's upper 

reaches the lowbanks are composed either of sand or boulders and 

the channel is obstructe d by a numbe r of large flat-topped islands 

with steep shores of sand and gravel. The tidal influence extends 

for 60 miles from the sea to a mile-long series of rapids which 

occur wh.ere the channel of the rive r i s c onstricte d by sorne low, 

rocky islands. 
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Below these rapids the banks become increasingly composed of 

boulders and rock and nearer to the sea theybecome quite steep and 

irregular, often rising straight out of the water at high tide. The 

current is rapid, varying between 3 and 5 miles per hour, and be­

cause of the exceptionally large tides which occur in the south of 

Ungava Bay swift currents sweep in and out of the estuary with the 

ti de. 

KANIAPISKAU RIVER: The Kaniapiskau is the larger of the two 

rivers whichform the Koksoak. From its source in Summit Lake, 

just south of latitude 53°north, it flows a distance of about 400 miles 

to the Koksoak. Although it car ries about twice the volume of water 

of the Larch River, it is of little importance to migratory fish as 

only the lower 20 miles, below the 60 foot high Limestone Falls, 

are accessible to the fish. Only two tributaries enter the river in 

this stretch andneither can be successfullyascended for more than 

half a mile. 

LARCH RIVER: This river originates in Shem Lake 890 feet above 

sea level n ear the highland dividing the drainage westward into 

Hudson's Bay from that eastward into Ungava Bay. The Larch runs 

in a northeasterly direction for most of its 200 mile course to the 

Koksoak. The uppe r reaches, b etween Shem Lake and Natuakami 

Lake, a distance of 54 miles with afall of 370 feet, consist of numer-
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ous shallow boulder-filled rapids, without any direct falls. The 

surrounding country doe s not slope with the ri ver which consequent! y 

flows in a deep valley. Black spruce (Picea mariana) and tamarak 

(La rix laricina) grow on the floor of the valley and for sorne di stance 

up its rocky walls. Natuakami Lake is an expanded portion of the 

river with little current, is 15 miles long and varies from one quarter 

to 3 milesinwidth. Low (1896) statesthat Indianshe met here re­

ported taking a few salmon in the lake but that the majority ascended 

the Kenogamistuk, now named Rivière du Gue, to spawn. The 

Rivière du Gue is larger than the Larch andflows into it on its south 

bank sorne 40 miles below Natuakami Lake. Just 5 miles above its 

junction with the Larch the du Gue receives a large tributary 1 

the Clearwater River, on its east bank. The lower reaches of both 

the du Gue and the Clearwater are shallow and swift with boulder­

strewn beds and numeroùs rapids. After receiving the du Gue the 

valley of the Larch widens out and the ri ver varies from 400 to 1, 000 

yards in width. The shores are generall y sandy with steep banks 

and numerous boulder-strewn points. The river is moderately 

swift havinga current ofapproximately 4 miles per hour. For the 

last 8 miles of its course the valleynarrows and the river falls sorne 

60 f e et in a number of swift rapids to where it joins the Kaniapiskau 

River to form the Koksoak. 
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THE GEORGE RIVER 

The George River originates in Lake Hubbard, on the Labrador 

plateau Lat. 54° 46 1 north, at an altitude of approximatel y 1, 700 fe et, 

and flows northwards parallel tothe Quebec-Labrador boundary for 

a distance of over 350 miles before it entera the sea in the south­

eastern corner of Ungava Bay. The head waters consist of a chain 

of small lakes connected by a series of shallow rivers filled with 

rapids. The first falls on the river, "Les Trois Cascades", Lat. 

55°26 1 north, occur sorne 71 miles from its source and are followed 

approximately 13 miles lower down stream by a second falls. Al­

though the river is exceedingly fastflowing and contains numerous 

rapids, many of which exceed a mile inlength, the only major falls 

along its course are at Helen Falls, Lat. 58°9 1 , 16 miles abovethe 

tidal water. The head waters, situatedonthe flat table land of the 

plateau, are in a region lacking noticeable undulations, but farther 

down the valleyfirst hills and thenmountains close in on either side 

of the river. In the region oflndian House Lake thehills reach 800 

to 900 feet above the level of the river andfor the remainder of its 

course the river flows in a deepvalley between ranges of hills and 

mountains. The more prominent of these ranges were named by 

Mrs. Hubbard who travelleddown the river in 1905. Inher account 
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FIGURE 2. Looking down the Kaniapiskau River from the 
height of the Manitou Gorge portage trail. 

FIGURE 3. The George River at Helen Falls. 
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of thejourney, "A Woman 1s Way Through UnknownLabrador", she 

not only gives a very good description of the country, but also prov­

ides a reliable map of the river. 

The shelter aiforded bythese hills accounts for the increas­

ingl y rich vegetation which is found in the lower reaches of the valley. 

At Helen Falls it is probably at its most luxuriant. Herethe forest 

association, consisting of the co-dominants black spruce and tama­

rack or larch, forms an almost continuous, ü not very dense, cover 

on the valley floor and the adjacent slope s to a height of sorne 800 fe et 

above the river. In the thicker stands the trees grow from 6 to 10 

feet apart with an average height of 35 fe et and a diameter at br east 

height (d. b. h.) of 8 to 10 inches. Growth is slow, growth rings being 

generallylessthan 1 mm. per year. Willowand alderform a dense 

scrub near the mouths of tributary streams and along the course of 

the main channel, where the sandy banks are replaced by cobbles, 

boulders or bedrock. A detailed account of the vegetation of the 

river is given by Rousseau ( 1949). 

THE WHALE RIVER 

This is the smallest of the three major salmon ri vers empty­

into Ungava Bay. Lying between the Koksoak and George, it flows 
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through similar terrain. The Whale River is probably some 300 

miles long, but since portions are at present incompletel ymapped 

and no account is available of anyone having travelled along the 

river, it is impossible to estimate howmuch of its length is acces­

sible to migratory fish. The river was formerly fished commer­

cially by the Hudson's Bay Company and Eskimos who inhabit its 

estuary say the river contains a large run of salmon. If this is so, 

it must be asswned that the river contains a reasonable area of 

accessible spawning ground. On the 8 miles to one inch National 

Topographical map, which is the best available, a nwnber of rapids 

but no falls aremarked along the lower 120 miles of the river, so 

preswnably this stretch at least is available for spawning salmon. 
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CLIMATE 

A complete anal ysis ofthe climate of this region can be found 

in "Climate of Eastern Canadian Arctic and Sub-Arctic" (Hare -

1950) from which work the following figures have been obtained. 

The annual precipitation over the watersheds of the Koksoak, George 

and Whale Ri vers amounts to between 20 and 25 inches per annum., 

of which approximately 8 inches falls in the form of snow. The 

wettest season of the year is the summer when the mean rainfall 

is approximatel y 3. 0 inche s per month. The mean annual tempera­

ture of the regionliesbetween 20° and 25°F.; however, during the 

sum.mer there are on average 150 da ys during which the mean tem­

perature is above 32°F. The extremes of temperature range from 

below -40°F. in mid-winter to above 80°F. at the height of the 

sum.mer. The range of diurnal fluctuations in air temperature 

duringthe summermonths, whenthesefluctuations will be reflected 

intherivertemperature, isapproximately 20°F. Lyingas theydo 

in subarctic regions, most of the watersheds of these rivers are 

within the zone of permafrost and only sorne of the head waters 

extend south beyond this. 
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PHYSICAL LIMNOLOG Y 

The river beds vary in composition from bare, clean rock 

and boulders to gravel, sand or even silt in sorne of the quietest 

stretches not exposed to the current. There is a noticeable lack of 

any kind of aquatic vegetation growing over the bottom. The banks 

are of similar mate rials and in many places faU very steepl y from the 

ri ver terrace. Where they are of sandymaterial and too steep, they 

are un stable and, being continuall y eroded, are devoid of vegetation. 

The wateris usuallyexceptionallyclearand even during the 

spring run-off the bottomis visibleto adepth of 3 feet, while later 

in the summer it can be sighted at depths of over 8 feet. The Larch 

River is an exception to this; at one point about 8 miles above its 

junction with the Kaniapiskau it has steep blue clay banks and during 

the spring run-off the eroded particles of clay from these banks 

colour the who1e river so that it is onlypossible to see a few inches 

into the water. Theturbidityofthewateris suchthatits effects are 

visible 80 miles down stream. The water clears later in the summer 

when the level falls belowthe claybank tothe gravel beach beneath. 

The volume of the se ri vers depends entirel y on the season. 

During the spring run-off the water level ma y be anything from 10 

to 15 feet above the normal summer level. The George River at Helen 

Falls on Jul y 4, 1956 hadfallen only afew inches below the level of 
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its spring maximum. From then until the middle of August it con­

tinuedto fall, slowly at firstand then more rapidly, until finally it 

settled at a level 10 to 12 fe et belowthe spring high. A similar pat­

tern was followed by the Koksoak River in 1957. During the run-off 

there is a great deal of bank erosion, especiallybyice, which gouges 

and scrapes the banks so that in many places theymaintain an angle 

of 45° with the horizontal. There is a small ri se in water level in 

the fall prior to freeze-up, and following this, during the winter, 

the level probablydrops toits lowest ebb, since drainage will be at 

a minimum during this time. 

Spring break-up commencesfirst in the headwaters of the se 

rivers and progresses down stream. The ri vers are normally ice 

free by the first week in June but the actual date varies accordingto 

the season. In 1956, owing to an unusually late spring, the George 

River did not open up until the end of that month. Once open, the 

temperature of the water rises rapidly. In Figure 4 the tempera­

ture cycle for the river Aigneau in 1955 and the George River in 

1956 is shown. The graph is plotted using daily maxima. The 

daily means would be at least 1°C. less. An indication of the ex­

tent of the diurnal fluctuations in temperature is givenfor the da ys 

when records are available. The se are, however, minimal esti­

mates as on no daywas the complete 24-hour cycle recorded. The 
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cooling of the river water in late August and September coïncides 

with the deterioration in the weather and the first snow falls, which 

usuallyoccurin earlySeptember. The rivers begin to freeze over 

in November and by the end of Decembertheyare usually well cov­

ered withice. Evenin the severest winters, however, parts of the 

rivers remainopen; for example Helen Falls on the George River is 

never frozen. The se patches of open, turbulent water may cause a 

considerable cooling of the river during the winter months. 

Althoughno systematic measurements of the pH of the water 

were made, the few spot measurements taken indicate that the water 

is usually slightly acidic, having a pH value of between 6 and 6. 5. 

Manymeasurements of the oxygen content of the water were made in 

connection with the physiological experimenta described in the sec­

tion on metabolism, and these show that the water is at aU times 

well supplied with oxygen, the percentage saturation with that gas 

being between 90 and lOOo/o. The Kaniapiskau River is exceptional 

here in that at Manitou Gorge, where the measurements were take~ 

the water was consistent! y supersaturated with oxygen, percentage 

saturation values fluctuating between 110 and 120. 
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METHODS OF FISH COLLECTION AND EXAMINATION 

Nylon gill nets of variousmesh sizes were extensivelyused 

to capture specimens. The nets rangedin sizefromfine 1-1/2-inch 

mesh nets which took smaller fish, particularly juvenile salmon, 

to heavy 6 and 6-1/2-inch mesh nets for the capture oflarge adult 

salmon. In places where the current wastooheavy and there were 

no suitable eddies in which to set nets, fishing rods were resorted 

to, with great success, chiefly for catching salmon parr. A one­

inchmesh, four-foot hoop, Fyke net served to a lesser extent prin­

cipally to obtain the specimens required for the measurement of 

metabolic rate. Hand nets were employed to collect fish fry and 

ather small fish. Fishing was least successful earl y in the spring 

when the river was cold and swollen with spring melt water. It im­

proved as the river subsided and was at its best during the month of 

August and earl y in September. 

The salmon were examined in the following manner. The 

length of each specimen was measured to the nearest 1/2 cm. from 

the tip of the snout to the end of the central ray of the caudal fin. 

The young stages, parr and smolts, were weighed to the nearest 

gram, using a bearn balance sensitive to 1/10 of a gram, while the 

adults were weighed to the nearest 1 /2-lb. on a spring balance cal ­

ibrated in 1/ 4-lb. divisions. A sample of scales was removed from 

each fish from an area slightly anteriorto the dorsal fin and above 
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the lateral line. The fish were dissected and the sex and condition 

of the gonads recorded. The stomachs were openedand samples of 

the undigested food removed, finally the fish were inspected for 

parasites. 

SPECIES OF FISH COLLECTED 

Lac Aigneau: 

Ten species offish weretaken eitherinthe lake or the river 

which flows into it. Of the se ten all but two had been recorded previ-

ously as occurring in the Ungava watershed byDunbar and Hildebrand 

(1952). The Longnose Dace (Rhinichthys cataractae Valenciennes) 

and the Mottled Sculpin ( Cottus bairdii Girard) are the two specie s 

of which there are no previous records from the region. In both 

cases their occurrence in Lac Aigneau representa a considerable 

northward extension of their range into the Ungava watershed. 
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SPECIES RECORDED AT LAC AIGNEAU - 57° 15'N, 70° 8'W 

Brook or speckled trout - (Salvelinus fontinalis Mitchill) 

Three spined stickleback - (Gasterosteus aculeatus Lin-

na eus) 

Northern Pike - (Esox lucius Linnaeus) 

Arctic char - (Salvelinus alpinus Linnaeus) 

Ouananiche - (Salmo salar ouananiche Jordan and Ever­
man) 

Burbot - (Lota lota maculo sa LeSueur) 

Mottled sculpin* - (Cottus bairdii Girard) 

Longnose dace* - (Rhinichthys cataracta-e Valenciennes) 

Northern lake chub - (Couesius plumbeus Agassiz) 

* I am indebted to Dr. W. B. Scott of the Royal Ontario Museum for 

the correct identification of these species, specimens of which are 

now in the Museum collection. 

The first four species on this list, which is arranged in the 

approximate order of abundance, can be regarded as common while 

the last four are apparently infrequent. 
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GEORGE RIVER: 

A total of 12 species offish were collected, ten ofwhichhad 

previouslybeen recordedfrom the George River (Legendre & Rous­

seau 1949, Dunbar & Hildebrand 19 52). A thirteenth, the three 

spined stickle-back, was observed visually and the species was 

recorded by Dunbar and Hildebrand (1952). The two species not 

previousl y listed as occurring in the river are the round whitefish 

(Prosopium cylindraceum Pallas) and the mottled sculpin. This 

is the second record of the latter species occurring in the Ungava 

watershed. Surprisingly P:tosopilirn was found to be one of the 

commonest species inhabiting the river and over 300 specimens 

weretaken. Dunbar and Hildebrand considerthe species to be rare 

in the Ungava Bay drainage and obtained only a single specimen 

from a native fi sherman at McKay1 s Island on the Koksoak River. 

The onl y other record for the region i s a specimen, now in the 

U. S. National Museum, taken by Turner in 1885, also from the 

Koksoak River. The apparent scarcity of this fish is possibly due 

to its small size. The majority ofthe specimens taken ranged be­

tween 18 and 26 ems., the largest being 39 ems. Fish of this size 

would not often be taken in the usual size ofmesh gill net used by 

the natives in their fishing activities. 
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SPECIES RECORDED AT HELEN FALLS, GEORGE RIVER 

65° 50 1 N. 58°8 1 W. 

Atlantic salmon - (Salmo salar) 

Round whitefish* - (Prosopium cylindi'aceum) 

Longnose sucker* - (Catostomus catostomus) 

Lake whitefish* - (Coregonus Clupeaformis Mitchill) 

Brook trout - (SalvelinU:s fo:htin:alis) 

Lake trout - (Cristivomer n:a:m.a:ycush Walba:um.) 

Arctic char - (Salvelinus alpinus) 

Slimy sculpin* - (Cottus cognatus gra:cilis Hackel) 

Mottled sculpin* - (Cottus bairdii) 

Northern lake chub* - (Couesius plumbeùs) 

Common white sucker* - (Catbstotnus comtnérso:hi LeSueur) 

Northern pike - (Esox lucius) 

* I am indebted to Dr. W. B. Scott of the Royal Ontario Museum 

for confirming the identification of these species, specimens of 

which are now in the Museutn collection. 

The first six species on this list, which is arranged in the 

approximate order of abundance, can be regarded as common while 

the last two appear to be rare. 
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KOKSOAK RIVER AND LOWER REACHES OF THE LARCH AND 

KANIAPISKAU RIVERS: 

The list for this locality is the same as that for the George 

River with the last three species omitted and replaced by the long-

no se dace (Rhinichthys ca:taractae), the burbot (Lota lota màculosa) 

and the three spined stickleback (Gastrosteiis aculeatus). The 

six commonest species in order of abundance are: Atlantic sal-

mon, brook trout, round whitefish, longnose sucker, lake whitefish 

and lake trout. These, and probably the Arctic char, can be con-

sidered common. Neither the longnose dace nor the burbot appear 

to be veryplentiful. Specimens of round whitefish and lake whitefish 

taken in these ri vers are now in the collection of the Royal Ontario 

Museum. 

f 
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THE LIFE CYCLE OF THE SALMON 

Salmon spawn late in the year in redds, or nests, excavated 

by the females in suitab1e locations in streams and rivers. The 

development of the eggs takes place duringthe winter and the young 

fry, or alevins, hatch the following spring. At first the fry are 

nourished by food material stored within the yolk sac and live a 

retiring existence hidden in the gravel in which the redd was situ-

ated. Wh en the yolk sac has been absorbed the fry, now known as 

parr, begin making excursions from the bed of the ri ver to the sur-

face in search offood. Parr are distinguished bythe presence along 

the flanks of 7 to 12 dark vertical finger markings with a single 

red spot between each. They remain in fresh water for a period 

of from 1 to 7 years before theytransform into smolts and migrate 

to the sea. Smolt metamorphosis is characterized by changes in 

appearance as well as behaviour. The parr markings disappear and 

the fish becomes silvery in colour. The fins change from yellow 

to black, and the body becomes slimmer. Metamorphosis and 

migration usuallyoccur inspring andthefishbenefitsfrom spend-

ing thefollowing summerin the sea. Littleis knownof themarine 

phase of the salmon 1s life except thatit occupies aperiod of from 

1 to 4 years during which growth is extremely rapid. Following 

this the salmon, now nearing maturity, return to the rivers of 

their origin to spawn and so complete the cycle. 
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AGE DETERMINATION 

Scales are used in the age determination of Atlantic salmon 

and the method has been so well established since it was first 

suggested by Johnston (1905, 1907, 1908 and 1910) that it is un­

necessary to attempt to substantiate it further. Pyefinch ( 1955), 

in "A Review of the literature on. the Biology of the Atlantic Sal­

mon11, gives a long list of references dealing with this subject. 

Scales appearing during the first summer as microscopie 

platelets embedded in the epidermis of young salmon grow rapidly 

until the body is completely covered. Since thenumber of scales 

is approximatel y constant throughout life and the body once covered 

remains thus, the size of the scales, once formed, is proportional 

to the size of the fish. As scales grow, concentric annuli are laid 

down around the original platelet. The distance between these 

annuli varies, so thatduringthe summer whengrowthis rapidthey 

are more widel y spaced than during the colder months when growth 

is proceeding slowly or not at all. Knowing this, and with sorne 

practice, it is comparativelyeasy to determine the age of a salmon 

from one of its scales, provided that the scale is not a regenerated 

one. A scale which has been accidently damaged or scraped off 

at any time can be recognized by the scar tissue in its c entre. 

Scar tissue quickly replaces alost scale and onlywhen the proper 

size has been attained are annuli laid down around its edge. When 
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adult salmon spawn the edges of their scales become eroded. The 

reasons for this are not properly understood but it is undoubtedly 

connected with the strain of reproduction. Should a salmon survive 

a spawning its eroded scales are repaired but a characteristic scar 

or spawning mark remains. (Figure 5). In this wayit is possible 

to determine whether a salmon has spawned and, if so, on how 

many occasions. 
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F IGURE 5. A salmon s cal e beari ng a s pawning mark. The fish from 

which this s cale was removed had a parr life of 4 year s 

th durati on, s pawned i n the autumn of it s 7 year and wa s 

8 ? year s old at the time of capture. 
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THE AGE AND GROWTH OF THE PARR AND SMOLTS 

GEORGE RIVER: 

An examination of the scales of the migrating smolt popu-

lation revealed that five age groups were present among them. 

Theyvariedfrom 3 to 7 years old, with the 4 and 5 year old groups 

predominant. In spite of the wide range of ages the mean length 

at migration is approximately the same in aU age groups, namely 

21.5 ems. This reveals the ratherunexpected factthat the young 

salmonare able tomaintain widelydifferent growth rates although 

all inhabit the same ri ver. It al so me ans that in an anal y sis of the 

growth of the juvenile population the se differences cannot be over-

looked. If a growth curve for the parr is computed in the normal 

manner from the mean lengths of each age of fish it indicates that 

the growth rate declines rapidly with increasing age (Figure 6). 

The reasons for this are two-fold. Firstly the fastest growing 2 

yearold parrmigrateas 3 yearold smoltsand henceareno longer 

present in the population. The same happens with the fastest 

growing 3, 4 and 5 year old parr so that the older age groups among 

the parr are composedincreasinglyof slowgrowingfish. Second! y 

an error in sampling affects the curve because in the younger age 

groups the fast er growing, and therefore the larger fish, are more 

likel y to be caught by the methods employed. 
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FIGURE 6. The apparent decline in growth rate of salmon parr, 

from the Koksoak and George Rivera, with increasing 

age. 
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In an attempt to overcomethese errors and present a truer 

picture of growth during the juvenile stages, growth curves have 

been calculated bytaking 1back measurements 1 from scale sam pl es 

of the migrating smolt and adult populations. 

The theory underl ying the se 'back measurements' is as 

follows. If the size of the scales maintains a constant ratio to the 

size of the fish, then it is possible to calculate the length of a fish 

when its scales were a fraction oftheir present length. In practice 

no calculation is necessary. The image of the fish scale under 

investigation is projected onto a flat surface and a narrow strip 

of stiff white paper is placed over the image parallel to its central 

axis. The positions of the tip of the scale, each winter band and 

the central platelet are marked off along the edge of the strip. By 

placing this strip on the correct position on a previously prepared 

scale, the length of the fish when each winter band was laid down 

can be readoffdirectly(Figure 7). As a precaution this was carried 

out on two scales from each fish and excellent agreement was 

found between both estimates. 

In Table 1 the results ofthese 'backmeasurements' carried 

out on scales from the migrating smolt population are given. The 

males and females have been treated separately, but, as can be 

seen, no apparent difference in growth exists between the two 

sexes . This result is in agreement with the findings of Jones 
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Table No. 1 

PARR GROWTH IN THE GEORGE RIVER AS BACK-CALCULATED 

FROM SCALES OF MIGRATING SMOLTS 

Calculatedmean length (cm.) at completion 

of each winter band. Figures in ( ) are for 

a partially complete year 1s growth. 

NO. OF 
AGE SEX SPEC. 1 2 3 4 5 6 7 -- -- - - - - - - -

3+ d' 4 7.25 12.40 17. 60 (20. 5) 
~ 12 6.54 11.20 16.75 (22. 12) 

4+ cl' 22 5.75 9.98 14.18 18.66 (21. 11) 

~ 25 5.80 9.96 14.14 18.38 (21. 04) 

5+ d" 32 5.00 7.92 11.58 15.31 19. 10 (21. 28) 

~ 51 5. 10 8.26 11. 89 15.52 19.26 (21. 18) 

6+ d' 6 5. 00 8.00 10.58 13.91 17.0 20.16 (22. 91) 

~ 17 4.80 7.73 10.76 13.67 16.82 19.94 (21. 71) 

1+ d" 3 4.83 7. 16 9.66 12.33 14.83 17.33 20. 16 (22. 83) 
~ 3 4.66 7. 16 9.66 12.33 15.00 17.83 20.66 (22. 83) 
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(1949) for smolts from the River Dee in England. 

Caution must be exercised in estimating the accuracy of 

results obtained by the se methods. To be reliable, the spread of 

the growth curves for the different aged smolts should correspond 

with the observed spread in the sizes of different aged parr. Un­

fortunatelythis sort of comparisoncan onlybe donetentatively as 

the parr, when collected, are actively growing. Taking the 3 year 

old parr as an example, specimens taken early in the summer 

have completed onl y a small portion of their fourth summer 1 s 

growth, while those taken at the end of the season may have ter­

minated it. The close agreement between the back calculated 

growth curves of the smolts and the length-frequencydistribution 

of the parr is shown in Figure 8, in which, in order to compensate 

for the partial year's growth completed by the parr, their ages 

have been increased by half a year. It is interesting to note that 

the 4 year old parr in this figure show a bi-modallength-frequency 

distribution and that the two modes correspond closely with the 

back calculated sizes of 5 and 6 year old smolts half way through 

the fourth year. 

Another estimate of the reliabilityofthe results is obtained 

by comparing the back calculated growth curves of the juvenile 

population, derivedfrom the smolt sample, with that derived from 

the adult sample. In Figure 9 the se are compared graphicall y. 
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4 5 6 7 8 9 10 Il 12 13 14 15 16 17 18 19 20 21 22 23 

FIGURE 8. The back calculated growth curves of smolts and the 

length- frequency distribution of parr from the George 

River. 
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As can be seen from the figure there is good agreement between 

the resulte obtained from the two sources. The results from the 

adults indicate that there is little river growth in the year of mi-

gration, but this ma y be an artefact due to difficulty in determining 

the exact point on the scales where river growth ended and sea 

growth began. Similarly the slightly higher estimates of length 

at a given age obtained from the adult scales would result if some 

erosion of the scales had taken place. The number of sampling 

and biological errors possible in the se results unfortunately make 

the application of stati stical tests to the data insufficientl y reliable. 

However, the close agreement between the growth curves derived 

from the smolt and adu_lt scales and the way the size ranges of the 

parr overlie the se curves indicate that in all probability the resulta 

are of value and represent a close approximation to the true facts. 

KOKSOAK RIVER AND LOWER REACHES OF THE LARCH AND 

KANIAPISKAU RIVERS: 

The methods used for the analysis of growth during the 

juvenile stages in the George River h a ve been applied here. Un-

fortunately the sample of the migrating smolt population is too 

small to be of much value. Only 17 smoltsweretakenduringJuly 

from the lower r eaches of the Koksoak a nd the se probablyrepre sent 

the wake of the main migration. These smolts rangedin age from 

3 to 5 years. Examination of the ecales of adult salmon revealed 
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that the age at migration of smolt s from the Koksoak and it s tribu-

taries is between 3 and 6 years and, as was found in the George 

River, the 3 year oldmigrantsmaintain agrowth ratethat is con-

siderabl y greater than that of the 6 year olds. As was pointed out 

previously, in an analysis of parr growth these variations must 

be considered. For the Koksoak material, because of the small 

size of the smolt sample, this can onl y be done by back calculation 

from adult scales, and the reliability of the growth curves thus 

obtained can be estimated by comparing them with the length-

frequency distribution of parr of different ages, as has been done 

in Figure 10. The close agreement between the two indicate s that 

the calculated curves offer a reliable indication of growth during 

the parr stages. 

POSSIBLE REASONS FOR THE DIFFERENT GROWTH RATES SHOWN 

BY THE PARR 

Having established that the parr in the George and Koksoak 

Rivers can grow at different rates, the question is raised as to 

how these rates are establishedandmaintained and whether differ-

ences are still apparent after migration? It is possible that growth 

ma y be more fa vourable in one stretch ofthe ri ver than in another; 

however, if this occurs, the parr collected in any one locality should 

all maintain similar growth rates. This is not so. Parr collected 

at Helen Falls, George River show a range of sizes sufficient to 
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5 6 7 8 9 10 Il 12 19 
FIGURE 10. Growth of young salmon in the Koksoak River as 1back 

calculated1 from the scales of adults compared with the 

length- frequency distribution of Koksoak River parr. 
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enable them to be growing at all rates from the slowest to the fast-

est. 

Dahl (1918) describes work which has been carried out in 

Norwa y on factors affecting the growth rate of the brown trout, 

(Salmo trutta), indicating that faster growth is maintained in fry 

hatchedfrom larger eggs. Since then other workhas been published 

on the subject but the results appear to be conflicting. Higgs ( 1942) 

described experimenta on the growth of Kamloops trout, (Saltno 

gairdnerii), which tended to confirm Dahl' s findings. Alm ( 1939), 

working on the brown trout, found that onlyunder uncrowded condi-

tions did the larger fry grow better than the smaller. The eggs 

of salmondiffer in size andDahl (1915) recordsthefollowing range 

of sizes in fertilized salmon ova from a Norwegian hatchery:-

Diametèr of ova 

5.0 mm. 
5. 5 mm. 
6.0 mm. 

6. 5 mm. 
7. 5 mm. 

% Frequèncy 

1 
10 
22 
47 
20 

If different growth r~tes are initiated in different sizes of ova, and 

are maintained, this may explain the discrepancies in the growth 

rates of·the parr. 

RATE OF GROWTH DURING THE GROWING SEASON 

Attempts to demonstrate growth by comparing the means 
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of samples taken at different times during the su.mmer proved 

impossible owing partly to a lack of specimens taken early in 

the season, before growth had begun, and because ofthe complex 

nature of the growth patterns. The growth of the scales can, how­

ever, be followed throughout the complete cycle and, if growth of 

the ecales is indicative of growth of the fish, then the growing 

season can be determined. 

In this region summer growth rings first appear on the 

scales in July. In 1956, which was an unusually late season, on 

approximately 50% of the scales from fish caught on the 21 st, 

22nd and 25th of July summer growth rings were visible. In 1957, 

a more normal season, all the scales fromfish takenat the end of 

July showed swnmer growth at their margina and in a few this 

zone was quite wide. Once growth has commenced, the addition 

of su.mmer growth ring s to the scales takes place very rapidl y 

until by the end of August the scales have, in many instances, 

completed the summer growth. From thenon the annul i are added 

more close l y together so that scales taken in September may re­

semble July scales on which no summer growth is visible. It is 

very probable that the fish themselves have a compara ble growth 

pattern. 

Allen (1940, 1941 band 1944) has shown a similar, though 

rather extended, growth pattern in salmon f rom the Eden and Thurso 
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River systems in Great Britain. He considered temperature to 

have a critical influence on the activity of young salmon. His 

observations suggested that 7°C. was the critical temperature, 

above which the salmon leads an active existence and below which 

they remain quiet. The ri se from below to above this temperature 

in spring marked the commencement of feeding and rapid growth, 

and falling of the temperature to belowthis value in autumn marked 

the end of the period of growth for the year. With the information 

available it is not possible to state with certainty whether these 

considerations apply to Ungave salmon. If the growing season 

corresponds to the cycle of growth shown bythe scales, then it is 

probable they do; however, inmanyinstances animais living under 

cold conditions show sorne degree of adaptation which enables them 

to maintain their activity at lowered temperatures. Taking 7°C. 

as the critical temperature, the growth seasonof the Ungava sal­

mon is re stricted to be\ween 10 and 14 weeks. Even with adaptation, 

the growing season is not likely to be extendedgreatly because of 

the high rate at which the temperature ris es in spring and falls in 

autumn. (See Figure 4) 

Considering 14 weeks to be the growing season and the 

growth of 4 and 5 year old smolts as typical of the region, the 

rate of growth throughout this period is estimated to be 1. 1 ems. 

per month or • 0 39 ems. per day in the George River and 1. 4 ems. 
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per month or .050 ems. per day in the Koksoak. Allen (1941 b.) 

gives figures for the rate of growth between June and August in the 

Eden and Thurso River systems which vary between • 032 and . 040 

ems. per day. (One figure for the first year's growth in Sinclair 

Burn, ThursoRiveris less, being .016 ems. perday). One must 

conclude from the se figures that although the annual growth incre­

ments shown by the Ungava salmon may not be large, their growth 

rate during the growing season is at least as high, and in sorne 

instances higher than that of their southern counterparts. This 

ability to grow rapidly during a brief summer is one aspect of 

adaptation to environment which tends to compensate for the brevity 

of the growing season. 
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SMOLT MET AMORPHOSIS AND MIGRATION 

METAMORPHOSIS AND MIGRATION: 

The typical pattern of smolt metamorphosis and migration 

in Atlantic salmon has already been described. Metamorphosis 

occurs early in the spring and the smolts migrate to sea during 

the same season. In the north the spring is apparently too brief 

for all this to be accomplished and so the pattern is modified. 

In the George and Koksoak Rivers metamorphosis takes 

place throughout the summer and smolts can betaken at all times 

of the year. The main seaward migration, however, occurs in 

Jul y, which is spring in the se latitudes. Evidence that 1 smolti­

fication' may take place throughout the swnmer is obtained from 

the fact that throughout the summer anurnber offish can be taken 

intermediate in appearance between parr and smolts. Unfortun­

ately it is not possible to measure precisely the degree of change 

and, in the case of doubtful specimens, individual opinions would 

differas to what was and what was not a smolt. The metamorphosis 

involves behavioural as well as morphological changes. There is 

a gradual development of a silvery colourationdue to a subcutan­

eous deposit of guanin which obscures the characteristic finger 

markings of the parr. When sorne of the scales are scraped off, 

as often happens when the fish are taken in gill nets, the parr 

markings become visible once more. Allen ( 1944), in assessing 
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the degree of smolt development, made use of changes in the colour 

of the pectoral fins from the characteristic yellow of the parr to 

the black of the smolt, these changes being more easily measured 

than the degree of development of the silvery coat. 

At Manitou Gorge in the Kaniapiskau River large shoals of 

partly metamorphosed parr and smolts were encountered in late 

August and September. These shoals consisted mainly of 3 year 

old fish with a few 2 and 4 year olds present. It is interesting 

that the mean length of the 3 year old fish in these shoals is sig­

nificantly larger than the mean length of 3 year old fish in other 

parts of the Koksoak system; 19.5 .:t. 17 as against 16.2 :t. 20 in 

the tidal rapids and 17. 1 ±. 44 in the Larch River. This is not 

unexpected since only the largest and fastest growing 3 year old 

fish will migrate as 4 year old smolts. 

The re was a noticeable lack of young er parr in the Manitou 

Gorge and, sin ce the se shoal s were absent earlier in the year, it 

appears thatparr, whichmetamorphoseduringthe summer, begin 

to form shoals in the upper rea che s of the ri ver du ring the autumn 

prior to the year of migration. Although a number of sm olt s were 

taken in September in the Larch Ri ver no large shoals were en­

countered similar to those just described from Manitou Gorge. 

It is possible that the smolts which form shoals in September 

migrate in the autumn as has been describedfor a river in Scotland 
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by Calderwood {1906); however, there is no evidence forthis. 

The percentage of smolts in the catches of juvenile salmon at 

Helen Falls, George River, during the spring migration was ap­

proximately 90o/o. During the first week in August it fell to 40o/o 

and remained at that level until September ath whenfishing ceased. 

Fishing that was carried out on the 15th of September at the upper 

limit of tidal influence on the Koksoak failedto reveal any smolts. 

Finally the Eskimos, who are well aware of the spring smolt 

migration, have no knowledge of any similar migration in the faU. 

FACTORS AFFECTING THE MIGRATION: 

Considerable attention bas been directed towards eluci­

dation of the factors responsible for .initiating smolt migration. 

Temperature, Hoar (1953), White (1940); thepresenceoffreshets 

after local rainfall, Bull ( 1931 a, b), Berry (1932), ( 1933), Allen 

( 1944); light and storm conditions have all be en considered sources 

of migratory stimuli. Temperatures in the Koksoak and George 

are sufficientlyhigh (above 12°C.) in Julyfor migration; but factors 

such as freshets are probably of minor importance and are over­

shadowed bythe effects ofthe spring run-off. Of a different nature, 

recent work by Hoar (1953) and Fontaine (1954) bas stressed the 

importance of the neuro-endocrine changes which accompanymeta­

morphosis and alter the internai environment of the fish in response 
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to, or in anticipation of, migratory stimuli. 

A number of fish were caught in the George and Larch 

Rivers which appear to have failed to migrate upon attaining a 

suitable size; for example specimens 29. 5, 32 and 36 ems. in 

length taken in early August in the George River and similar in 

appearance to normal smolts. Back calculations on the scales of 

these fish indicate that they attained a suitable size for migration 

during the fourth summer (ie; 3 + years) in the case of the 36 cm. 

fish, and during the fifth summer (ie; 4+ years) in the case of 

the other two. All were in their sixth summer at the time of cap­

ture. Similarly a fish takenin the Larch River 29 ems. in length, 

and possiblytwo others 27 ems., appear to have remained in fresh­

water longer than necessary. Power ( 1958) has suggested that, 

in salmon populations exposed to sever el y cold climatic conditions, 

the development of a susceptibility to migratory stimuli may be 

retarded more than is the development of sexual maturityandpop­

ulations which contain a relativelyhigh percentage offish maturing 

prior to migration may result. If the se forms become isolated in 

an y wayfrom the migrating forma, populations of freshwater (land-

1ocked) salmon can arise. 

When the migrating smolts enter Ungava Bay in July and 

earl y August they encounter verylowtemperatures. The tempera­

tures recorded by the ''Calanus 11 (Dunbar 1951 and personal corn-
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munication) at Station 41, 50 miles north of the George River in 

August 1947 were 3. 4°C. surface, 2. 6°C. at 20 metres and O. 5°C. 

at 50 metres. In July the temperatures are even lower, being 

between 1° and 2°C. at 20 metres andrising to amaximum at the 

surface of perhaps 1. 5°C. above this. What effect exposure to 

such lowtemperatures has on themigrating smolts or howit effects 

their chances of survival is not known. 

SIZE AND AGE AT MIGRATION: 

This has alreadybeenmentioned brieflyin the section deal-

ing ·with the age andgrowth of the parr and smolts. Information is 

availablefrom two sources, actual samples of themigrating smolt 

population and samples ofthe adult population. Since the age com-

position of salmon populations is relativel y stable, information 

from the two sources in respect to the ages of smolts at migration 

should be supplementary. In Table 2 the ages and sizes at migration 

of the George River smolts, as estimated from samples of the 

migrating smolt and adult population, are compared with similar 

data for the Koksoak River smolts. 

It is a well established fact that the age at migration of 

salmon smolts varies with the latitude.* In the south, parr life 

is short, 1 year often being sufficient for the young salmon to attain 

the smolt stage. The l ength of parr life increases towards the north 

* In this discussion the word latitude is used loosely and by it is 

implied lines connecting plac es of the same mea n summer t em-

perat ure . 



50 

Table No. 2 

The length at migration of smolts from the George and 

Koksoak Rivera as estimated from samples ofthemigrating smolt 

population and ealeulated from seales of Adult salmon. Numbers 

in ( ) indieate the size of eaeh sample. 

LENGTH AT MIGRATION (ems.) -AGE 

AT GEORGE RIVER KOKSOAK RIVER 

MIGRATION Sm olt Cale. from Sm olt Cale. from 
Sample Adult Sample Adult 

Seales Seales 
21.8 19.9 21. 3 18.6 

3 ( 16) ( 8) (11) ( 16) 

21. 1 21.8 21. 3 21. 1 
4 (47) (35) (5) ( 61) 

21. 6 22. 1 20.5 22.9 
5 (86) (52) ( 1) (21) 

22.0 22.0 26.0 
6 (23) ( 12) ( 3) 

22.3 24.2 
7 ( 6) (2) 
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so that very often 3 or 4 years are spent in the rivers prior to 

metamorphosis and migration. This increase is seen in its extreme 

development on the George River where the average age at mi-

gration of the smolts is between 4 and 5 years and parr 7 years 

old are not rare. Conditions in the Koksoak are apparently not 

so unfavourable and the age at migration, as estimated from the 

adult scales, is significantly less than in the George. 

Mean age at migration in the Koksoak River - 4. 11 

Mean age at migration in the George River - 4. 68 
x -x' 

(Fisher 1954) 

: 5. 4 n - n + n - 210 - 1 2 -

Pis less than . 001 

This conclusion upholds the opinion expressed earlier that 

the growth rate of the parr is higher in the Koksoak than in the 

George River. 

Although the age at migration varies with the latitude no 

similar correlation with size at migration has been described. 

Previous workers have paid a great deal of attention to the problem 

and their results indicate that size at migration is independent of 

latitude , at least over short distances. Pentelow et al. ( 1953) 
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regard the attainment of a certain physiological condition, which 

is connected with size, necessary before parr transform into 

smolts. Jones ( 1949) is of the opinion that growth rate is the most 

important factor in determining the age at which smolts migrate. 

Fish with a high growth ratemigrate younger and at a lower mini­

mum sizethan thosethat grow more slowly. Allen (1944), in dis­

cussing the migration of smolts in the Thurso River, agrees that 

size is important, but only indirectly inasmuch as it reflects the 

physiological condition of the fish. El son {1957), in attempting to 

reconcile all o-pinions, suggests that the critical size factor is not 

the size ofthe smolt s during migration but the size they had attained 

at the end of the previous summer. He suggests that in general 

parr which reach 10 ems. or more in length at the end of the summer 

will migrate the following spring. Variations in the lengths of 

smolts from riverto river a~e accountedfor by differences inthe 

amount of growth shown in the year of migration and by the extent 

to which the parr had surpassed the 10 ems. length by the end of 

theprevious year. AlthoughElson's suggestionis applicable tothe 

date at present availab1e, it cannot be applied to either the George 

or Koksoak Rivers as the majority of the parr in these rivers do 

not migrate until 2 or 3 years after they attain 10 ems. in length. 

Probabl y the safest approach to the problem of smolt size 

at migration i s to state that it i s a function of the size at birth, the 
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age at migration and the annual growth rate. The age at migration 

and the growth rate are influenced by many factors, sorne of which 

can be broadly correlateq with latitude. In the form of an equation:-

L Ill Lb+ R 1 + R 2 ------RA 

Where L : the length at migration 

Lb = the length at birth 

A : the age at migration 

R 
1

, R
2 

etc. are the growth increments during the 

1 st., 2nd. and subsequent years. 

Ais known to be roughlycorrelated with latitude although the 

actual physiological mechanisms which regulate it are un­

known and therefore cannat be evaluated at present. 

R, is determined by 2 factors:-

(1) The length of the growing season which can be cor­

related wi.th latitude. 

(2) The rate of growth during this period which is af­

fected bymanyvariables, eg: the abundance of food, 

the intensityof competition, the temperature regime, 

many of which on any given meridian are latitude 

dependent. 

With such a complex set of variables it is unlikely that a 

simple relationship exists between them. Bath A and R are in­

fluenced by the latitude, but in opposite directions. Since L is 
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a function of both A and R over short distances, an increase in one 

will tend to be offset by a decrease in the other, and variations 

in L between one ri ver and another are attributable to factors which 

determine the seasonal growth rate. 

In the George andKoksoak Ri vers the shortness of the grow­

ing season is partly compensated for by a high seasonal growth 

rate and, where this occurs, L increases in a manner comparable 

with the increase in age at migration (A). If this condition is typical 

of rivers of the northernfringe ofthe range of the salmon, then it 

should be possible to demonstrate a correlation between length, 

(as well as age) at migration and latitude, provided sufficient of 

the range is included. 
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THE AGE AND GROWTH OF THE ADULT SALMON 

The adult salmon can be di vided into three groups; the 

grilse, which have spent the summer ofthe year ofmigration, one 

winter and most of the following summer at sea before returning 

to spawn; the small summer fish which have spent an additional 

winter and part of the following summer at sea before returning; 

and finally, fish which havepreviously spawned. Ofthese groups 

the second is by far the largest, comprising 87. 9o/o of the total 

of 124 fish from the George River and 88. 5o/o of the total of 113 

fish from the Koksoak. The grilse are probably not well repre-

sented in the totals as many of them would not be caught in large 

mesh gill nets. This is particularl y true of the size of net used 

by the Eskimos. In a sample of 102 salmontaken bynativefisher-

men at Fort Chimo in 1957 no grilse were present. 

The sizes and weights of the various classes of adult sal-

mon are given in Table No. 3. No significance should be attached 

to the slightly larger size of the Koksoak salmon. This is the 

result of a sampling bias, most of the Koksoak salmon being caught 

bynativefishermen who employlargermeshnetsthan were used at 

George River. 

The most interesting observation that can be derived from 

the figures isthat the marine growth of Ungava salmon is as rapid 

as that of salmon from more temperate regions. In Table No. 4 
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Table No. 3 

SIZES AND WEIGHT S OF ADULT SALMON FROM THE GEORGE AND 

KOKSOAK RIVERS 

No. Lgth. Lgth. Wt. Wt. 
cm. Range lb. Range 

GEORGE R. 

M Gril se (1 +) 8 58.8 54.0-65.0 4. 1 3.50-4.75 
A S. Swnmer (2+) 26 78.8 70.0-89.5 10.84 8.00-14.0 
L P. Spawned 
E once 2 87.8 81.5-94.0 14.4 11.25-17.5 
s twice 1 98.0 14.5 

F 
E Gril se (1 +) 1 55.5 4.5 
M s. Summer (2 +) 83 78.7 72.0-85.0 11.4 8.75-14.5 
A P. Spawned 
L once 3 88.5 85.5-92.0 16. 3 15.50-17.5 
E 
s 

KOKSOAK R. 

M Gril se ( 1 +) 5 62.0 53.0-69.0 5.4 3.50-6.25 
A S. Summer (2 +) 17 82.4 68.0-88.5 13.0 6. 00-16. 5 
L P. Spawned 
E once 5 80.4 71.0-86.0 14.0 8.0 -17.75 
s 

F 
E Gril se ( 1 +) -
M S. Swnmer (2 +) 84 81.8 71.0-89.0 13.4 8.0 -16. 0 
A P. Spawned 
L once 2 91.8 89.0-94.5 18.6 18.0 -19.25 
E 
s 
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Table No. 4 

LENGTHS OF 2- YEAR SEA-LIFE SALMON FROM 

V ARIOUS LOCATIONS IN CANADA AND EUROPE 

Locale & No. of Years Mean Stand. Age at 
Authority Spec. at sea Lgth. Deviat. Migration 

(cm.) 

George R. (1956) 109 2+ 78.7 3.767 4.68 

Koksoak R. (1957) 101 2+ 81.9 3.982 4.17 

(Blair 1943) 
Hamilton Inlet 112 2+ 75.8 4.44 

South tip Labrador 306 2+ 73.9 4.70 

South tip Nfld. 114 2+ 71.8 3.21 

(Belding & Prefon-
taine 1938, 1939) 
Miramichi R. 639 2, 2+ 77.31 3.288 3. 03 

Ba y of Chaleur 1951 2, 2+ 79.68 4.968 3.75 

Port aux Basques 530 2, 2+ 78.52 3.223 3.27 

(Jones 1953) 
Derwent England 179 2 + 84.0 2.01 

Dee England 779 2+ 80.0 1. 98 
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Table No. 5 

MEAN LENGTHS OF SMALL SUMMER FISH COMPARED WITH 

THEIR AGE AT MIGRATION 

George River Age àt Migration 

3 4 5 6 7 - - - - -
No. examined 8 35 52 12 1 

Mean length cm. 79.3 79.7 78.3 77.5 74.5 

Koksoak River 

No. examined 16 61 21 3 -
Mean length cm. 82.0 82.4 80. 6 80.5 -
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the mean lengths of 2 year sea-life salmon from various localities 

are compared with those of the George and Koksoak River s. The 

data given by Belding and Prefontaine ( 1938, 1939) are not strictly 

comparable as their means include small spring (2), as well as 

small summer (2+) fish. Despite this it can be seen from the 

table that the mean lengths of two year sea-life salmon from all 

regions are reasonably consistent. However abundant the food 

supply is in Ungava Bay, the extremely low temperatures make 

it unlikel y that salmon could maint ain a high growth rate within the 

bay and in all probabilitythey migrate elsewhere. Menzies ( 1949) 

suggests that salmon from both sides of the Atlantic frequent a 

common feeding ground somewhere in the north Atlantic. Slight 

differences in the mean lengths of salmon from various localities 

are due to the distance of the locality from the feeding ground and 

the date of migratlon. The se observations on the growth of Ungava 

salmon indirectly support Menzies' theory. 

A question that was raised earlier was whether the differ­

ences in growth rates apparent among the parr are maintained after 

migration. In Table No. Sthe small summerfishhavebeendivided 

into groups on the basis of their age at migration and the mean 

length of each group calculated. The differences in the means are 

insignificant in all except one instance. The difference in the mean 

length attained by small summer fi sh in the Koksoak which mi-
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grated after 4 years and that attained by those which migrated 

after 5 years gives a probability value of less than • 1 according 

to Fisher' s test, (Fisher 1954). The discrepancies between the 

means, however, are much less than would be expected had the 

variations in growth rates of the parr been maintained during the 

sea life. 
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UPSTREAM MIGRATION OF ADULTS, SPAWNING AREAS AND 

REPRODUCTIVE POTENTIAL 

The information available, Turner {1885) and Dunbar and 

Hildebrand ( 1952), on the spawning migration of the Ungava sal­

mon indicates that the runs are variable. Salmon usually enter 

the rivera during the first few weeks in August, seldom are they 

seen before the 24th of July and occasionallythe run does not be­

gin until the 20th of August. Local factors, such as the state of 

the tides, seem to influence the actual date, salmon normally 

entering the rivera at the spring tides. 

GEORGE RIVER: 

The salmon run in 1956 was exceptionally late. Although 

a few fish entered the George River around the 1 st of August, it 

was not until after the 20th of August that the main run entered the 

river. According to local reports, the late arrivai was due to the 

steady northerly winds which had been blowing most of July and 

August and had kept Ungava Bay choked with ice. The bad ice 

conditions in the bay in 1956 are amply verified by the fact that 

theHudson's Bay Companysupply shiparrived atFort Chimoover 

six weeks late, having been delayed by ice. The salmon apparent! y 

will nottravel under ice and, ina year likethis, thearrival ofthe 

run is delayed until the ice moves out of the bay. Since salmon 
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normally appear to travel near the surface, it seems reasonable 

th at they ma y be dela yed in this mann er; it should be added, how­

ever, that 1956 was also a late season in many other respects. 

The entrance of the main run into the river coincided with the spring 

tides between the 22nd and the 25th of August. Once in the river 

the salmon moved upstream quite rapidly. Most of the fish taken 

at Helen Falls still had sea lice clinging to them and had tape 

worms in their gut, which indicates they had been feeding not very 

long before. Helen Falls represente a considerable obstruction to 

the upstream migration of salmon in the George River. Fish can 

ascend the falls on the east bank of the river, however on the 

opposite side the fall is insurpassable at one point. During the 

height of the run, around the 26th of August, large shoals of salmon 

were visible in the pools and eddies along the edges of the falls 

and, although the numbers decreased, in September many were 

still present. 

The maximum distance salmon can ascend the George River 

is probably limited by the falls at Lat. 55°37' N. sorne distance 

beyond Indian Hou se Lake. The onl y major tributary of the George 

below this is the Ford River, a very cold, clear river falling from 

the high ground to the east in Labrador, of which only the lower 

12 miles or thereabouts are accessible to salmon. Ignoring all 
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the smalltributarystreams, which salmonprobablydo notascend, 

about 275 miles of river are available for salmon reproduction, an 

area comparableto that available in the St. John River, New Bruns­

wick. 

KOKSOAK RIVER: 

In 1957 the main salmon run entered the Koksoak about 

August lOth and the majority of the fish were above Fort Chimo 

by August 3oth. Twenty days is an average duration for the sal­

mon run at Fort Chimo. It is possible a few fish enter the river 

earlier in the year thanhas previously been realized: for example 

a fresh-run 6-1/2 lb. grilse was taken on July 9th at Manitou 

Gorge. It is also probable that during September small numbers 

of fish migrate up the rivera, indeed such a run was recorded in 

1948 by Dunbar and Hildebrand (I 952). 

The rate at which salmon travel up the Koksoak is not 

known. The re are no falls or other serious obstructions to impede 

progress and as fish were taken in the Larch River still bearing 

sea lice the first lOO miles can probably be covered in less than 

a week. The area of the Koksoak system that is accessible to sal­

mon is not precisely known. Salmon canonly run upthe lower 20 

miles of the Kaniapiskau River whereas they can travel probabl y 

150 miles and possibly farther up the Larch. As for tributaries 

of the Larch, the River Aigneauis of negligible importance, con­

taining few salmon which are restricted to the lower reaches. How 
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rouch of the Riv~re du Gue is available is not known, but, as was 

mentionedpreviously (page 10), thismaycontain sorne ofthe most 

important spawning areas of the Koksoak salmon. Its tributary, 

the Clearwater River, contains 12 miles of excellent spawning 

grounds before it is blocked by a 40 foot high faU. A conservative 

estimate of the total number of miles of river accessible to salmon 

in the Koksoak system is 300 miles, a length slightlygreater than 

is available in the George River. 

PERIOD OF SPA WNING: 
1 

The date when spawning commences is not known, but it 

is unlikely to be before the end of September. Females examined 

during early September had ovaries which varied from being one 

half to three quart ers enlarged. In no instance were they so near 

spawning that the eggs were beginning to loosen from the mes­

entries. Themales, ontheotherhand, laggedconsiderablybehind 

the females in maturity. In a number of specimens the testes had 

hardly begun to enlarge and even in the most advanced males the 

gonads were barel y one half enlarged. By contrast, the male parr 

which were mature were considerably advanced andhad, in many 

cases, full y enlarged sexual organs, although none were taken which 

had milt running. 

REPRODUCTIVE POTENTIAL: 

In order to ascertain the reproductive potential of the fe-
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males, 25 complete sets of ovaries from fish takenin the George 

River were collected and preserved in 5o/o formalin. These were 

later examined in detail as follows: The ovaries from each fish 

were weighed, individually and together, after removal from the 

preservative and drying on a soft cloth. Atleast onetenthof each 

ovarywasthen removedandthese samples were weighedand count­

ed. Fifty egg s were selected at random from the sample and, 

after having been placed in rows of ten, each row was measured 

and an estimate of the diameter of the eggs in the ovaries was ob­

tained. As the counts were made on females which were nearing 

maturity and had fairly large sized eggs in their ovaries, it is 

hoped they represent fairly accurately the nwnber of eggs which 

would have been shed by these fish and errors, owing to the in­

clusion of atretic eggs in the counts (Vladykov 1956), are not too 

great. The results of the counts are given in Table 6. As was 

foundbyJonesandKing (1946 and 1949), thenwnber of eggs prod­

uced per pound of fish appears to bear little relationship to the 

size of the fish. The range in nwnber of eggs per pound in the 12 

fish dealt with byJones and King (1946) was 419 to 770. Calderwood 

(1930) estimatedthat agrilse (fish under 6 pounds) anda 12 pound 

s·almonproduces 500 and 800 eggs per pound respectively. Allowing 

for the fact that the George River fish were not quite ripe, the 
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range of 475 to 1,400 eggs per pound seems to be of a similar 

magnitude. By eliminating the fish with eggs less than 3. 00 mm. 

in diameter, these being presumably the least ripe, the range is 

reduced somewhat. 

It had been hoped that it would be possible to test whether 

the re was any significant variation between the reproductive poten­

tial of the Ungava salmon and those of more temperate regions, 

The variability of the counts and the fact that the fish were not 

completely ripe makes such comparisons unwise. 

DOWNSTREAM MIGRATION OF KELTS: 

Information on the return movement of the spent salmon, 

or kelts, is scarce. The natives appear to have little or no in­

formation to off er except that they usuall y take a few 1 slinks 1 in 

their nets every spring after break-up. One kelt was taken in the 

George River belowHelenFalls on August 1 st andnativefisherman 

downstream reported catching one or two 1slinks 1 in late July. 

The lack of information on the movement of the kelts is obviously 

related to the difficulties involved in winter and spring fishing in 

the region. 
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Table No. 6 

REPRODUCTIVE POTENTIAL OF GEORGE RIVER SALMON 

Weight Length Ovary Wt. Egg Dia. No. of Eggs Total Egg 
{lbs.) (ems.) (grams} (mm.) per lb. Count 

4.5 55.5 84 2.56 1, 400 6, 304 
9.0 72.0 92 2.36 967 8,699 
9.25 75.5 220 3.38 962 8,898 

10.0 76.0 243 3.78 599 5,995 
10.0 76.0 394 4.26 911 9, 112 
10.0 77.0 244 3.36 943 9, 427 
10.0 75.0 306 3.30 1, 088 10,887 
10. 5 78.5 191 3. 60 521 5,474 
10. 5 77.0 329 3.98 695 7,294 
10. 5 76.5 208 3.24 825 8,659 
10. 5 77.5 171 2.66 1, 096 111 510 
11.0 79.5 327 3.80 720 7,921 
11.0 80.0 337 3.68 771 8,471 
11.0 79.0 286 3.38 953 10 J 486 
12.0 80.0 230 3.72 475 5,698 
12.5 80.0 364 3. 88 724 9,046 
13.0 83.5 319 3.96 498 6, 470 
13.0 81.5 291 3.50 765 9,968 
13.0 83.0 406 3.90 826 10,739 
13.0 81.5 363 3.66 832 10,815 
13. 5 82.0 351 3.94 540 7,290 
14.0 80.0 344 3.66 667 9,332 
14.0 82.0 399 3.80 693 9, 702 
14.0 85.0 738 4.34 895 12,530 
14.5 84.5 480 3.92 723 10 J 476 
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WEIGHT - LENGTH RELATIONSHIP 

The condition factor is a factor which expresses the re-

lationship between the weight and the length of a fish numerically 

and is useful in comparing fish from different localities. The 

factor for salmon approximates to unity when the units of weight 

and length are grams and centimeters. It is greater for a fish which 

is heavy in comparison toits length and conversely smaller for 

a slim fish. The formula used to calculate it is:-

Condition Factor (K) = 100 x W 

L3 
(coefficient of condition) 
(coefficient of fineness) 

Where W = the weight in grams 
L : the length in centimeters 

In temperate regions the factor is likel y to change with 

the season, fish normally being thinnest earl y in spring and fat-

test in late summer and fall. Unfortunatel y such seasonal changes 

could not be demonstrated in the material available. This is be-

cause the majority of the specimens were obtained during the in-

terval of afew weeksin August, instead of catches being dispersed 

evenl y over the entire seasonal cycle. Other sources of variation 

in the factor are age and sex, when the se affect body proportions. 

In Table No. 7 condition factors calculatedfor various sizes 

of juvenile salmon and also for some of the adults are given. It can 



Table No. 7 THE CONDITION FACTORS OF VARIOUS SIZES OF JUVENILE AND ADULT SALMON 

FROM THE GEORGE AND KOKSOAK RIVERS 

GEORGE RIVER KOKSOAK RIVER 

Males Females Males 

Length in 
ems. No. Condition No. Condition No. Condition No. 

Immature Juveniles (Parr and Smolts) 

9 1 
10 1 . 1.00 1 1. 00 
11 1 1. 20 
12 1 1. 10 1 1. 04 2 
13 2 1. 14 3 0.92 4 
14 3 1.06 1 1. 02 1 0.95 2 
15 3 0.99 4 1. 02 3 1. 07 5 
16 7 1. 03 4 0.98 8 1. 01 5 
17 4 1. 03 2 1. 03 8 0.99 7 
18 5 1. 00 6 1.04 13 1. 01 16 
19 4 0.86 4 0.97 11 1. 07 5 
20 3 0.91 15 0.94 12 1. 02 9 
21 10 0.92 13 0.91 2 1. 06 6 
22 8 0.91 13 0.92 4 1. 00 3 
23 2 0.91 3 0.89 1 1. 06 3 
24 5 0.89 3 0.89 1 0.82 2 
25 2 0.84 1 0.87 1 
26 1 
27 2 
29 1 0.75 
32 1 0.89 
36 1 o. 90 

Adults (Small summer fish on1y} 

78.8 26 1. 00 
78.7 83 1. 06 
82.4 17 1. 05 
81.8 , 84 

Females 

Condition 

1. 17 

1. 07 
1. 04 
1. 09 
0.97 
0.98 
1. 00 
1. 03 
1. 06 
1. 05 
1. 03 
0.97 
0.87 
0.87 
0.85 
0.82 
0.86 

1.11 
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be seen from the table that in the juvenile stages no apparent dif­

ference exists between the sexes, whereas in mature fish the 

females have a higher condition factor than the males. Menzies 

and MacFarlane ( 1924 a, b) report that mature male salmon are 

invariabl y thinner than female fish of the same length. Changes 

in the body proportions of mature fish are due to the development 

of secondary sexual characteristics, (ie: the elongate hooked jaw 

of the male and the enlargement of the sexual organs). Hoar ( 1939) 

in studying the weight-length relationship of Atlantic salmon found 

that male parr and smolts had higher condition factors than fe­

males, even when care was taken not to include male parr maturing 

to spawn. Comparing the coefficients of condition of male and 

female parr in the George River the average value of K for 44 

females was 1. 030 and for 45 immature males 1. 029. The value 

of K for 13 male parr, which werematuring to spawn, was 1. 16. 

It is concluded from this that in the George River the condition 

factors of immature male and female salmon are equal and this 

appears to be true in the Koksoak River also, (Table No. 7). The 

coefficient increases in male parr whichmature to spaWn and this 

increase is probably mainly due to enlargement of the testes. 

Hoar ( 1939) demonstrated an abrupt fall in the condition 

factors of salmon from the Margaree River, Nova Scotia, on trans­

formation from parr tothe smolt stage. A similar change occurs 
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in the condition factors of George River salmon above about 18 

ems. in length, this coinciding with the approximate length at which 

parr transform into smolts. This change is not evident in the 

Koksoak River collections because, although the majority of speci­

mens above 18 ems. in length had pa rtl y or complete! ytransformed 

into smolts, they had done so only recently and many of them had 

not yet deteriorated in condition. (It will be recalled here that 

the smolts sampled from the George River were on migration 

whereasthosetaken in theKoksoak weretaken inautumn, probably 

during or saon after metamorphosis, and would probably not have 

migrated until the following spring). 

Following the smolt stage the condition factor rises again 

in the adult salmon to a value similar to what it was in the parr. 

The findings of Belding ( 1936) and Haar ( 1939) on the effects 

of environment on the condition factor are particularlyinteresting. 

Food suppl y and temperature appear to be factors of major import­

ance. Low coefficients are associated with an increase in the 

number of vertebrae resulting in amore slender contour (Belding 

1936). Low developmental temperatures are conducive to an in­

crease in the vertebral number of salmonoids, (Mottley 1937). 

Apart thenfrom anyother causes, one would anticipate the condi­

tion factor to faU towards the north of a salmonoid' s range. In 
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addition food supply has an effect; fish growing in regions where 

there is abundantfood are deeper bodiedand have higher condition 

factors than fish from localities where the food supply is sparse. 

The condition factors of salmon parr from severa! localities are 

arranged for comparison in Table No. 8. As would be anticipated 

the George and Koksoak River fish are slimmer than the others. 

The difference probably derives from a number of sources, the 

lower temperatures in the se ri vers possibly affecting both the food 

supply and the number of vertebrae the fish possess. 

It ma y be significant that low condition factors are found 

only in the juvenile stages. Adult salmon from Ungava are no 

slimmer than fish from other regions. Hoar (loc. cit.) gives the 

the coefficients of condition for fish from Saint John harbour, 

Lorneville andDipper harbour as 1. 0 6, 1. 00 and 1. 09 respective! y. 

The coefficients from the George and Koksoak Ri vers are 1. 04 and 

1.10 respectively. Since the condition factors of adults do not 

differ materiaU y from those of fishfrom moretemperate regions, 

food supply rather than vertebral number, which would affect adults 

as well as juveniles, is probablythe most important factor in deter­

mining the low value of Kin the young stages of Ungava salmon. 
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Table No. 8 

Mean Coefficient 
No. ·of Length of 

Source of Material Spec. (cm) Condition 

Allen ( 1941 b) parr 1 
Thurso R. 1937 27 11.9 1. 44 

24-31 Aug. Sleach Water 

Halkirk Burn 39 9.9 1. 35 

Sinclair Burn 23 8.8 1. 23 

Allen ( 1940) parr 1 
Eden R. July 29, 1937 42 12.9 1. 25 

Hoar ( 1939) parr 2 yr. old 
Margaree R. 1936 17 12.6 1. 16 

Margaree R~ 1937 33 11.0 1.09 

Belding (1938) parr 3 yr. old 11 11.76 1. 13 

Margaree R. 1934 16 12. 17 1. 12 

Belding ( 1938) Moise R. 131, 134 
Parr 2 15 9.51 1. 145 

Parr 3 13 11.23 1. 103 

George R. 1956 
(Average for all ages of parr) 89 15.7 1. 03 

Koksoa.k R. 1957 
(Average for all ages of parr) 79 16.2 1. 01 

CONDITION FACTORS OF SALMON PARR FROM A NUMBER OF 

LOCALITIES 
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SEX RATIOS 

Females outmunber males in the adult salmon populations 

of the George and Koksoak Rivera by a ratio of approximately 

2-1/2:1 A predominance of females is not unusual in mature 

salmon populations, differences as great as this being not uncom­

mon. Hutton ( 1939) published the followi.ng table showi.ng the per­

centage of females in the various classes of Wye salmon examined 

by him:-

Average Gril se S. Spr. s. Sum. L. Spr. L. Sum. V.L. Spr. Pr. Spd. 

1908-37 58-1/4 77-1/4 71 71 58-3/4 19-3/4 

1937 67-3/4 83-1/2 77-1/2 82-1/2 25 25 

Dahl {1910), ina series of figures from the Aaen-Sire River, Norway 

recorded a predominance of females in most years. Out of a 

total of 3, 182 fish examined by him, between 1886 and 1897, 56% 

were females. If the gril se are removedfrom the se total a (ie: fish 

of 64 ems. or less in length) the figures become 2, 184 fish ex­

amined of which 74% are females. Among the fish less than 64 

ems. only 18% are females. This same sort ofrelationship holds 

true in Ungava salmon. Of a total of 14 gril se examined in 1956 and 

1957, only 1 wasfemale. Aswas~entionedpreviously, the grilse 

population is probably poorly represented in the catches and had 

more been taken the adult sex ratio would be closer to normal. 

19-1/2 

100 
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Other factors possiblyoperate to cause an unbalanced sex 

ratio amongst the adults. Examination of the sex ratio of the 

migrating smolts indicates that againfemales are in the majority. 

(62o/o of a total of 175 in the George River and 76o/o of a total of 17 

in the Koksoak River). The parr and the recentlymetamorphosed 

smolts taken in the autumn, on the other hand, show a 1:1 sex 

ratio. (Table No. 9) The change from a balanced to a divergent 

ratio occurs between the parr and the migrating smolt stage. Few 

studies appear to have been carried out in which the sex ratio has 

be en followed throughout the life cycle. Belding ( 1936) 1 in his 

study of salmon from the west coast of Newfoundland, has this to 

say about the sex ratio, ''The 196 parr are about equally divided 

as to sexes but when grouped by age classes a different picture is 

presented. The sex distribution in the 2 + class, which representa 

the normal population before any appreciable number have left the 

river, indicates the normal ratio of males to females is 1: l. 25 

and that there is an excess of females during the first years of 

riverlife andprobably atthe time ofhatching''· He goes on to add 

that in the 3 + class males predominate by a ratio of 1:0. 69, 

favouring the view that males remain longer in the river than 

females. Jones ( 1949) studying the age and sexual condition of 

parr and smolts in Great Britain also came tothe conclusion males 

remain longer in the river than females. A break-down of the 
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ratios from the George and Koksoak Rivers (Table No. 9) does 

not support these conclusions. 

The reason for the change must be sought for in events 

which occur between the parr and the smolt stages. The only event 

which occurs in males and not in females is that many male parr 

mature and spawn. If the se male parr incure as heavy a mortality 

during spawning as do the adults, then the reason for a shortage 

of males in the adult population is obvious and the sharp break 

between the parr and the smolt ratio would be explained, provided 

male parr onl y mature during the autumn prior to migration. 

Ten maturing male parr and three maturing male smolts 

were taken in the George River between the 18th of August and the 

6th of September. An examination of the ages and sizes of these 

fish showed that they would probably have migrated the following 

spring. The 3 maturing parr collected in the Koksoak River were 

in a similar condition. If this is generally true and if many of the 

juvenile males are unable to survive the strain of spawning together 

with the rigors of winter, thena change in sex ratio would result and 

be fir st evident in the smolt population. 

To suxnmarize, two factors probably account for the pre­

dominance of females in the adult salmon of Ungava. Firstly, the 

grilse, which are largely male fish are poorly represented in the 
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Table No. 9 

THE SEX RATIOS OF SALMON FROM THE GEORGE AND KOKSOAK RIVERS 

Age(at GEORGE RIVER KOKSOAK RIVER 
Migration 

in the Migrating Migrating 
Adults) Parr Smolts Adults Parr Smolts Adults 

cf' ~ 0' ~ (f' ~ cf ~ 6 ~ c5 ~ 
1 3 6 

2 4 4 12 16 

3 12 8 4 12 2 6 93 93 3 8 3 14 

4 26 25 22 25 10 30 15 23 1 4 15 52 

5 14 12 32 51 18 41 1 1 1 8 17 

6 1 6 17 5 9 1 1 3 

7 3 3 2 1 

Total a 57 49 67 108 37 87 124 140 4 13 27 86 

Percentage 54 46 38 62 30 70 47 53 24 76 24 76 
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catches and, secondly, many of the male parr which mature to 

spawn die, with the result that females are in the majority in the 

migrating smolt population. It is not improbable that similar 

factors are responsible for the unbalanced sex ratio in other sal-

mon rivers. 
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FEEDING . HABITS 

The adult salmon can be dismissed briefly. In agreement 

with the usual findings, once they enter freshwater they cease to 

feed. Among 150 stomachs opened for examination on1y one con­

tained food material. This was a stone-fly nymph found in the 

stomach of a gril se. The remainder were empty and contained no 

evidence of recent feeding. 

The stomachs of young salmonpresent a more interesting 

picture. Throughout the summer they are activel yfeeding, as can 

be seen bythe presence of undigestedfood in the stomach and faecal 

matter in the gut. There is no evidence to suggest that the intensity 

of feeding varies during the season as the percentage of fish with 

undige sted food in the stomach remains constant at approximatel y 

50o/o. 

Inordertoanalysethediet of thejuvenile salmon, samples 

of partly digested food were removed from the stomach and pre­

served in 5o/o formaldehyde. Food samples were obtained from 

103 fishfrom the George River and 95 fish from the Koksoak River. 

No distinction was made betweenparr and smolts in this sampling 

as preliminary inspection revealedno apparent difference in feed­

ing habits. In most cases individual stomachs ~ontained only a 

small quantity of food so that samplesfrom severalfish, taken at 

the same time, were combined in one specimen vial. An e stimate 
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of how full each stomach was revealed that in most instances when 

food was present the stomach was only considered to be 1/8 full. 

Onl y about 5% of the stomachs containing food were recorded as 

being 1/2 or more full. The value of these figures is difficult to 

estimate owing to the fact that a fish, on being meshed in a gill 

net, is Hable to disgorge the contents of its stomach, especially 

if it happens to be full. However, fish caught with rod and line 

which had little time to disgorge any food showed essentially the 

same picture. 

The method of examination of the stomach samples was 

as follows:- The contents of the sample vial were poured into 

a petri dish containing a small amount of water andfloated out over 

the bottom of the dish. The sample was then examined carefully 

under a binocularmicroscope and a list of the recognizable organ­

isms tabulated in the approximate order of abundance. Owing to 

the small size and partlydigested state of many of the organisms, 

no attempt was made to count individuals or estimate the volume 

of each species volumetrically. Instead, a visual appraisal was 

made of the percentage by bulk of the recognizable groups of or­

ganisms in the sample. Rechecking the estimates by myself and 

a second observer produced comparable figures and indicate that 

errors are unlikely to exceed 10% in any sample. 
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Ashas beenshown in theother studiesof thefeeding habits 

of juvenile salmon, Allen ( 1941 a), White ( 1936 a), insect material 

forms the bulk of the diet. In Ungava insects account for approxi­

mately 95o/o of the total food intake. The predominant groups are 

Ephemeroptera, Hymenoptera, Plecoptera, Di pte ra and Trichop­

tera. In the George River the se groups account for 12, 10, 21, 26 

and 17 percent of the diet respective! y, while in the Koksoak the 

percentages are 9, 22, 25, 20 and 18. With the exception of the 

Hymenoptera, the se groups ·are principallyaquatic. The presence 

of such a high percentage of Hymenopterous insects is rather un­

expected and, indeed, the group possiblyforms only an insignificant 

fraction of the diet in some years. Their presence in 1956 and 1957 

(and in the stomach contents of brook trout taken in 1955) is due 

to an outbreak of the Larch saw-fly (Pristiphora erich-sbhii) in the 

region. Specimens of the saw-fly, taken from the stomachs of 

young salmon, were identified by Dr. R. Lambert of the Depart­

ment of Agriculture, who stated that the adultflies which emerge 

in early summer are not strong fliers and live only a few days. 

Many of them could be blown by the wind and drop into the water 

before dying. 

During the summer there is a change in the composition of 

the diet from one containing a preponderance of saw-flies, stone-
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flynymphs, may-flynymphs and caddis-flylarvae to one containing 

a greater variety and ahigher proportion of adult insects. The se 

changes in the percentage composition of the more important con­

stituent a of the di et are shawn graphicall yin Figure 11. In preparing 

this figure the summer has been divided arbitrarilyinto intervals 

of 10 days. Starting on the !8th of July, five such intervals are 

available for the George River and six for the KoksoakRiver. In 

Table No. 10 a list of all the recognizable food organisms is given 

together with an indication of what percentage ofthe diet is formed 

by each. 

A comparison of the composition ofthe diet with the re­

sults of similar studies made in other regions shows few out standing 

dissimilarities. Chironmids are less important as a constituent of 

the diet and are replaced by Simulids, Plecoptera and Hymenoptera, 

particularly the latter two groups. This is made evident in Table. 

No. 11 in which the composition of the diets of juvenile salmon from 

three other localities are compared with the diets of tho se from the 

George and Koksoak Rive rs. Such variations can undoubtedly be 

attributed to the availability of particular groups of food organisms 

from one river to another. 
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FIGURE Il. Changes in the composition of the di.et of young salmon 

in the Koksoak and George Rivers during the summer. 
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Table No. 10 

LIST OF THE RECOGNIZABLE FOOD ORGANISMS T AKEN FROM 

THE STOMACHS OF JUVENILE SALMON FROM 

THE GEORGE AND KOKSOAK RIVERS 

George River Koksoak Ri ver 

Chironomid pupae 3. 930/o 1. 0 6% 
Coleoptera imago 1. OOo/o 1. 330/o 
Ephemerid nym.ph 5.4lo/o 6. 72o/o 
Ephemerid sub-imago and imago 6. 5lo/o 2.06o/o 
Fish 5.17o/o -
Hym.enoptera imago 9.6lo/o . 21.670/o 
Plecoptera nym.ph 18. 6lo/o 17. 0 6o/o 
Plecoptera imago 2. 48o/o 8. 22o/o 
Simulium larvae 19. 13o/o 1.6lo/o 
Simulium pupae 2. 75o/o 13.83o/o 
Simulium imago 4. 34o/o 1. 44o/o 
Trichoptera larvae 6. 830/o 11. 89o/o 
Trichoptera pupae 4. 58o/o 1. 67o/o 
Trichoptera imago 5. 8lo/o 4. 17o/o 
Chironomid larvae 
Chironomid imago 
Colonial algae 4. 17o/o 
Diptera (terrestrial) 
Hydraca rina 3. 57% 
Lepidoptera imago -
Mollusca -
Nematodes 
Psyllidae imago 
Annelida - 2. 28o/o 
Arane a e -
Unaccounted .27o/o .82o/o 



Table No. 11 

RELATIVE PERCENT AGES OF THE MAJOR GROUPS OF FOOD ORGANISMS 

Eden R. Thurso R. 
George R. Koksoak R. (Allen) (Allen) 

Food Organism (all ages) (all ages) {2nd yr) {2nd yr) 

Ephemeroptera 11.9 8.8 22.3 36.2 

Plecoptera 21.0 25.3 0.2 8.5 

Trichoptera 17.2 17.7 6.3 11.8 

/Simuliidae 26.2 16.8 21.3 7.9 

Diptera 

"" Chironomidae 3.9 2.0 46.7 14. 1 

.________ 
---- -

West Apple R. 
{White) 

{ 1 st summer) 1 

34.9 

----

16.6 

1.5 

38.9 

CX> 
01 
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COMPETITION 

Among st the specie s of fi sh inhabiting Un ga va salmon ri vers 

the re is undoubtedly competition for living space and food. Brook 

trout, young lake trout, salmon and.t to a lesser extent, the two 

species of whitefish all rely upon a diet composed principally of 

insect material. Salmon may be separated from the others by a 

preference for fast er flowing water, but in many places all5 species 

live side by side in the same stretch of water and must obtain their 

food from similar sources. By contrast, the different feeding 

habits of the suckers mean that they will not seriously encroach 

. 
upon the food suppl y of young salmon. In a survey such as was 

carried out in Ungava it is unfortunately not possible to estimate 

the intensity of competition between species and, beyond repeating 

that it exists, nothing can be added. 
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PREDATION 

A factor ofutmost importance in controllingthe abundance 

of an animal population is the degree of predation to which it is 

subjected. In discussing a fishpopulation man's predation, inthe 

form of a fishery, must also be included. 

Excluding man, in Ungava probably the most destructive 

predators of young salmon are to be found amongst other species 

of fish. Of these the lake trout is probably the worst offender, 

large specimens ofthis species feeding almost exclusivelyon young 

salmon and whitefish. Next in order of importance are the older 

brook trout and possibly pike should be included, although these 

are apparentlynot veryabundant. Suckers are exceedinglyplenti­

ful in the rivers and are reputed to consume quantities of salmon 

ova during and following spawning. 

White (1939) found that certain species of fish-eating birds 

took a heavytoll of the young salmon in the Margaree River, Nova 

Scotia. Kingfishers (Megaceryle alcyon) andMergansers (Mergus 

spp.) werethe principal avianpredators in that river. Mergansers 

breed in small numbers along the George and Koksoak Rivers but 

they are probably not numerous enough to be a serious menace to 

the survival of young salmon. Only a solitary specimen was seen 

at Helen Falls on the George River in 1956 and less than a dozen 

were observed along the Koksoak River and its tributaries in 1957. 
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Kingfishers are even less plentiful. The only evidence of their 

occurrence was anest found in 1957 in the bank of a small tributary 

of the Koksoak, which incident! y contained no salmon • 

.Alnong the mammalian predators of salmon, seal are possi­

bly of sorne importance. A small population, numbering perhaps 

twenty, inhabits the lower reaches of the George River between 

Helen Falls and the sea. These probably belong to the species 

Phoca vitulina, the harbour seal. They are reputed to be quite 

destructive to young salmon, especially during migration of the 

smolts. Other species of seal are not plentiful in Ungava Bay and 

their numbers are kept under control in the estuaries of the ri vers 

by the hunting of the natives. 

Man r s effect on the salmon population is difficult to evaluate, 

but at present the amount of fishing carried on clearly makes no 

excessive demands on salmon resources. For the past, the only 

information available, except for a few estimates of the total catch 

which, as has been pointed out already, mean very little since they 

cannot be expressed interm s of fishing effort, are the figures for 

the ave rage indi vi dual weight of the catch during the fir st four year s 

of the fishery. The average weight of the catch fell from 19 lbs. 

to 14. 5 lbs. during the first three years, from 1881 to 1883. Little 

can be inferred from these figures. Since theminimum length of 
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the lüe cycle of Ungava salmon at the present time is four years, 

commercial fishing should produce no marked effects on the popu­

lation during the first 3 years of operations. The high average 

weight of the catches suggests that, especiall y during the first 2 

years, eitherthe fisherywas relyingto a large extentupon previ­

ously spawnedfish or the age composition of the population has 

changed since Turner 1 s time. The onl yfish examined in 1957 which 

had weights approximating 19 lbs., the average weight of the catch 

in 1881, were two previously spawned fish, one weighing 19-1/4 

lbs., the other 18 lbs. If, on the other hand, the adult population 

of the 1880 1 s included a number of large summer fish, fish which 

have spent 3 years feeding at sea prior to returning to spawn, then 

the average weight of the catch would be considerably higher than 

the present value of about 13 lbs. Either one or a combination of 

both these alternatives is a plausible explanation for the decline 

in the average weight of the catch since 1881. Declines in the total 

catches during the years for which records are available are a 

reflection on the fi shing effort rather than on the abundance of fish. 
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THE MET ABOLIC RATE OF YOUNG ATLANTIC SALMON 

INTRODUCTION: 

The term basal metabolism, as applied to hurnans, refers 

to the expenditure of energy in a subject at rest, warm and com­

fortable and completely relaxed, both mentally and physically, 

12 to 15 hours after the last meal was consumed. The energyis 

expended in the functioning of such essentia1 systems as the res­

piratory and circulatory and in maintaining body temperature. 

Under basal conditions in humans the major part of the energy 

required is for maintenance of body temperature and, since heat 

is lost through the body surface, basal metabolism is largely de­

pendent on surface area. So great is this dependence that in prac­

tice it is expressed in terms of a basal metabolic rate (B. M. R.) 

which is the basal energy required per unit of surface area per 

unit time. (Calories per square metre per hour in man.) 

Poikilotherms as well as Homiotherms have basal energy 

requirements, but since such organisms do not need to expend 

energyin regulating bodytemperature their basal energy require­

ments are much smaller in magnitude. In these animals basal 

metabolism is defined as the minimum amount of energy required 

to maintain the vital processes of the organism, when the activity 

of its neuromuscular system is reduced to a minimum. 

Since poikilotherms are not concerned with regulating the 
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the bodytemperaturethere is no obvious dependence of their basal 

metabolism on a surface area. The most direct dependence is on 

weight; at a given temperature large animais have a greater basal 

energy conslllllption than small ones of the same species. The 

relationship, however, between bodyweight and basal metabolism 

is not simple. Large animals of a particular species generally 

have a lower metabolic rate when expressed in terms of energy 

utilized per unit weight than do small animals. 

In the one species of fish, Salvelinus fontinalis, on which 

an exhaustive study of metabolism in relation to size has been 

carried out, a straight line relationship is found to exist between 

the logarithm of the oxygen consUlllption and the logarithm of the 

bodyweight, (Job 1955}. The slopeofthislogarithmiclineat var­

ious temperatures falls between O. 8 and O. 9. Had the oxygen 

consumption been dependent on the surface area the slope would 

have been 0. 67 and had it depended on the weight, it would have been 

1. 0. Other observations onfish, (Fry 1957}, are in general agree­

ment with this value, which indicates that the basal metabolism 

offish is intermediate between surface area and weight dependence. 

For this rea son care must be exercised in choosing the method of 

expressing the basal metabolism of a poikilotherm. The safest 

way, but not al ways the most convenient, is to express it in terms 
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of the organism as a whole. The moreusual way is to express it 

in calories per unit weight per unit ti me, in which ca se the weight 

of the experimental animal s should be included in addition. 

Theoretically, basal metabolism ought to be expressed in 

terms of the energy requirements which, measured by means of 

direct calorimetry, involve measurement of the heat output of an 

organism, its oxygen uptake and carbon dioxide output. In practice 

more convenient methods are used and in aquatic poikilotherms, 

such as fish, measurement of the oxygen uptake is generallytaken 

as a reliable estimate of the rate of metabolism. Knowing the 

oxygen uptake, the energy requirements can be calculated with 

reasonable ac curac y. Fish metabolizing principall y fats and pro­

teins wouldhave alow respiratoryquotientapproaching 0.8and an 

oxygen equivalent of between 4. 80 and 4. 85 Cals. per litre. 

Almost all studies on the oxygen consumption of fish have 

been laboratory studies, for the obvious reason that many of the 

variables of the natural environment can be eliminated or con-

trolled. The temperature ofthe experiments, the previous thermal 

historyof the experimental animals, the length of daylight to which 

they have be en exposed, their state of nutrition and their size can 

all be readily controlled. From the resulta of such studies attempts 

can be made to predict the behaviour of fish under natural condi­

tions. This can only be done with caution since laboratory condi-
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tions are often quite different from nature. In their normal environ­

ment fish are subjected to daily and seasonalfluctuations in tem­

perature, in oxygen concentration, in light, and probably in many 

other factors which are not so apparent. These fluctuations are 

possibly ofmuch greaterinfluence in the lotie environmentthan in 

the lentic. Limnologicalliterature contains very little information 

on the extent of diurnal fluctuations in the lotie environment. The 

impression obtained from reading manylimnological texts is that 

conditions in large rivers are relatively stable. This, however, 

may be far from thetruth. The fewpublications dealing with this 

subject indicate that diurnal temperature fluctuations in the range 

of 3°C. are not uncommon and these are accompanied by similar 

fluctuations in the percentage saturation of the water with oxygen, 

(Butcher, Pentelow and Woodley, 1927). Fluctuations in tempera­

ture of a similar magnitude were observed in the River Aigneau, 

the George andKoksoak Rivers. In 1957 continuous recordings of 

the river temperature and surrounding air temperature were made 

at stations along the Koksoak River and sorne of its tributaries. 

These recordings confirm the existence of such wide fluctuations 

in temperature and indicate they tend to be of greatest magnitude 

and more dependent on immediate! y local conditions in the smallest 

tributarie s. 
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The great advantage in carrying out physiological experi­

menta in the field is that natural conditions can be simulated as 

closely as possible. The physiological condition of an organism 

being influenced bythe normal vicissitudes of its environment will 

be affected by any change from the normal. In maintaining condi­

tions close to natural field experiment s can be performed with a 

minimum of disturbance to an organism. However difficult the 

results are to interpret, they are of value as a representation 

of the behaviour of fish (or any other organism) in its natural en­

vironment. Field experimenta are subject to criticism. Fish 

confined to a respiration chamber are not free to move and select 

their environment, and so perhaps avoid the extreme fluctuations 

inherent in their habitat. The previous history ofthe experimental 

animal is usually unknown except in broadoutline. For practical 

reasons it is generally notpossibleto modify or control anyof the 

environmental variables and, if this is donethe experimental ani­

mals are exposed tounnatural conditions. In spite of these criti­

cisms enough is known about the metabolic behaviour of fish under 

laboratory conditions to make attempts at field experimenta valu­

able. 

For studies of climatic adaptation, field experimenta are 

indispensible. Work in this sphere was stimulated originally by 

the experimenta of Fox ( 1936, 1938, 1939), Fox and Wingfield 
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(1937), Wingfield (1939) inEngland and Thorson (1936) and Sparck 

(1936) in Denrnark. From a knowledge ofthe inhibiting effects of 

low temperatures on the activity of poikilotherms in temperate 

regions it would be anticipated that the activity of poikilotherms 

in colder regions would be restricted by the temperature. This, 

however, is not generally true, poikilotherms in cold regions dis­

play, at the temperatures to which they are normally exposed, 

activity similar to that shown by their counterparts in temperate 

regions whose normal environrnental temperatures are consider­

ably higher. This indicates there must be sorne compensating or 

adaptive factors in the physiological make-up of poikilotherms 

from cold regions enabling them to offset the effects of low tem­

perature. This compensation can presumablytake different forms; 

either the whole metabolism can be speeded up to allow greater 

energy consumption, both active and basal, at a lower temperature, 

or, while basal metabolism remains the same, the organism's 

ability to consume energy during activity is altered to enable it to 

remain a ctive at low temperature s. This latter type of compen­

sation wouldhave selective advantages in that basal energy require­

ments are lowand the organism can survive on a minimum amount 

of food. P erhaps lack of r ecogniti on ofthese two m ethods of com­

pensation is the cause of the somewhat confusing results obtained in 
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thisfieldofwork. Certainauthors, namelySparck (1936), Thorson 

( 1936) and Scholander, Flagg, Walters and Irving ( 1953) appear to 

have shown temperature compensation while others, Fox ( 1936), 

Fox and Wingfield ( 1937), feel that their results fail to show any 

suchadaptation. It maybe significantthat both Sparckand Thorson 

used lamellibranch molluscs which would tend to remain normall y 

active under the experimental conditions to which they were ex­

posed, while Fox and Wingfield experimented on various pairs of 

species of echinoderms, annelids and crustaceans whose normal 

activity may have been restricted by the experimental procedures 

employed. Bullock (1955) gives a recent review ofthe literature on 

temperature compensation in poikilotherms. 

METHODS OF MEASURING OXYGEN CONSUMPTION OF POIKILO­

THERMS: 

The re are three methods which have be en widel y used in 

determining the oxygen consurnption of poikilotherms. 

(1) The use of a sealed chamber in which the oxygen is gradually 

utilized and its depletion followed by sampling at intervals. 

(2) The use of a continuous flow apparatus where water of known 

oxygen concentration is passed through a chamber containing the 

experimental organism and the overflow collected to determine 

the amount of oxygen extracted and the rate of flow through the 

apparat us. 
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(3) Manimetric methods which entail using a small volume of 

water and treating the organism as though it were terrestrial. 

Carbon dioxide produced by respiration is removed and absorbed 

and, as oxygen is utilized, more dissolves in the water causing 

the volume of gas in the apparatus to diminish. As a field method 

this type of experiment defeats its own purpose in that conditions 

are far from natural. In addition the apparatus involved is com­

plex and delicate and thus unsuitable for field work. 

Of the othertwo methodsthe firstundoubtedlyrequires the 

least elaborate apparatus and for this rea son is most widel y used 

in field experimenta. The major objections to its use are:-

(1) There is sorne possibility of stratification of the water which 

mayresult in local depletions of oxygenand rather variable resulta. 

(2) If the fish is to remain in the chamber over a long period of 

time a large volume of water i s required, hence sampling can 

onl y be done infrequentl y if a measurable diminution of the oxygen 

concentration is to be observed. 

(3) Conditions do not mirror the natural but change throughout the 

experiment as the oxygen content of the water falls and waste 

products accumulate in the container. 

The continuous flow method has obvious advantages as a 

field method in that changes in the environment are immediately 

duplicated within the apparatus. Another advantage is that experi-
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ments can be continued over an indefinite period, throughout the 

whole of which samples can be obtained for analysis. In experi­

ments with fish the flow of fresh water over the animal possibly 

helps to keep it tranquil by simulating its ecological norm, es­

pecially if it is a species of fish which usually inhabits running 

water. 

DETAlLS OF CONTINUOUS FLOW APPARATUS USED FOR 

MEASURING OXYGEN CONSUMPTION OF YOUNG SALMON 

The apparatus is in essential a simplification of that used 

by Keys (1930). In thefield wateris suppliedvia along hose from 

a position sorne distance upstreamfrom the location of the appar­

atus, which is so chosen to enable a good flow of water to be sup­

plied to the constant level cham ber, (Figure 12). Water which 

overflows from this chamber falls into the water trough, flows 

past the respiration tube and spills over the lower end of the trough. 

A small rubber tube carries water from the lower end of the con­

stant level chamber and delivers it to the respiration chamber in 

which the experimental fish is enclosed. Water flows through this 

chamber, past the fish and out via the outflowtube into the sample 

bottle. The rate of flow through the respiration chamber can be 

regulated by altering the height of the sample bottle in relation to 

the level of the constant level chamber. The overflow from the 

sample bottle is collected in a shallow tray and directed into a short 
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Constant level chamber 

bottle 

trough 

Respiration tube 

Details of a continuous flow apparatus used for measuring the oxyg en 

consumption of young salmon and brook trout in the field. 
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spout. The rate of flow through the respiration chamber can be 

measured by collecting this overflow for a known period of time. 

In practice this was for one minute during which .time between 50 

and 90 ml. would be deliveredinto a 100 ml. measuring cylinder. 

Oxygen determinations using the unmodified Winkler method 

were carried out on water collected in the sample bottle, which was 

removed hourl y and rep1aced by another during an experiment, and 

simultaneously on a sarnple of water takenfrom the tube suppl ying 

the constant level cham ber. The unrnodified Winkler method of 

oxygen determination is the method generallyadopted for work of 

this nature and gives entirely satisfactory results in the purer 

waters of lakes and strearns which do not contain high concentra­

tions of iron, nitrites or organic matter. 

EXPERIMENTAL PROCEDURE AND PRECAUTIONS 

The apparatus was installed in a suitable location as des­

cribed above. Gare was taken to see that the hose supplying water 

to the respirometer was immersed in water for the whole of its 

length to prevent any tendency for warming of the water supplied 

to the apparatus on a hot day. Similarly the apparatus itself was 

partly submerged in the water and located in the shadeto prevent 

any di r ect exposure to the sun. The apparatus was constructed 

of transparent plexiglass and, in order to prevent any excitement 

of the fish during an experiment, was covered by a dark cloth which 
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restricted the fish 1s vision. The bottom of the water trough was 

covered with clean river gravel so that conditions within the res­

piration tube resembled as closely as possible tho se that would be 

experienced by a fish lying quietly under a rock on the river bed. 

The experimental fish were usually taken in a Fyke net, 

a large version of a minnow trap, in which fish can be caught in 

an undamaged condition. Whenever possible fish were retained in 

the net for 24 hours prior to an experiment. In a few instances 

fish taken by hand net or by rod and line were used. In the latter 

case particular care was taken to see that the fish were not more 

than superficiallyinjured at capture and they were retainedin keep 

pools for a few days before being used in an experiment. 

In a typical experiment the test fish was placed in the ap­

paratus in the evening and allowed the whole of the following night 

to settle dawn and become accustomed to confinement in the res­

piration chamber. The size of the chamber was chosen to allow 

the fish sufficient room for restricted movement. If the chamber 

is too small the fish is unable to move sufficiently to maintain 

normal equilibrium and often falls over on one side and remains 

in an excited condition. Sampling was begun the next morning, 

usually commencing sorne two hours after sunrise and continued 

at hourly intervals until about noon. Six samples were considered 
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desirable in each experiment. A period of at least six hours is 

considered necessary before any attempt at measurement of the 

basal oxygen consumption can be made. The handling of the fish 

in placing it in the respiration chamber is sufficient stimulus to 

cause it to respire maximally for sorne time, after which the rate 

of respiration gradually falls to a minimum. (Keys 1930, Wells 

1932). 

In a number of experiments where the oxygen consumption 

was determined at intervals immediatelyafter the fish was intro­

duced into the apparatus the se findings were confirmed. Figure 13 

shows the results of one such experiment carried out on a salmon 

parr and is typical of the patternfollowed; a high initial rate which 

falls rapidly during thefirst 2hours until a basallevel is reached, 

usually after 3 to 4 hours. In a few instances fish never settled 

down, or el se became disturbed duringthe course of an experiment. 

The most common causes of excitement were either loss of equi­

librium or the passing offaeces. Faeces causeda certain amount 

of trouble in that they occasionally obstructed the flow of water 

through the apparatus. Experiments in which these sorts of dis­

turbance s occurred were abandoned and not included in the re­

sults. One further cause of trouble, which occurred onl y at Manitou 

Gorge, was supersaturation of the water. When this happened, 

hubble s of gas came out of solution inside the apparatus and often 
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FIGURE 13. The rate at which the oxygen consumption of salmon parr falls to the basal level after handling the 

fish. 
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caused blockage of the smaller tubes making satisfactory experi­

menta impossible. 

RESULTS 

BASAL METABOLISM OF SALMON PARR AND SMOLTS: 

The juyenile salmon were divided into two groups, parr 

beingtreated separatelyfrom smolts. Anattempt wasmadetokeep 

the groups quite distinct and to avoid experimenta on fish inter­

mediate in form between the groups. Successful experimenta were 

carried out on a total of 11 parr and 20 smolts, the se fish coming 

from both the George and Koksoak Rivera. Complete details of 

each experiment are gi ven in the appendix. The mean weight of the 

parr was 42. 5 gms., its standard deviation 11. 2, while that of the 

smolts was 80.0 gms., standard deviation 9. 9. Experimenta were 

conducted at temperatures from 4°C. to 16°C. allowing a range of 

slightly under 12°C. in each series. 

Since the se are field experimenta, no attempt has beenmade 

to analyse in detail the exact nature of the curve relating oxygen 

consumption to temperature. Instead it has been assumed that a 

straight line relationship exists between the logarithm ofthe oxygen 

consumption and the temperature. Judging from the results of other 

experimenta onfishmetabolism, (Fry 1957) carriedout under lab­

oratory conditions with a range of 12°C., it is justifiable to assume 

such a relationship • . 
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The regression equation describing this type of relationship 

has the form : -

Log y= ax + b 

where y = the oxygen consumption 

x = the temperature 

and a and b are constants, a designating the slope 

of the line and b the point of intersection on the y axis. 

Values for the constants a and b can be computed from the 

raw data so asto givethe lineof bestfit, assuming y only to be in 

error. When this is done the equation relating oxygen consumption 

to temperature in salmon parr becomes:-

log y= . 04360x + 2. 3497 

and in salmon smolts is:-

log y= .06123x + 2.1087 

In order to compare the se lines with others it is necessary 

to calculate limits b e yond which it is improbable the line s should 

fall. For this purpose fiduciallimits were calculated according to 

the formula:-

where y
0 

= The calculated value of y at a given tem-

perature x 
0 

(Bennett and Franklin, 1954) 

J 
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Using this formula, limita can be placed at any desirable level of 

probability by substituting the appropriate value of t. When the 

95% level of probability is chosen, the limita of the equation for 

salmon parr are:-

.01215 [-1- (xo -
10

· 
82

)
2 

] 
68 + 1022. 12 

(t = 2. 0 when n = 68 at the 95o/o level of probability) 

The equivalent equation for the smo1ts is:-

. 007841 [ _1_ ( xo - 9. 5044)
2J 

13 7 + 130 8. 3 9 

(t : l. 98 when n = 137at the 95% level of probability) 

In Figure 14 curves of the oxygen consumption against tem-

perature of salmon parr and smo1ts have beenplotted and fiducial 

limita at the 95% level of probability are included. The points on 

the graph are means derived from the measurements on a single 

fish, eachpointrepresentsaminimumof5 values. As canbe seen 

from the figure, the oxygen consumption of salmon parr when ex-

pressed per unit weight is significantl y higher than that of salmon 

smolts over most of the temperature range examined and the curve 

is less steep. The s ignificance of the difference between the re-

gression coefficients of parr and smolts can be tested by the fol-

lowing method:­
.-~2----------2------~2----------~2----------------

8 db= S( d y l) ( 1 - r 1 ) + S( d y 2) ( 1 - r 2 ) ! 1 1 ) 

N1 + N2 - 4 S(d2x1) +S(d2x2) 
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t = 2 

(Simpson and Roe 1939) 

Substituting the appropriate values in this formula 

t is equal to 4. 41 

P i s 1 es s th an . 0 0 1 and 

the difference between the regression coefficients can be regarded 

as signüicant. 

The fact that the curve for the smolts is steeper than that 

for the parr suggests smolts are more sensitive to temperature 

than parr and, as can be seen in the figure, this increased sensi-

tivity is particularly evident above 10° C. Temperature is consid-

ered to be one of the environmental factors important in initiating 

smolt migration and it may be significant that the curve relating 

oxygen consumption to temperature is particularl y steep at the tem-

peratures at which migration occurs. 

WINTER SURVIVAL OF SALMON PARR: 

By extrapolation of the curves to winter temperatures it is 

possible to estima te the basal oxygen consumption during the winter 

months and from this can be calculated the approximate percentage 

loss of weight during this period. At the best, such calculations 

can only provide an indication of what might happen. The exact 

winter temperatures can only be surmised, any activity the fish 

indulge in will cause large changes in the oxygen consumption and 
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6 7 8 9 10 Il 12 13 14 15 16 

The oxygen consumption of salmon parr and smolts at 

temperatures between 4°C. and 16°C. Each point on 

the graph representa the mean of at least 5 measure­

ments from a single fish. 
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finally the length of the period of winter starvation is not precisely 

known. If the mean winter temperature is taken to be 2°C.' (this 

is possibly a high estimate but may compensate for any errors due 

to activity of the fish), and the length ofwinter as 250 days, sal­

mon parr will consume between 140 and 190 mls. of oxygen per 

gram of body weight during this time. Assuming fat only is being 

metabolised during winter, the respiratory quotient will be about 

• 72whichestablishestheoxygenequivalentat 4. 74 Cals. perlitre. 

Using these values, 140 mls. of oxygen represente the burning of 

• 074 gms. of fat and 190 ml s. the burning of • 10 gms. (1 gram 

of fat yields approximately 9 Cals. when oxidized in the body). 

Expressed as a percentage loss of bodyweight, between 7. So/o and 

10o/o is lost during the winter months. This 1oss is not unduly large 

and should pre sent no serious problem to sur vi val. Allen (1940) 

was able to demonstrate seasonal changes in the condition factors 

of salmon parr from the River Eden. During the winter months, 

between November and April, the condition factors fell from around 

.130 toabout .llO, representingapproximately a 15o/o loss of body 

weight. Mean winter temperatures in the River Eden are almost 

3°C. higherthan the estimated wintertemperatures in Ungava sal­

mon rivers and winter is shorter by about 100 days. Substituting 

the se values for temperature and duration of season, Ungava sal­

mon parr would lose between 6o/o and 8o/o oftheir bodyweight during 
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the winter. The difference between the Ungava values and the Eden 

value can probably be attribute'd to insufficient allowance for winter 

activityin the Ungava estimates. If the oxygen consumption of Eden 

salmon is similar to that of Ungava salmon, (and it is unlikely to 

be greatly different), during the winter months theyare respiring 

at about twice the basal rate. Assuming Ungava salmon behave 

similarly, the estimates of weight loss during the winter should be 

doubled. Doubling the values, a loss of between 14o/o and 20% of the 

body weight is not excessive and should be no obstacle to the sur­

vival of Ungava salmon parr during the winter. 

DIURNAL RHYTHM: 

Diurnal rhythms in the oxygen consumption of fi sh have be en 

described by a number of workers, for example Clausen (1936), 

Graham (1949) and Job {1954). Possibly related tothese rhythms 

are variations in motor activity during a 24 hour period demon­

strated by Spoor ( 1946) and variations in fee ding acti vit y shown 

by Hoar ( 1942). In measuring th~ basal metabolism of fi sh attention 

should be paid to the presence of any endogenous metabolic cycle 

and, ideally, basal oxygen consumption is measured when the cycle 

is at its minimum. In his work on the speckled trout {brook trout) 

Job (1954) found the position of this minimum point varied but in 

60% of his experimenta it fell during the night. In calculating the 
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basal oxygen consmnption he considered the lowest value obtained 

during a 24 hour experiment to be the basal value. For practical 

rea sons it was not possible to adopta comparable procedure in the 

field as experimenta during the night were virtually impossible. 

ln an attempt to find whether an endogenous cycle of oxygen con­

smnption exists in salmon, experimenta with three smolts were 

continued over a 26-1/2-hour period. Details ofthese experimenta 

are given in the appendix. In Figure 15 the results are presented 

in graphical form. The curves of oxygen consmnption are smoothed 

byplotting in groups ofthree. The curves denotingtemperature and 

oxygen content ofthe water are plotted directl y. The most striking 

feature of the resultais the great similaritybetween the curves for 

the three fish. All showmaximwn oxygen consmnption at midnight 

andmidday andminimmns during the earl y morning and late after­

noon. Hoar ( 1942) found a somewhat similar cycle in the fee ding 

activity of young salmon. They fed activelyinthe evening, usually 

not ceasing to feed until dark, feeding recommenced at daybreak 

and increased in intensity throughout the morning, but often slack­

ened off during midday. 

The double nature of the cycle of oxygen conswnption is 

brought out most clearlywhen the temperature effect is eliminated. 

InFigure 16 thishasbeendone. Theresultsforthethree fish have 



! . ·1 . : · : · .. i···· .... : ::;. :~ , ~!~li~;~! !l~l ;;~;iYt:l: ~.~~ ;;,: ,:, .:,:;.:;, ,_,.·. ·-·~ .... · ~ · i .. ·i . ~ . : . ·a~4l 
1-

, ·· v~4: ··· ' , .. •• , •• ,, .. ,, ....• ,, ....... ,~. r. · · r ' : ' i · · ·· ''' +'· · · .::::.: ::····· ··: . :.:::::::.· ··'·· J · T V r '1" >:'::•'.:·.· . ,;;"'-:;:J::'i:::~·, .. T .. ·i r ! H8·21 ·0~~1- i 1 ·1 · (.! ! ; . ':::::::•·;" : !::·•l!ff!nru i iliii1!!:':m :::, [oli:. OXYGEN CONTENT ·'eT .T 
D.....l......__ . : itJI!I.. + .... ,.. . . ;.. . 1 : .:;: ::.: H: Hl Il~!·,, llHi i''· ::hl!ll: :. :: !· :. •+ .. : ...... :: .. : . . . 0 .. . • -i"" . .. .. .. . • • ·••··.. . •• • ........... . 

T" , , '· 1 1 • r "' "'' ,,,, ;•;• ''"''"''' 'ill """" ,.,,,.,. "' ";;;;, ; ,. ~'nii'ii'' :'•: "" "'''" t 11.1 111 ra 
'-. '"" ' . r + !· l ··•;·:;:::ri::::,~~:::r:::::i':::j:ii:·i'iii~!::ii:i:,:d::: i~r~J,iii::·::·: ·, ·.J: t ~tH:t:tli 

1---"---l---· -1-·---· 
. 1 

. '..1." 1 . 1 : ~, . · t:=~ · :yy : l T: :: l ::::w:r:rn l:rnl:: :: l =::: l:: : :l:: : ~: i'' l ''" l :::: l "'ill::y::lm:~mi;~Fish A 83Qm•.~l-...ll.l7.4!.. · ! 1 . 1 : • r· . :· ... : .... : .. .... , .... -'j .. :, : :(::: ::::]::: :::;:::: :::U::: :::U::::<:::: :::; ;:: ::J:: ::::: ::::JufC:i: ~ 1 1 1 1 1 1 1 :T ·: 1'1 
- ---- ---- ·--

1· .. -1 .... , .... , .. "1;;4::. 1·+ ·· 

1· .. ' --·! N 

~, u· Li'~ , ~-· · , ·'·1 'ti+· '~· ·:~· , ;.::: . . : .. ''"'' ,,.,1·1· ! 1 ~J' ~++'-t = 1 = 1 = 1 = : · .... : ........ : .... --·:· .. ... ,.. , ., · ,, .. 
1
··:. : T . '· ' , .: . . ,, . :· ;... · .. , .. - " ·: :·-:· - .. -;, .. --r--· ~:·r-~· .. j·' .... : · · .. , ... · ·: .. . , .. ·: .... , .... , .. 1 · '·

1 
, 

: • - i • : 1 · :. .. - : 1 . . : .f : . . .. . . .. 1 . - 1 . : 1 . 1 : ! ; ; : . . . ; 

:j.T 
· ~·· . ·; 

·03~.. 1 _:::· ... ~t:: j_, _:~-:~~+_ ..... _: ;t-~-tt-t--~~~!J~-;J-~I .. ~r~l- : ·J·· :1Ji .. 9 ~ 
-+--t-~~-+-;-;--H-t--+--~-H--~-+-+-+-~c.....+:-ï~· _; .· · L ... ! ;' f . J 1 i ·1 i 1 = 1 J~ .. il : · ' fr · · · · Jill 1 · 

i . : . : ...... :. ill! 
·o3o t-r . .. L .. ; ... . .. :. .. ... : ... : ' - -+---~ ~· ·U_i . . ! • • . ,_ 

·0251-: 

: 

l d l : I 1 I : J , Ilrnl~lll~~~ll-1 1·1 ... 1'1··11 .. ll81 ; ··· ........ .... , .. · ·· ·' · · .... , .... ... . , ...... 1... :- i · , ., .. L · y. --:·- ...... -~,---- T .. ·- .... i ....... T' . . T ... .. . ' . . . .. . . .... .. ... . ]1_1 . 
PM. 1· ~-- -~- -~- .. --+: A M. fftfl~-t ... + ... I .. +·+ .. + .. -J .. +-+---1- .. :· + , .. j-. : 1 : Pt.4. ·l··r 1 ... +hl : ..1 ... , .. + .. : ... 

3 5 7 9 Il 3 5 7 9 Il 1 3 5 7 

TIME 

FIGURE 15. The diurnal rhythm of oxygen consumption of three salmon smolts under natural environmental 

conditions. 



1 
, j ! Tf1 'il!!:l ·l r"l~;r,:;:!tififfi:':l;;l ~~fr l i" 1=± 1 1 1 1 ... . .... ,.. 7 :i : ,":f.i ti~!!lt~ :m Uïhi!HH üh~rllc: ,:: C T ··: · · · :JET A :l' H-1-·1--i~-l-~~F-1 ·· · · · · ... 010 

... 009 . . '" ::: : .. pc:::.:~::: :::l :!jj :; :::. :·: .i: . ; .. ::: ," .. 
Dev1at1ons from the calculated ::::.: .. ::::::'~~:::·:::: ::.·;: ... ··. •: .. , .. · ., 

· · ' :• ::·: :::·::::'Hi ~:! JH(: · ' .: · " .. . ' .. .. '1 . . :. L.l-t-r--I-FT4 -·i -
+008 

+007 

+006 

+Jo5 1 j 
+004 

1 ·-: 
+003 h 

.. , 
+002 t-j 

+001 ri '' 
! 

T 

~ oxygen consumptlon at the : j;: ·:k ;~: .:l·iii r!Hi Üi!llii; 'ti 'Iii lli ljiJ: ,. ·ï': :,:.; : . . l!i ;,· .. : .. J. ' . .:· . :: . 
temperature of the samples. , , .. 1 :: :,,,,11 •• '· '' '~ '" ,1. 1• - 1,, . , . : . ... '1 _,,. l'f .. ·-r- _l_ .. _ ... 

mis.~ gmJ hr,. 11 1 :':I,,J.:.n Ji: ::~,:~;·; : .;~:[~· .. a:· ! .. ~ ., · . : :""· ·:: ,,_.. . . ., : . . I_L.e--~-J-i-
1 1 , 1 : 1 1 1 ,;~. .l l .. :·r.i;' ,t: ,,, rt-, ,,,lit:t ·' . ~:. . ;; ,, , , ,, · Y~ · , · · ll .. "'' t · · LL , 

'·FVri~r l";a T ·wN Hl r ·:v 1 1 · I l· 1 ~ .1 1 1 1 1 1 1\1 · 1 1 r 1 1 r r 1 : ·· 1 · 1 

1 11 L ' H r~'Tl'ri'"Y~rr~p~~~~r 1~ ·:r r·r1 · 1 rr:1 'T'Wll ~f.rfFrrfr=r-·mr· ' 1 , .. ; ..... ..... ·'-· _ ·· .. . :~::: ' .. · · : .. : .. ., .. "1 ::: '<J:L·r·< · S :.. · ; •. · · . :, ,. · ~~· .. ~ .. : - · · ..... _: .. .. 
... -~ , , 1 1 -2'·· . . :· . .. • ·''"':ir: .. · ,,.:.·-· ·: . r · ·~,- . ·· .. -~ 1 ' 1 , 

· ·-· ··--+-·1-t l l lcl .jl '1 J~Y.I~:-.1 -;l.· l ·:y::l l· :~ f .[.f } 1· 1 ,~: 1- 1 l i l l· 1'\ 1 1 ' ' ' ' ' ' t-+-+--1 

· ·; ~b!l .. ::l .;;h.J·l:J, I.,J;;,/1 ~ l :d . Hli[T !k .l .E PT J:-l ii .. T T TT T l i l ' 1 · 1 1 1 1 1 1 : n 

·r·1 ·r·-i-t-t-HJ IJf±an:lEI .. : I :i ·~1~FJJJTl1ll l l-l'TTTTTl l N l l l l 1 ; 1 : 1 · ' 

-oo' f·l +-+--1-+++++lTfT Y.I-;-IJ;:. I,= 1· Il+ 1·1·\1 1' 1 F+Y-f--f--11 I l F! 1 : 1 i 1 1 1 1 -1·1-t ! 1 : 1 : -l- I 

1':- . . ... -· ... , . '"l'' ! ·i. ,,., . . T l . ~t-Il i . • . ---- " · ~ , . . . : , ... . ___ , ___ . . . i. ' , . .L '--~-----... -.... ---r-11- f-L ·7 ... :l. ''·• : T 1 !' 1\. · 1 l ·i ' . 1 ' . . : ·:· J ' . ' . . 
0 F-f ·1 i t-' i J. . · , , .. t'.. :'~ ; :j . 1 1 _L ' i i '"'1... ! 

.. ----:-· ... . ! ] ... . . Ill : , . . : . ., j j 1 : l' ' 1 : 1 . j ! 1 : .' T . . .. . ~- . ~ : · 1 • 1 Lll 1 · < i 

-0 o 2 r 1 1 ' -1 i 1 i . . . 1 .. ·' .. ' .. ' . , . . . . . ....... ........ .... , .. ·' . . •· . . . . 111 1 . i . 1 • ' 1 :. ' 1 : l 1 Il 1 1 . '• ' : . , ;: 
1
, · ~ J --F ~-- ·j-+" j · i . l ·j-1--i--l 1 

: 1 ! . :' l. :1. , , • • 1 . ..... . " - ~ J ! J . 1 : • ! : 1 J. ., , !)Il ,- --·t---r· -'·--r-:· i .,- : · ; 1-. -~--o- --1 
• • 1 1 : ' 

-003 n 
-004 

i 
-005 ' 

-006 fT 
-007 

-008 

·+ ' L.J---1--T+~l -Jl· l .flTrrT ;!::· !·::,!" HfH-Hl --1·1· -1·1-l'"'-1--i .. -j-f-F ~f-~1--1·-1·- 1 ·r-··----+---·--- .. --· ·-·------·-...... 
1+H Tir+· l' j·j j-j j f- 1-1 .. 1 .. 1 '1· 1· 1 ~- ~ .. ~--- , -- · -r-Il 1 1 1 l '+' 1 : j i j : 1 : 1 . 1 1 1 ..... ï --Yl· :... ·. , -r --,~--- .. , .. ··r- ··-r--·T 1---f-.... :----:-- · ~-- ·--,-· ..... -T-~---

-1--t-ifr-1-f- r 1 · 1 ·: 1 r::f[ :l rF F Tl-ft-+ ·1-++·1 ... ~--1, 1-+-- 1 --~i-H-;-1-- :-~-~ --~_ .. ,_:_ ,_ :. __ ,_ ~---
-·--t-t---l~l--t--~ 1 :, 1·1 1 1 ,r·y 1- 1 i .~ l ~ 1 .H-fi-1-++++-1·+· ·1 +~- ··1-FFl-t-~i~~--:~.-: .. · · ·· · ·· ---- ·--·-

-009 
' 1 : /--1-~--1--l--'l- 1 1111 H MN .. If T 1 1 F-1 .. ·l·+-l--·1-- 1--·i +--·'- 1--l·-1· MD. 1 ,--- ~- --,- ; ·,-:--

-010 3 5 7 9 11 1 3 5 7 9 11 1 3 5 7 
FIGURE 16. A possible endog enous cycle of oxygen consumption in salmon smolts . 

..... ..... 
v.> 



114 

been combined and the temperature differences between samples 

eliminated by subtracting the mean oxygen consumption of the 

three fish from the calculated oxygen consumption at the tem-

perature at which the sample was taken. The cycle which is thus 

obtainedis possibl yendogenous and wouldpersist infish maintained 

under constant conditions of temperature. Examination of the 

results of the other experimenta on young salmon reveal that the 

cycle, if it is real, is probably quite variable. The midday peak 

may occur anywhere between 6 A. M. and 4 P. M., falling more 

usuall y during the morning than afternoon. 

Many other factors have been described which effect the 

basal metabolism of fish but which cannat be demonstrated in the se 

results. No suitable figures are available to demonstrate the exist-

ence, or otherwise, of temperature compensation in the basal 

metabolism of young salmon. Lindroth (1942) gives figures for 

the oxygen consumption of young salmon but his figures are so 

much greater than tho se obtained in Ungava it is doubtful that they 

representbasal values. (40 gm. parr utilizing approximately. 80 

0 . 
mls./gm./hr. at 10 Casagainst .61 mls./gm./hr. foranUngava 

parr of equivalent weight). Seasonal changes independent of tem-

p e rature were described by Wells ( 1935) in Fundulus parvipi nnis 

which had its highest metabolic rate in the spring. In nature such 

changes may be intensified by modifications due to the previous 
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thermal historyof the fish which have been described by a number 

of workers, (Fry 1957). Weight is another factor the importance 

of which was stressed previously in the introduction. The range 

ofweights ofthe fish used in the experimenta was deliberatelykept 

as small as possible to a void errors from this source and therefore 

no correlation between weight and oxygen consumption can be dem-

onstrated in the resulta. 

METABOLISM OF THE BROOK TROUT: 

A number of experimenta were carried out with the brook 

trout (Salvelinus fontinalis) in addition to those already described 

with salmon. The brook trout occupies a somewhat similar eco-

logical niche to the salmon but its range extends farther north to 

Hudson Strait. It is a species which has been studied extensively 

in the laboratory and figures are available for comparison with the 

field results. 

As with the salmon, a straight line relationship was assumed 

to exist between the temperature and the logarithm of the oxygen 

0 0 
consumptionfor the range of temperatures involved. (4. OC - 14. 7 

C). The equation for this line was found to be:-

Log y: . 05671x + 2. 1539 

(y : the oxygen consumption in mls/ gm/hr) 

The fiducial limits at the 95o/o 1evel of probability are given 

by:-
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.003270 
[
_. 1_. ( xo - 9. 0 3) 

2
] 

98 + 672.95 . 

(t = 2. 0 when n = 98 at the 95% level of probability) 

Fourteen successful brook trout experimenta were conducted, the 

mean weight of the experimentalfish was 113. 6 gms., the standard 

deviation 45. 

In Figure 17 the curve is plotted and the limits iricluded. 

Also shawn on the graph is aline showingthe oxygen consumption 

afa 100 gm. brooktroutcalculatedfromthe resultsof Job (1955). 

The two curves are verymuch alike, the slight difference in shapes 

being due largel yto differences in the method of calculation. The re 

is no evidence of temperature compensation in the basal metabolism 

of Ungava brook trout as compared with those from Ontario. 

Although no specifie attempt was made to measure maximum 

consumptions, a fewfigures were obtained which indicate what the 

maximum values might be. The se were principally from experi-

ments in which readings were taken immediately after the intro-

duction of the fi sh, al so a few came from experiment sin which the 

fish did not settle dawn, or became excitedfor sorne reason. Whe.n 

the se maximal values are compared with the curve obtained by Job 

for the active metabolism of brook trout, it appears possible that 

Ungava fi sh are able to consume more oxygen at a gi ven temperature 
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thanOntariofish. InFigure 18 thecurvefor theactive metabolism 

of a 100 gm. brook trout calculatedfrom Job' s results is compared 

with the maximal values obtained in Ungava fish. Unfortunately 

the results are insufficient to justify any conclusions other than 

that a detailed study of the active metabolism of the Ungava trout 

may provide sorne interesting data on the problem of temperature 

compensation in fish. 
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DISCUSSION 

Two general questions prompted this study of the Ungava 

salmon populations. 

(1) What factors are responsible for limiting Ungava sal­

mon to rivers flowing into the south shore of the bay? 

(2) Can the salmon populations which breed in the se ri vers 

cope with the natural disadvantages of their environment and with 

the demands of a fishery? 

Although it is not possible to give a definitive answer to 

either question, the information which has been obtained during 

the se investigations does, to sorne extent, illuminate the problems. 

FACTORS LIMITING THE RANGE: 

The reasons why salmon are virtually confined to three 

rivers in Ungava must be sought in the freshwater phases of the 

life cycle. Once they enter the sea, growth of Ungava salmon is 

as vigorous as that of salmon from other regions, afact which leads 

one to suppose that whenoncetheyleavetherivers, the young sal­

mon do not linger in the ice-cold waters of Ungava Bay. A limit 

may be imposedin other regions, for example Hudson1s Bay, owing 

to the distance salmon must travel through Arctic waters to reach 

the river s. This clearly cannot explain the distribution of salmon 

in Ungava Bay. Assuming salmon enteringthe baydo so from the 
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east, migrating around the northern tip of Labrador, the distances 

to all the major ri vers are approximatel y equal if they swim direct­

ly across the bay. Alternative! y, if migration is around the coast 

the Payne River is anadditional 100 miles andthe Leaf River, 40 

miles beyond the Koksoak. Neither of these distances should be 

unnegotiable. 

The rivers in which salmon occur are all large and flow 

northwards from the interior of the Labrador plateau to the coast. 

The climate over the watersheds of these rivers is considerably 

milder during the summer and the summer is longer in duration 

than it is over the riversfarther west and north. In Table No. 12 

are recorded the durations of the seasons with temperatures at a 

mean of 32°F., 43°F. and 50°F. or over, for the watersheds of 

the major rivers entering Ungava Bay. Also included are simi­

lar figures from localities where Atlantic salmon reaches the north-

ern extent of its range in southwest Greenland, southwest Iceland 

and northwest Russia. The limit for successful survival of sal­

mon appears to be reached, at least in northern Canada, when the 

length of the growing season falls to below lOO da ys. An estimate 

of the length of the growing season in any locality is given by the 

number of days with a mean temperature of 43°F. or higher. 

While northern races of salmongrow as rapidly during the 
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Table No. 12 

No. of Days No. of Days No. of Days 
with a mean with a mean with a mean 

Locality of 32° or over of 43° or over of 50° or over 

George River 150 100 50 

Koksoak River 150 100 50 

Whale River 150 100 50 

Leaf River 150 80 20 

Payne River 130 50 0 

S. W. Iceland 
(Haell) 225 120 55 

N. W. Russia 
(Pechora Ri ver) 175 115 72 

*S. W. Greenland 
(Kapisigdlit) --- approx.95 --

* Kapisigdlit is the only place where the Atlantic salmon is known to breed 
in Greenland, (J. Niel son personal communication). Temperature 
records from this locality are limited to four year s . 1939 - 1942. 

THE LENGTH OF SUMMER, OVER THE WATERSHEDS OF THE MAJOR 

RIVERS ENTERING UNGAVA BAY AND IN OTHER LOCALITIES WHERE 

THE SALMON REACHES THE NORTHERN EXTENT OF l TS BREEDING ------ ---- - --------
RANGE 
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growing season as salmon from other localities, yearly growth 

increments are undoubtedly less, the result of a short period of 

surnmer growth. Salmon in the north are older at migration and 

in the far north are also considerablylarger than tho se from south­

er! y regions. It is well recognized that age at migration increases 

with the latitude but th at the size ma y al so change in the same di­

rection appears to have been previously unsuspected. Within in­

dividual ri vers it has been observed that the oldest smolts on mi-

gration tend to be slightlylarger thanthe youngest. Unfortunately 

few figures are available giving the sizes at migration of young 

salmon which have been derivedfrom actualmeasurements of the 

migrants rather than calculated from the scales of adult salmon. 

Jones (1949) gives a series of figures from British rivers which 

show this trend. Hoar ( 1939) found that the average size of 3 year 

old migrants from the Margaree River was slightly greater than 

that of 2 year olds. A similar, though very flexible, relationship 

probably exists over the whole range of the salmon and as the 

average age at migration becomes greater towards the north so 

does the mean length. As mean lengths increase it becomes more 

difficult for young salmon to attain the size for migration and a 

stagemaybe reached whentheprocess breaks down. Mean lengths 

of smolts in the George and Koksoak Ri vers are alreadyvery high 

and further enlargement may result in a curtailment of the life 
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cycle by the onset of sexual maturity. This in essence is what was 

suggested by Power ( 1958) to occur in Atlantic salmon populations 

exposed to severely cold climatic conditions and is responsible 

for the development of non-migratory races. 

Winter in the north presents a series of problems. During 

this periodof the year the young salmon are believednot tofeed but 

to remain in a relatively dormant condition in the deeper pools of 

the river. Throughout this time the fish maintain themselves on 

the food reserves stored within the body duringthe previous sum­

mer. Compared with other species of fish, the salmon is ill­

equipped to face long periods of starvationhaving as it does a com­

paratively high rate of metabolism. Its food requirements are 

therefore quite high and during a long winter most of its energy 

reserves will be utilized. In Ungava this amountsto a 1oss of per­

haps 20o/o of the body weight which compared with other regions is 

not excessive. Nevertheless a limit must be reached when the 

winter either becomes too long for survival or the summer too 

short for recovery. 

Menzies ( 1949) in discussing the possible causes for annual 

fluctuations in the stock of salmon feels that one of the critical 

stages in the life cycle is the period when the alevins commence 

fee ding. Alevins relyupon the spring bloom ofmicroscopic organ­

isme to supply them with food and if the time they are ready to 
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feed does not coïncide with this they can be faced with wholesale 

starvation. In Great Britain this condition may arise when a mild 

winter, during which the period of incubation is reduced, is fol­

lowed by a cold spring. The incubation period for salmon ova at 

a temperature of 1 °C. is about 160 da ys. Towards the north not 

only does the duration of winter increase but thetime of spawning 

is usually advanced. Even if spawning in Ungava is delayed until 

November (this is comparable with the date in Scotland) the alevins 

will hatch in April. Hatching in April is precarious as spring 

break-up doe s not normall y occur until Ma y and the micro scopic life 

upon which the alevins dependis probably not available before the 

end of that month. In years in which there is a late spring, as in 

1956 when break-up occurred near the end of June, the alevins' 

chances of survival may be negligible. The majority of Ungava 

salmon have either a 6 or 7 year life cycle, so that heavymortality 

amongst the alevins in 1956 would be expected to show up in 1962 

when the 4. 2+ class of adult salmon should be poorlyrepresented 

in the catches and in 1963 when the 5. 2 + class will be scarce. 

Moving west and north from the Koksoak to the Leaf and Payne 

Rivers the chances of this happening are greatlyincreased by the 

more severe climate. 

The wide range of ages at migration of the smolts means 

that fluctuations in the stock of salmon brought about by factors 
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influencing the fre shwater stages will tend to be smoothed out. To 

take an extreme example: if spawning proved to be a total failure 

in 1956 then the smolt run in 1962 would only be reduced to about 

SOo/o of the normal size by the complete absence of the 4+ class of 

migrants. This implies a relative immunity to sudden fluctuations 

in the freshwater stock. On the northernfringe of the range where 

the struggle for existence is directed largel y against the physical 

enviromnent the ability to withstand enviromnental fluctuations, 

which exceed even the threshold for successful reproduction is 

a definite asset if not a necessity. In more temperate regions 

where the age at migration of the smolts is rouch more uniform 

a spawning failure one year would have a rouch more severe effect 

on the stock and one which would persist for a number of gener­

ations. 

A final aspect of survi val of salmon in the north which, 

be cause of lack of knowledge, must be largel y speculative, is the 

effect of permafrost on winter drainage and river levels. During 

winter the active layer abovethe permafrost table freezes over and 

when this occurs drainage is at a minimum. Rivers may be re­

duced to a mere fraction of the normal size or transformed into 

a series of almost stagnant lakes and pools. Salmon spawn in gravel 

over or through which a current of water must flow to suppl y the 

developing ova with oxygen and remove waste products. Such 
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places are probably amongst the most susceptible to drying and 

freezing during a prolonged winter. It may be significant that the 

Leaf and Payne Ri vers lie completelywithinthe zone of permafrost 

while the headwaters of t~e Koksoak, Whale and George Rivers 

extend south beyond this area. 

To summarize, climatic factors are undoubtedly respon-

sible for the existence of salmon in the large rivers flowing into 

the south of Ungava Bay and for the absence of them from the Leaf 

and Payne Rivers. At what phase in the freshwater life of the 

salmon these operate is not known, but a number of possibilities 

have be en sugge sted. The cold climate ma y re sult in a modification 

of the normal migratorybehaviour ofthe salmon. Itmay make the 

chances of successful reproduction slight. In all probability not 

one but a combination of factors are responsible for imposing a 

northern limit on the range of the Atlantic salmon. 

THE PROBLEM OF A FISHER Y: 

A salmonfisherycould undoubtedlybemaintained in Ungava 

Bay; however, the returns could never be great in relation to the 

sizes of the rivers concerned. The reason for this is that at any 

time the ri vers contain at least four year classes of young salmon 

all competing with each other for the available food and space. 

The smolts are very large on migration and hence considerably 

more food is required to produce one smolt from the George River 
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than, for example, one from the Margaree or St. John Rivers; 

moreover, the latter are in regions where the food supply is prob­

ably more abundant. Stated differently, this implies that more 

space is required to produce a smolt in Ungava than is required 

in more temperate regions, conversely the population density of 

each year class must be less. With our present knowledge, it is 

impossible to attach numerical values to these statements. 

The marine phase of the salmon' s life is one of heavy mor­

tality. The results of tagging experimente indicate that only about 

1 o/o of the smolts survive to return as adults. Our knowledge of 

the sea life is meagre and it is not known at what stage mortality 

is highest. Smolts migrating to sea have to make considerable 

osmotic adjustments as theypass fromfresh intobrackish water. 

It is possible that high mortality is incurred by the migrants during 

this transfer. In the lamprey (Lampetraflùviatilis) at temperatures 

near freezing permeability to water and probably to salts is low­

ered, (Wikgren 1953). If this is alsotrue of salmon the cold tem­

peratures of Ungava Baymaymateriallyaid survival of the smolts. 

The large size of Ungava smolts may also influence their survival. 

If both the se factors combine and counteract tho se just discussed, 

tending to produce a decreased smolt production, returns from a 

fi shery will be greater than conditions otherwi se impl y. Unfortun-
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ately for practical reasons it would be extremelycostly and diffi­

cult to estimate mortality rates amongst Ungava salmon. 

The length of the life cycle of Ungava salmon means that 

there are slow returns on the capital invested each year in the form 

of fertilized salmon ova. The returnsmay improve as a result of 

fishery activity reducing the number of fish spawning each year 

thus causing a reduction in the population density of the parr and 

providing the remainder with more favourable circmnstances. 

The se ma y th en be able to grow more quickl y and migrate to sea 

at an earlier age. 

These are theoretical considerations. From a practical 

point of view other factors must be assessed. A major obstacle 

is to find suitable markets for the catches. With the proposed 

mining and aviation developments in Ungava, local markets for 

salmon willprobablydevelopin thenext fewyears. Export to out­

side areas is also a possibilitybut the profits from such an enter­

prise are necessarily restricted by the cost of transportation. If 

exporting salmonisconsidered1 it may bemoreprofitable to enter 

the luxury food field and process the catches at Chimo1 or sorne 

other sui table location, exporting them in the form of smoked sal­

mon. The wholesale priee of smoked salmon is around $1.25 a 

pound compared with between SOÇ and 70Ç a pound for fresh salmon. 
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Probably the most important consideration is the value of 

the salmon catches in the native economy. Very little salmon 

flesh is eaten by the natives who select only the roe and liver. 

The remainder of the fish is stored in barrels where it is allowed 

to decompose and finallybecome frozen. This frozen, tainted fish 

is a valuable winter food for the Eskimo dogs. To replace it with 

an equivalent would probably cost far morethan anyprofits which 

could be derived from marketing the salmon catches. As it is at 

the present moment the natives are desperately short of dog food. 

During Augustwhenthe salmonentertherivers, thenatives prefer 

to work unloading boats instead of fishing with the result that during 

the latter half of the winter theymust buy imported food for their 

dogs. This they can ill afford to do. It is obvious to anyone seeing 

the condition of the Ungava E skimo and their dog s th at they need to 

catch far more fi sh for their own consumption before they consider 

selling any. 

One possible wayof exploiting the Ungava salmon re sources 

is by means of a carefully controlled sport fishery. Salmon can be 

taken readil y on spinning and fl yfishing tackle at certain localities 

along the ri ver s. Properl ymanaged this could provide a source of 

employment for the natives , who could act as guides or gillies, 

and a source of winter food for their dogs as the sportsmen would 
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be unable to consume all the fish they caught. Some of the wages 

earned by the natives could be used to buyfishing nets so that they 

could, if necessary, supplement the supplyof salmonprovided by 

the anglers. An experimental fishery of this nature has already 

been started at Helen Falls, George River andhas met with some 

success, (Carpenter 1957). Others could be started on the Whale 

and Koksoak Rivers, but should be controlled so that the natives 

can benefit to the fulle st extent from all profits that are made. The 

shortness of the fishing season, the uncertainty ofthe weather and 

the inaccessibility of the region are the principal difficulties which 

have to be faced in initiating such a project. The latter difficulty 

is being quickly eliminated as Ungava is opened up bymining opera­

tions. 

The present shortage of dog food, particularly at Chimo, 

could easily be alleviated if the natives put a little more effort 

into their fishing. Most of the nets at present are set in the im­

mediate proximityof Chimo, none of them are set farther up river 

in non-tidal water where the salmon are more vulnerable to cap­

ture. The salmonrun atChimolastsonlyaboutthreeweeks during 

which time the natives must take all their catch. In 1957 strong 

winds in mid-August, which are notuncommonduringthis month, 

prevented them visiting the nets for five days, which means a 

quarter of the run was lost. If the fishermen followed the run as 
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it moved up river the fishing season could be extended many weeks 

well into September. The native nets areusuallybetween 7 inches 

and 8 inches in mesh. It may pa y them to reduce this mesh size 

to nearer 6 inches as with the present size of net many valuable 

fish of 10 pounds or so in weight can squeeze through. There is 

strong resistanceto any suggestions such asthis onthe part of the 

natives who tell me they have experimented with many sizes of net 

and find the present size best. Also they fe el since they have be en 

fishing for as long as they can remember no outsider can tell them 

anything they don't alreadyknow. Theyforget that they were first 

introduced to gill net fishing bywhite men, employees of the Hud­

son 1 s Bay Company. The general impression one has is that he re 

is a valuable natural resource which the natives can ill afford to 

ignore, which is at present being used casuallyratherthan exploited 

to the full. 

Perhaps since the present plight of the Ungava Eskimo is 

largely the result of contact with civilized man, it is our respon­

sibility to insure that in future years they make fuller use of this 

and other of their natural resources. 
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SUMMARY 

The Atlantic salmon which inhabit the ri vers flowing north 

into Ungava Bay are of particular biological significance as here 

the salmon reaches the northern limit of its range in Canada. In 

spite of their importance, this is the first biological investigation 

of these salmon to be made. 

ln Ungava summer lasts only about 3-1/2 months. Smolt 

metamorphosis and migration, which in more temperate regions 

can take place in one season, are extended over two. Metamor -

phosis takes place during late summer and fall and migration is 

dela yed until the following spring. 

The migration takes place during July, bywhich time river 

levels have fallen considerably from the spring maxima and water 

temperatures are above 12°C. The smolts are fairly uniform in 

size, the majoritybeing between 20 and 24 ems. in length, but vary 

in age from 3 to 7 years. Inanalyzing the growth ofjuvenile sal-

mon different growth rates in the five age groups of smolts can be 

clearl y demonstrated by making 1back measurements 1 on scales 

taken from members of each group. That these 1back measure-

ments' are a reliable estimate of growth is demonstrated by: -

(1) A close agreement between estimates of growth obtained from 

the scale s of sm olt sand adult salmon. {2) The fa ct that the spread 

of the growth curves calculated by 1back m easurements 1 corres-
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ponds to the observed range of sizes of parr. 

Depending on how it is expressed, the growth of Ungava 

salmon parr is either inferior or superior to that of parr from 

more temperate regions. Annual growth increments are not great 

due to the short summer but daily increments during the growing 

season are at least as large and in sorne cases larger than those 

of other salmon. During the summer the estimated average dail y 

growth increments for the George and Koksoak River parr are . 039 

ems. and . 050 ems. respectively. 

The average age of the smolt s migrating from the Koksoak 

River is 4. 2 years and from the George River it is 4. 7 years. The 

large size of the smolts suggests that a correlation may exist be­

tween position in the range and size at migration such that smolts 

tend to become larger towards the north. This is comparable to 

the increase in age at migration from south to north of the range. 

The spawning runs of adult salmon enter Ungava ri vers be­

tween the 24th of July and the 20th of August. The runs consist 

mainlyof small summer (2+) fish, fish whichhave spenttwo com­

plete years and part of a third year feeding at sea. The marine 

growth of Ungava salmon is as vigorous as that of salmon from 

other regions, the majority of the small summer fish weighing 

between 10 and 14 lbs. It is unlikely that such growth could be 
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accompli shed in the ice-cold waters of Ungava Bay and the salmon 

probably migrate elsewhere to feed. 

Once they enter freshwater the salmon move rapidly up­

stream. The condition of the gonads in early September makes 

spawning before the end of that month most unlikely. The number 

of egg s carried bythe females is rather variable but on the average 

800 eggs are produced per pound of fish. Females outnumber males 

in catches of adult salmon by a ratio of 2-1/2:1. The reasons for 

this are: - (1) Grilse, which are predominantly male fish, are 

poorly represented in catches. (2) Females are in the majority 

in the migrating smolt population possibly because males which 

mature and spawn as parr die, being unable to stand the strain of 

spawning together with the rigors ofwinter. Only about So/o of the 

spawning population survives to spawn on a subsequent occasion. 

The juvenile stages of Ungava salmon are slim compared 

with fishfrom other localities while the adults do not differ mater-

iall y from ethers in their weight-length relationship. Conditions 

in freshwater, particularly food supply, must determine the low 

value of the condition factor (K) in the young stages of Ungava sal­

mon. Insects of the family Simulidae and the orders Ephem­

eroptera, Hymenoptera, Plecoptera and Trichoptera form the bulk 

of the diet of young Ungava salmon. 
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Measurements of the basal metabolic rate of juvenile sal­

mon, made in the field using a continuous flow respirometer, 

indicate that the curve relating oxygen consumption to tempera­

ture is steeper for smolts thanfor parr. Since temperature is con­

sidered to be one of the environmental factors important in initia­

ting smolt migration it may be significant that sensitivity totem­

perature is particularly evident in smolts at the temperatures 

at which migration normally occurs. 

By extrapolation of the oxygen consumption/temperature 

curve of salmon parr it is possible to estimate the amount of oxygen 

consumed during the winter and the resulting loss of weight. In 

Ungava salmon parr this amounts to between 14 and 20 per cent 

of the body weight. 

The diurnal cycles of oxygen consumption of three salmon 

smolts revealed two periods ofincreasedmetabolic activity. The se 

occurred at midnight and middaywhile activity was at a minimum 

during the earl y morning and late afternoon. A similar cycle has 

been demonstrated in the feeding activity of young salmon. 

Measurements of the basal metabolism of the brook trout 

showedno evidence of temperature compensation in the basal meta­

bolism of Ungava fish as compared with fish from Ontario. 
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Climatic factors operating on the freshwater stages of the 

life cycle impose a northern limit on the distribution of Atlantic 

salmon in Canada. The limit appear s to be reached wh en the length 

of the growing season is less than 100 days. 



APPENDIX 

Species: Salmon (Parr) 

Time Temp. c OÊ Consum. 
c/gm/hr 

Date: July 27 9 AM 15.0 .091 
Loc: George River 10 15.0 .093 
Lgth: 11 15 •. 2 .105 
Wt: 45 gm. 12 Noon 15.2 .133 
Se x: 1 PM 15.1 .108 
Age: 2 15.4 .103 

3 15.9 .105 

Date: August 5 5 PM 14.7 .104 
Loc: George River 6 14.5 .090 
Lgth: 16 cm. 7 14.4 .090 

Wt: 39 gm. 8 14.2 .090 

Se x: ~ 9 13.9 .090 
Age: 3 + 

Rate of Drop to Basal 11 AM 12.7 .175 
Leve1 11:30 12.7 .175 

(Fish insta11ed at 12 Noon 12.7 .171 10:30 AM) 
12:30 PM 12.7 .106 

Date: August 8 1 12.8 .075 
Loc: George River 2 12.8 .083 
Lgth: 18.5 cm. 3 12.8 .083 
Wt: 59 gm. 4 12.8 .094 

Se x: ci' 5 12.8 .094 

Age: 3 + 5:30 12.8 .067 
6 12.7 .073 

7:30 12.7 .102 



ii 

Time Temp. c Og Consum. 
c/gm/hr 

Date: August 11 9:30 AM 15.5 .089 
Loc: George River 10:30 15.7 .088 
Lgth: 16 cm. 11:30 15.8 .108 
Wt: 42 gm. 12:30 PM 16.1 .108 
Se x: cr 1:30 16.0 .106 
Age: 4 + 2:30 15.9 .089 

Date: August 13 11 AM 15.4 .110 
Loc: George River 12 Noon 15.1 .110 
Lgth: 11 cm. 1 PM 15.0 .110 
Wt: 16 gm. 2 15.1 .109 
Se x: cl' 3 15.5 .124 
Age: 2 + 4 15.3 .109 

Date: Ju1y 20 9:30AM 4.3 .058 
Loc: Koksoak tributary 10:30 5.1 .047 
Lgth: 17 cm. 11:30 5.8 .044 
Wt: 44 gm. 12:30 PM 6.4 .048 
Se x: d" 1:30 7.0 .043 
Age: 3 + 2:30 7.5 .063 

Date: July 20 9:30AM 4.3 .051 
Loc: Eoksoak tributary 10:30 5.1 .046 

Lgth: 16 cm. 11:30 5.8 .043 
Wt: 40 gm. 12:30 PM 6.4 .067 
Se x: cr 1:30 7.0 .072 
Age: 3 + 2:30 7. 5 .065 
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Time Temp. c Og Consum. 
c/gm/hr 

Date: Ju1y 20 9:30AM 4.3 .019 
Loc: Koksoak tributary 10:30 5.1 .026 
Lgth: 15.5 cm. 11:30 5.8 .030 
\tlt: 36 gm. 12:30 PM 6.4 .023 
Se x: cf" 1:30 7.0 .029 
Age: 3 + 2:30 7.5 .028 

Date: August 25 10 AM 7.5 .047 
Loc: Koksoak tributary 11 7.6 .042 
Lgth: 18 cm. 12 Noon 8.2 .047 
Wt: 60 gm. 1:30PM 9.2 .056 
Se x: ~ 2:30 10.6 .081 
Age: 4 + 3:30 11.6 .072 

Date: September 1 8 AM 8.5 .078 
Loc: Koksoak tributary 9 8.9 .060 
Lgth: 16.5 cm. 10 9.2 .063 
Wt: 47 gm. 11 9.6 .068 
Se x: cl' 12 Noon 9.6 .064 
Age: 3 + 1 PM 9.9 .066 

Date: September 2 6 AM 7.9 .018 
Loc: Koksoak tributary 7 8.0 .037 
Lgth: 16.5 cm. 8 8.1 .053 
Wt: 40 gm. 9 8.4 .051 

Se x: ~ 10 8.4 .049 
Age: 3 + 11 9.0 .052 



iv 

Species: Salmon (Smolt) 

Ti me Temp c. o
6 

Consum. 
c/gm/hr 

Date: August 4 8 PM 14.5 .119 
Loc: George River 9 14.5 .106 
Lgth: 21.5 cm. 10 14.5 .118 
Wt: 93 gm. 5 AM 14 •. 4 .109 
Se x: ~ 6 14.4 .lOO 
Age: 5 + 7 14.4 .098 

8 14.4 .09'( 

9 14.4 .103 
10 14.4 .095 

Date: August 5 11 AM 14.5 .115 
Loc: George River 12 Noon 14.5 .115 
Lgth: 20 cm. 1 PM 14.6 .122 

Wt: 78 gm. 2 14.7 .129 
Se x: ~ 3 14.9 .109 

Age: 4 + 4 14.9 .112 

Date: August 6 7:30 AM 12.5 .081 

Loc: George River 8:30 12.8 .071 
Lgth: 21 cm. 9:30 12.9 .085 
Wt: 76 gm. 10:30 12.6 .094 
Se x: ~ 11:30 13.4 .095 
Age: 4 + 12:30 PM 13.2 .069 

Date: August 9 8 AM 12.9 .092 
Loc: George River 9 13.0 .073 
Lgth: 21.5 10 13.2 .104 
Wt: 84 gm. 11 13.2 .098 

Se x: d' 12 Noon 13.3 .089 

Age: 4 + 1 PM 13.3 .099 



v 

Ti me Temp. C Og Consum. 
c/gm/hr 

Date: August 14 6 AM 14.8 .100 
Loc: George River 7 14.8 .108 
Lgth: 21 cm. 8 15.0 .108 
Wt: 89 gm. 9 15.1 .131 
Se x: ~ 10 15.1 .131 
Age: 5 + 

Date: September 1 8 AM 8.5 .046 
Loc: Koksoak tributary 9 8.9 .043 
Lgth: 19.5 cm. 10 9.2 .040 
Wt: 79 gm. 11 9.6 .050 
Se x: .~ 12 Noon 9.6 .045 
Age: 3 + 1 PM 9.9 .053 

Date: September 1 8 AM 8.5 .057 
Loc: Koksoak tributary 9 8.9 .052 
Lgth: 20 cm. 10 9.2 .045 
Wt: 83 gm. 11 9.6 .051 
Se x: ~ 12 Noon 9.6 .038 
Age: 3 + 1 PM 9.9 .041 

Date: September 2 6 AM 7.9 .033 
Loc: Koksoak tributary 7 8.0 .042 
Lgth: 18 cm. 8 8.1 .048 
Wt: 62 gm. 9 8.4 .048 
Se x: d' 10 8.4 .044 
Age: 3 + 11 9.0 .048 



vi 

Time Temp. c Og Consum. 
c/gm/hr 

Date: September 2 6 AM 7.9 .035 
Loc: loksoak tributary 7 8.0 .041 
Lgth: 21.5 cm. 8 8.1 .040 
Wt: 103 gm. 9 8.4 .039 
Se x: ~ 10 8.4 .041 
Age: 6 + 11 9.0 .036 

Date: September 3 8 AM 6.9 .030 
Loc: Koksoak tributary 9 7.4 .030 
Lgth: 19.5 cm. 10 7.9 .044 
Wt: 81 gm. 11 8.2 .040 
Sex: cr 12 Noon 8.7 .041 
Age: 3 + 1 PM 9.4 .047 

Date: September 3 8 AM 6.9 .034 
Loc: Koksoak tributary 9 7.4 .040 
Lgth: 19.5 cm. 10 7.9 .056 
Wt: 77 gm. 11 8.2 .034 
Se x: cf' 12 Noon 8.7 .039 
Age: 3 + 1 PM 9.4 .039 

Diurnal Rh;ythm 3:30 PM 9.4 .053 
Date: September 3-4 4 9.4 .030 
Loc: Koksoak tributary 5 9.5 .030 
Lgth: 19.5 cm. 7 9.5 .040 
Wt: 72 gm. 9 8.9 .036 
Sex: if 11 8.2 .034 
Age: 3 + 1 AM 7.6 .042 

3 7.2 .028 

5 6.9 .023 
7 6.5 .023 
9 6.4 .053 

11 7.2 .026 



vii 

Ti me Temp. c Og Consum. 
c/gm/hr 

Diurnal Rh~thm 3:30 PM 9.4 .052 
Date: September 3-4 4 9.4 .044 
Loc: Koksoak tributary 5 9.5 .047 
Lgth: 21 cm. 7 9.5 .040 
Wt: 91 gm. 9 8.9 .044 
Se x: ~ 11 8.2 .061 
Age: 3 + 1 AM 7.6 .051 

3 7.2 .045 
5 6.9 .030 
7 6.5 .041 
9 6.4 .042 

11 7.2 .042 
1 PM 8.3 .066 
4 9.4 .042 
6 9.4 .049 

Diurnal Rh~thm 3:30PM 9.4 .058 
Date: September 3-4 4 9.4 .048 
Loc: Koksoak tributary 5 9.5 .043 
Lgth: 21 cm. 7 9.5 .040 
Wt: 83 gm. 9 8.9 .037 
Sex: ~ 11 8.2 .038 
Age: 3 + 1 AM 7.6 .049 

3 7.2 .035 
5 6.9 .024 
7 6.5 .027 
9 6.4 .035 

11 7.2 .034 
1 PM 8.3 .059 
4 9.4 .035 
6 9.4 .041 



viii 

Ti me Temp. C OÊ Consum. 
c/gm/hr 

Date: September 6 10 AM 10.4 .047 
Loc: Koksoak tributary 11 10.5 .055 
Lgth: 20.5 cm. 12 Noon 10.6 .056 
Wt: 83 gm. 3 PM 11.5 .062 
Se x: d" 4 11.5 .063 
Age: 4 + 5 11.8 .056 

Date: September 6 10 AM 10.4 .037 
Loc: Koksoak tributary 11 10.5 .033 
Lgth: 19.5 cm. 12 Noon 10.6 .047 
Wt: 74 gm. 3 PM 11.5 .065 
Se x: (/' 4 11.5 .048 
Age: 3 + 5 11.8 .054 

Date: September 6 10 AM 10.4 .038 
Loc: Koksoak tributary 11 10.5 .044 
Lgth: 20.5 cm. 12 No on 10.6 .055 
Wt: 83 gm. 3 PM 11.5 .058 
Se x: cf' 4 11.5 .069 
Age: 4 + 5 11.8 .065 

Date: September 7 7 AM 4.3 .022 
Loc: Koksoak tributary 8 4.4 .024 
Lgth: 18 cm. 9 4.7 .024 
Wt: 58 gm. 10 4.9 .025 
Se x: ~ 11 5.1 .032 
Age: 3 + 12 Noon 5.5 .035 



ix 

Time Temp. c Og Consum. 
c/gm/hr 

Date: September 7 7 AM 4.3 .036 
Loc: Koksoak tributary 8 4.4 .019 
Lgth: 20 cm. 9 4.7 .025 
Wt: 77 gm. 10 4.9 .028 
Se x: ~ 11 5.1 .036 
Age: 3 + 12 Noon 5.5 .036 

Date: September 7 7 AM 4.3 .052 
Loc: Koksoak tributary 8 4.4 .020 
Lgth: 19 cm. 9 4.7 .021 
\rit: 73 gm. 10 4.9 .026 
Se x: ~ 11 5.1 .023 
Age: 4 + 12 No on 5.5 .028 

Species: Brook Trout 

Time Temp. c Og Consum. 
c/gm/hr 

Date: September 1 11 AM 10.4 .045 
Loc: Lac Aigneau 12 No on 10.5 .052 
Lgth: 24.5 cm. 1 PM 10.5 .050 
Wt: 133 gm. 5 10.4 .057 
Se x: ~ 5:30 AM 10.4 .053 

6 10.4 .053 
6:30 10.3 .052 
8:30 10.2 .051 



x 

Time Temp. c o
6 

Consum. 
c/gm/hr 

Date: September 9 7:30AM 6.4 .029 
Loc: Lac Aigneau 10 6.8 .038 
Lgth: 24.5 cm. 10:30 7.1 .033 
Wt: 154 gm. 11 7.3 .034 
Sex: ar 11:30 7.5 .037 

12 Noon 7.8 .038 
2:30 PM 8.7 .034 
3 9.0 .038 
3:·30 9.0 .038 
4 9.0 .040 

Date: September 10 9 AM 7.2 .034 
Loc: Lac Aigneau 9:30 7.4 .040 
Lgth: 19 cm. 10 7.5 .037 
VIt: 74 gm. 10:30 7.75 .040 
Se x: ~ 11 7.85 .047 

1 PM 8.6 .051 
2:30 8.3 .049 

Date: September 12 10 AM 6.2 .034 
Loc: Lac:: Aigneau 10:30 6.1 .028 
Lgth: 20.5 cm. 11 6.1 .028 
Wt: 84 gm. 3 PM 7.4 .049 
Se x: ~ 3:30 7.6 .043 

4 7.4 .040 



xi 

Time Temp. c Og Consum. 
c/gm/hr 

Date: June 18 9 AM 9.0 .053 
Loc: George River 10 9.0 .048 
Lgth: 11 9.3 .054 
Wt: 84 gm. 11s30 9.5 .054 
Se x: cf' 12 Noon 9.6 .057 

1:30PM 9.9 .048 
2 10.2 .054 
2:30 10.4 .060 

3 10.6 .061 
3:30 10.9 .070 

Date: Ju1y 20 12 Noon 10.3 .058 
Loc: George River 12:30 PM 10.1 .053 
Lgth: 1 10.3 .063 
Wt: 63 gm. 2 11.2 .060 
Se x: cl' 3 10.4 .058 

4 10.5 .058 
5 10.5 .059 
5:30 10.6 .058 
7 10.3 .048 

Date : Ju1y 24 10 AM 13.5 .082 
Loc: George River 13.7 .079 
Lgth: 14.0 .085 
Wt: 84 gm. 14.1 .089 
Se x: d' 14.4 .096 

3 PM 14.7 .089 



xii 

Time Temp. c o6 Consum. 
c/gm/hr 

Date: August 16 10 AM 14.5 .089 
Loc: George River 11 14 •. 6 .094 
Lgth: 12 Noon 14.4 .091 
Wt: 141 gm. 1 PM 14.4 .094 
Se x: d" 2 14.5 .089 

3 14.0 .091 

Date: Ju1y 17 9:30 AM 4.0 .027 
Loc: Manitou 10:30 4.8 .026 
Lgth: 11:30 5.6 .026 
Wt: 120 gm. 12:30 PM 6.5 .036 
Se x: ~ 1:30 7.5 .055 

2:30 8.0 .058 

Date: Ju1y 17 9:30 AM 4.0 .018 
Loc: Manitou 10:30 4.8 .026 
Lgth: 11:30 5.6 .026 
Wt: 123 gm. 12:30 PM 6.5 .036 
Sex: d" 1:30 7.5 .039 

2:30 8.0 .040 

Date: Ju1y 17 10:30 AM 4.8 .021 
Loc: Manitou 11:30 5.6 .035 
Lgth: 12:30 PM 6.5 .036 
Wt: 233 gm. 1:30 7.5 .031 
Sex: d" .2:30 8.0 .034 

3:30 8.6 .044 



xiii 

Time Temp. c Og Consum. 
c/gm/hr 

Date: Ju1y 18 9:30AM 5.4 .024 
Loc: Manitou 10:30 5.8 .027 
Lgth: 11:30 6.1 .041 
Wt: 116 gm. 12:30 PM 7.2 .038 
Se x: ~ 1:30 8.1 .041 

2:30 8.4 .044 

Date: August 25 10 AM 7.5 .050 
Loc: Manitou 11 7.6 .044 
Lgth: 12 Noon 8.2 .039 
Wt: 51 gm. 1:30PM 9.2 .036 

S@X: if' 2:30 10.6 .063 
3:30 11.6 .067 

Date: August 25 10 AM 7.5 .034 
Loc: M~nitou 11 7.6 .033 
Lgth: 12 Noon 8.2 .034 
Wt: 131 gm. 1:30PM 9.2 .040 
Se x: c?' 2:30 10.6 .074 

3:30 11.6 .070 


