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I . INTRODUCTION 

Babine Lake (Figure 1) , supports one of the l argest 

sockeye salmon runs in British Columbia. It produces t he 

bulk of the Skeena River catch , which currently averag es 

about 500 , 000 sockeye annually and which has a landed value 

in excess of one million dollars . 

The lake is comprised of two major areas . The 

North Arm contains about 12% of the total lake surface area , 

and the main lake contains the remainder . Spawners are 

distributed nearly equally between the Babine River spawning 

grounds , adjacent to the North Arm , and the streams tributary 

to the main lake . 

Studies conducted by the Fisheries Research Board 

of Canada have indicated that sockeye fry densities are 

consistently lower in the main basin than in North Arm, 

despite similar densities of planktonic organisms. Basic 

productivity , as measured by the carbon- 14 in situ method , 

is at least as high, on ' a per unit area basis , in the main 

basin as in the North Arm (Narver , 1967) . This evidence 

suggests that the lower sockeye density in the main basin is 

due not to a limited food supply but to limited fry 

production by its tributary streams . In short , the streams 

tributary to the main basin are considered incapable, in 

their natural state, of producing enough sockeye fry to 

fully utilize the lake's potential as a nursery area . 
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Realizing the development possibility of such a 

situation, the Resource Development Branch of the Department 

of Fisheries of Canada embarked, in 1965, on a major program 

of artificial spawning channel construction coupled with 

flow control to increase fry production in spawning streams 

tributary to the main basin. The streams selected were 

Fulton River and Pinkut Creek. This report deals with the 

progress which has been made in the construction and 

evaluation of the Babine Lake Sockeye Salmon Development 

Program up to March 31, 1968. 

II. SUMMARY OF ENGINEERING PROGRAM 

A. Introduction 

Following approval of the basic development project 

early in 1965, detailed engineering studies were initiated · 

and the first spawning channel was completed at 

Fulton River in October, 1965. Design work on the overall 

project has continued, and definite plans for the storage 

dams, control works , water conduits, and spawning channels 

have been formulated. The design work has now been 

completed, with the exception of the second spawning 

channel at Fulton River. 

The estimated cost for the complete program, based 

on construction costs at May, 1967, is 7.8 million dollars . 

This represents an increase of·2.5 million dollars to the 

original estimate prepared in 1964. This increase is 

attributable to: (1) the significant increase in 



Fulton River falls and valve house 
under construction at the outlet of 
the regulatory tunnel 
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construction costs which have occurred since 1964; (2) the 

higher than anticip~ted construction costs in the Babine 

area itself; and (3) the design of more complex and 

therefore more expensive structures than had been 

envisaged on the basis of preliminary data . The estimated 

benefit cost ratio based on the increased construction 

costs for the total program ·exceeds 3:1 . 

B. Description of Facilities 

1 . Fulton River 

(a) Project No . 1 - Spawning Channel No . 1 

Spawning Channel No. 1 , the first · of the 

development projects, was completed in October, 

1965 at a total cost of $500 thousando 

The channel (Figure 2 and cover) is 4,900 feet 

long including pools and has a bottom width of 

30 feet and a gradient of 9 feet in 10 , 000 feet . 

At a discharge of 75 cfs the depth of water in the 

channel is 1.3 feet and the average velocity 1 . 8 

feet per second. The channel has an estimated 

capacity for 24,000 adult sockeye in 15,000 square 

yards of spawning gravel. 

(b) Project Nos . 3 and 4 - Tunnels and Regulating Works 

The regulating works are shown schematically 

in Figure 2. Provision has been made in the height 

of the gate structure for an increased reservoir 

elevation if additional flow control is required in 

the future. 
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The gate system has been so arranged that 

water may be drawn from several different depths 

in the reservoir to obtain the required 

temperatures. If the water in the Fulton Lake 

outlet basin is not sufficiently cool, a pipe will 

be placed in the intake channel and extended out 

to a deeper area of the lake. Provisions have 

been made in the regulating structure to 

accommodate a low level intake gate (see Figure 2) . 

Regulated flows to Fulton River will range 

from 100 cfs during the spawning and incubation 

period to 3500 cfs during spring freshets . 

Outflows will be passed through a concrete lined 

tunnel and regulated by two 84 inch and one 30 

inch diameter hollow cone valves. 

Flows to spawning channel no. 2 will range 

from 150 cfs during the spawning period to 100 cfs 

during the incubation period. Water will be 

conveyed through a 7.5 foot modified horseshoe

' shaped tunnel 3,850 feet in length . 

Project No. 3, which included rock excavation 

for the tunnels and the regulating and control 

structures, was completed in 1966 at a cost of 

$585,000. Although original studies had suggested 

that the supply tunnels would not require lining, 

a detailed study of rock conditions after 

excavation resulted in plans to line them with 

concrete. 
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Project No. 4, which included construction of 

the regulating works and lining of the tunnels, 

began in July 1967 and is scheduled for completion 

in May 1968 at a cost of $945 ,00 0 . The cost of the 

supply tunnel lining represents approximately 25% 

of this total cost. In addition, seven supply 

contracts for equipment and metalwork were awarded 

at ·a total cost of $300,000. 

(c) Project Nos. 9 and 16 - Spawning Channel No . 2 

Spawning Channel No. 2 will be 17 ,00 0 feet 

long, with a bottom width of 50 feet and a gradient 

of 20 feet in 10,000 feet. At a discharge of 150 

cfs the depth of water in the channel will be 1.25 

feet and the average velocity 2.2 feet per second. 

The channel will accommodate an estimated 151,000 

adult sockeye and will produce 78 million fry at 

an egg-to-fry survival rate of 40%. 

The channel will be constructed in two stages . 

The first stage is scheduled for completion in 

August 1969 and the ·second stage in 1970. The 

estimated cost is 1.8 million dollars. 

(d) Project No. 15 - Pipeline 

A 6,000 foot long pipeline is required to 

carry water from the supply tunnel to spawning 

channel no. 2. The project will commence in 1968 

and be completed in 1969 at an estimated total 

cost of $525,000. 
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(e) Project No . 11 - Fulton Storage Dam 

The storage dam at the outlet of Fulton Lake 

will be a concrete gravity structure having a 

spillway crest approximately 25 feet above the low 

water level of the lake . It will impound 76,000 

acre feet of water. Two outlet gates will be 

placed in the dam and will have a minimum capacity 

of 100 cfs. These gates will permit water to be 

drawn from the surface of the reservoir and 

released into the Fulton River during the spawning 

period. 

Construction of the dam is scheduled to 

commence in August 1968 and to be completed by 

April 1969 , in time to store water from the spring 

runoff. The estimated cost of the project is 

$600,000. 

(f) Project Nos . 6, 7, 8, 12, 13 and 14 - Reservoir 
Clearing 

A comprehensive field investigation was carried 

out in 1967 and a program for reservoir clearing was 

formulated to allow storage of water by the spring 

of 1969 . Five major contracts will be awarded in 

1968 for logging and slashing. The resultant slash 

will be piled and burned. Log booms will be 

constructed and positioned in Fulton Lake to collect 

all floatage. In 1969 , all floatage will be 

collected, sorted and burned. The lake and shore-

line will be swept and cleaned in 1970. The 
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estimated total cost for the reservoir clearing is 

$750,000. 

2 . Pinkut Creek 

(a) Project No . 2 - Taltapin Lake Control Works 

A damanq outlet control works was constructed 

at Taltapin Lake in 1966 at a cost of $200,000 . It 

has 6 1/2 feet of live storage with a reservoir 

capacity of 32,000 acre feet and will provide a 

minimum discharge from Taltapin Lake of 75 cfs 

during the spawning and incubation periods . The 

length of the spillway in the dam was designed to 

maintain the normal spring runoff within the present 

maximum lake levels. This feature was added after 

consultation with the B. C. Forest Service and 

Department of Recreation and Conservation, and will 

ensure minimum effects on the lakeshore area. 

In order to realize the total storage of 6 1/2 

feet it will be necessary to dredge the area 

immediately below the outlet of Taltapin Lake. 

This work is scheduled for 1968, at a cost of 

$50,000 . 

{b) Project No . 5 - Pinkut Creek Spawning Channel 

Water will be diverted from Pinkut Creek to 

the proposed spawning channel by a small diversion 

dam in the canyon area, near the upper limits of 

the present spawning grounds. A 750 foot long 

tunnel will convey water to the channel . 



The Fulton River Regulatory Works showing the valve 
house and two - 84 inch discharge regulators 



- 10 -

The spawning channel will be completed in two 

stages . The first stage, to be completed in 1968, 

will have an overall length of 10 , 300 feet, a 

bottom width of 40 feet and a gradient of 9 feet 

in 10 , 000 feet . At a discharge of 75 cfs , the 

depth of water in the channel will be approximately 

1.25 feet and the average velocity 1 . 8 feet per 

second . The channel will provide spawning area 

for 67 , 000 adult sockeye and produce 34 million 

fry at an estimated egg- to - fry survival rate of 

40% . The second stage will be of equal size but 

will be deferred until utilization of the first 

stage has been achieved . 

c. Construction Program Time- Table and Yearly Expenditures 

The present construction schedule is outlined in 

Table I . Numerous changes were made in the original 

schedule as funds became available and as requirements 

and designs were modified and finalized . 

The present Babine Lake Development Program will 

cost 7 . 8 million dol l ars , a sizeable increase over the 

original estimate of 5 . 28 million approved in principle 

by Treasury Board in 1965 . Yearly expenditures are 

detailed in Table II . 

D. Other Studies 

1 . Hydrometeorological Program 

The Babine Lake hydrometeorological program 

co- ordinates the collection and treatment of all 



LOCATION 1965-66 

TABLE I. BABINE LAKE DEVELOPMENT PROGRAM 
CONSTRUCTION SCHEDULE 

1966-67 1967-68 1968-69 

FULTON RIVER - Project No. 1 - Project No. 3 - Project No. 4 
Regulating 
Works, 
Diversion & 
Water Supply 
Tunnel Linings 

- Projects 6, 7, 8, 
12. 13 

PINKUT CREEK 

Spawning Channel Diversion & 
No. 1 Water Supply 

Tunnels 
(Completed 
Oct. 15/65) 

Bridge across 
Spawning Channel 
at Highway - Relocation of 

$500,000 

- Project No. 2 
Taltapin Lake 
Control Works 

- Access Road to 
Spawning Channel 
Site 

$1,100,00 

Strimbold Mill 

- Spawning Channel 
Stage 1 

- Completion of 
Access Road 
Surfacing 

$1,400,000 

Reservoir Clearing 

- Project No. 9 
Spawning Channel 
No. 2, Stage 1 

- Project No. 11 
Fulton Lake 
Storage Dam 

- Project No. 15 
Pipeline to 
Spawning Channel 

- Project No. 5 

Completion of 
Spawning Channel 
Stage 1 

- Project No. 10 
Excavation down
stream of 
Taltapin Lake 
Control Works 

$2,355,000 

1969-70 

- Project No. 14 
Reservoir 
Clearing 

- Project No. 9 

Completion of 
Spawning Channel 
No. 2, Stage 1 

- Project No. 11 
Completion of 
Fulton Lake 
Storage Dam 

- Project No. 15 
Completion of 
Pipeline 

$1,600,0QO 

1970-71 

- Project No. 16 

Spawning Channel 
No. 2, Stage 2 

- Project No. 18 
Reservoir 
Clearing 

$810,000 

f-' 
f-' 
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TABLE II. BABINE LAKE DEVELOPMENT PROGRAM -
REVISED COST ESTIMATES 

I. FULTON RIVER 

1. Spawning Channel No. 1 
Completed in 1965 

2. Dam, Reservoir Clearing, 
and Mill Relocation 

3. Diversion Tunnel and 
Control Works 

4. Spawning Channel No. 2 
Including Water Supply 
Tunnel and Pipeline 

MISCELLANEOUS 

II. PINKUT CREEK 

5. Storage Dam and Channel 
Dredging 

6. Access Roads 

7. Spawning Channel 

TOTALS 

Estimated Cost 
19.64. 

$ 425,000 

950,000 

200,000 

2,200,000 

200,000 

80,000 

.1, 22.5. , 000 

$5,280 ,000 

Actual or 
Estimated Cost 

1.967 

$ 500,000 

1,500,000 

1,100,000 

3,200,000 

350 , 000 

250 ,000 

100,000 

.800 ' 000 

$7,800,000 

7 ·3 L/ 7 . Md 1;
-v-./ 'Y /q~ 9 

II 
3f2-0 {~ 

~~)'--
~_./- -r-- ~ - -- ,, 
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hydrologic and meteorological data in the area to 

provide basic information for the design and operation 

of spawning channels and the regulation of reservoirs. 

Of the several studies being undertaken, the 

most important is attempting to determine the effects 

of climatological factors, especially solar radiation, 

on spawning channels in late August and September. It 

is possible that warming during the day will produce 

adverse water temperatures in long spawning channels 

unless proper protection is designed for them. 

Fulton River spawning channel no. 1 is being used as a 

test channel and the results will be applied to the 

new channels. 

Other work is presently being undertaken with 

respect to: (1) Fulton Lake reservoir water supply 

temperature control; (2) Fulton River watershed spring 

runoff forecasting; (3) stream runoff records at Fulton 

and Morrison Rivers and Pinkut Creek; and (4) basic 

climatological data collection . 

2 . Morrison River 

Preliminary field surveys have been conducted 

at Morrison River by the Department of Fisheries of 

Canada. Examination of the topography and water 

surface profiles suggests that an initial spawning 

channel development in the upper river area would 

provide 30,000 square yards of gravel and accommodate 
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43,600 adult sockeye. The channel could eventually be 

extended to the lower river area to provide an 

additional 49,000 square yards of spawning area. 

III. SUMMARY OF BIOLOGICAL PROGRAM 

A. Introduction 

The present biological program is proceeding upon 

the following premises: (1) that the main basin of 

Babine Lake is presently underutilized and can support 

more sockeye fry if these were to be produced; (2) that 

these large numbers of additional sockeye fry can be 

produced in artificial spawning channels and in natural 

channels with regulated flow; and (3) that the fry so 

produced are entirely comparable to naturally produced fry 

in their ability to survive to the adult stage. 

There is considerable evidence supporting the above 

premises, reviewed in the report "Proposed Sockeye 

Development Program for Babine Lake". It is one of the 

objectives of the evaluation program, however, to 

continually assess the validity of these assumptions. 

This type of evaluation program is the only rational and 

objective basis for the improvement of enhancement 

techniques and ultimately for obtaining the maximum 

utilization of the potential of Babine Lake . 
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B. Comparison of Fry Production from Natural and Artificial 
Spawning Grounds 

1. Fulton River 

(a) Natural Spawning Grounds 

The data collected at Fulton River is 

summarized in Table III. Actual counts of adult 

spawners have been made since 1962, prior to which 

the tag and recovery method was utilized. The 

adults were sampled for sex and age composition , 

fecundity, and retention. Fry production was 

measured with vertical samplers until converging 

throat traps, mounted on a fence, were used to 

assess the 1966 brood year (Walker et al , in press) . 

The latter method is the more accurate of the two 

and will be used in all future Fulton River down-

stream enumerations. 

The data indicated an inverse correlation 

between actual deposition and percent survival, 

although this has not been shown to be statistically 

significant. If a correlation does exist it is 

probably the result of superimposition. 

It is important to note one serious limitation 

of the data. There has undoubtedly been considerable 

error in enumeration, particularly during periods 

of high water. During the 1966 program, for 

example, debris carried downstream by the high 

spring runoff prevented continuous operation of the 



TABLE III. SUMMARY OF FULTON RIVER EVALUATION PROGRAMS, 1961 TO 1967 

Brood Year 

196.l ... 19.6.2 · 1963 . 19.64 .1965 19.66 1 1967 1 

Migration Pattern 
5% of Run - Aug. 23 Aug. 22 Aug. 25 Aug. 27 Aug. 15 Aug. 27 

50% of Run - Sept. 6 Sept. 7 Sept. 6 Sept. 7 Sept. 7 Sept. 10 
95% of Run - Sept. 21 Sept. 19 Sept. 23 Sept. 20 Sept. 19 Se~t. 21 

Number of Spawners 189,000 86,ooo 154,000 120.,.000 139,000 62;000 11 t 000 
Sex Composition 

% Females 45.2 52.0 35.2 52.0 52.3 38.1 47.5 
%·Males 44.6 48~0 29.2 Jt5.3 36.4 27 .o 49.3 
% Jacks 10.2 35.6 2.7 11.3 34.9 3.2 

Numb~r of Females 85,428 44,720 54,208 62,400 72,763 21,-071 56,284 
No. Eggs/Female t,887 31272 3,013 3,103 2,910 3,204 3,099 
Potential Deposition (millions) 246.8 146.3 163.3 193.6 211. 7 73.9 174.4 
% Retention 3.7 6.7 9.4 3.3 14.1 1.2 I.6 
Apparen~ Dep¢'.e·1tfo~ ,(ad,l.liorts) 237. 7 136.5 148.o 187.0 189.0 73.0 171.6 

Fry Production (ini llions·) 26.5 41. 7 46.5 24 • .5 - 21 .. 7 . 
% Survival 11.0 30.5 31.4 12.5 - 29 .·'J. ·-
Fry Weight (grams) - .19 .19 .18 .15 .16 
Fry Length (millimeters) - 31. 3 30.3 28.2 29.5 29.4 
Fry Migration 

April 28 Start May 1 April 25 April 30 April 30 May 1 
Peak May 28 . May 23 June 4 - June 6 June 2 
End June 21 June 12 June 17 - June 16 June 15 

1The 1966 and 1967 figures exclude those sockeye which utilized the spawning chaimel (see Table IV). 
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sampling gear , and the peak of the fry migration 

was not measured (note absence of 1965 fry figures 

in Table III) . The new fence and trapping 

facilities have eliminated this problem and more 

accurate population estimates will be obtained in 

future years. 

(b) Fulton Spawning Channel No. 1 

The operation to date of Fulton spawning 

channel no . 1 is summarized in Table IV . 

The channel was completed in 1965 , but too 

late for the entry of the natural spawning 

population of sockeye . Therefore, 1 . 2 million 

sockeye eggs were collected from Fulton River 

spawners , fertilized , incubated to the eyed egg 

sta ge , and placed in the channel by the end of 

November . An 85% survival was obtained from this 

egg plant . 

Adult sockeye were allowed to enter the 

spawning channel in 1966 (28 , 000) and 1967 (22 , 471) . 

The 1966 spawning produced 25 . 5 million f r y , 

representing a survival of 69% . Survival of the 

1967 brood year is indicated by winter sampling to 

be about 65% up to the end of March. 

A winter program is presently being carried 

out in the spawning channel in an attempt to 

determine the timing and causes of sub- gravel 



The combination adult and fry enumerati~n weir at Fulten River. 
The downstream migrant traps are shown raised out of the water. 
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TABLE IV. SUMMARY OF FULTON SPAWNING CHANNEL 
EVALUATION PROGRAMS, 1965 TO 1967 

Number of Spawners 
% Females 
Number of Females 
Eggs/Female 
Potential Deposition (millions) 
% Retention 
Apparent Deposition (millions) 

Number of Fry (millions) 
% Survival 

Fry Weight (grams) 
Fry Length (millimeters) 

.1 1965 

1.20 

I 1. 02 
85.0 

.15 
28.8 

Brood Year 

.1966 

28,000 
41.6 

11,600 
3,204 

37.17 
1. 09 

36.76 

25.5 
69.4 

.15 
29.3 

.. 1967 

22,471 .28")~ 
47.5 

10,696 
3,099 

33 .15 51·0 
0.99 

32.75 

I 
/ b..o. j .;it.f. 7 
tf , 0 '-/ Jf· 7 

t 
__ ,__ 
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mortality. An attempt is being made to correlate 

egg and alevin mortality with such environmental 

factors as sub-gravel velocity, stream discharge, 

water temperature, sub-gravel dissolved oxygen 

levels, siltation, and ice cover. 

Results to date indicate that the heaviest 

mortality occurs at the time of spawning (cf. 69 

and 65% survivals from spawning and 85% survival 

from planting) while a small additional mortality 

(approximately 5%) occurs within the first two 

months of incubation but cannot as yet be ascribed 

to any one environmental factor. 

2. Pinku:t ·creek (15 Mile Creek) 

Biological data has been collected at 

Pinkut Creek since 1963 and is summarized in Table V. 

The 1963 population was estimated by the Conservation 

and Protection Branch but subsequent population figures 

are tower counts made by the Resource Development 

Branch. 

All fry population estimates for Pinkut Creek 

were obtained by hydraulic sampling, and are subject to 

all the limitations of this method. Downstream fry 

enwneration programs were attempted in 1966 and 1967 to 

provide a check on the hydraulic sampling results. 

Unfortunately the downstream sampling was ineffective 

due to a combination of high river discharges, debris 

and rising lake levels. 



TABLE V. SUMMARY OF PINKUT CREEK EVALUATION PROGRAMS, 1963 TO 1967 

Brood Year 

1963 l964 1965 1966 1967 /<{(,,.~ 

Number of Spawners 65,000 ~ 34,000 28,428 33,413 10133* 
Migration Pattern 

5% of Run - Aug. 25 Aug. 26 Aug . 28 Aug. 25 
50% of Run - Sept. 9 Sept. · 4 Sept . 8 Sept. 9 !'\.) 

95% of Run - Sept. 24 Sept . 18 Sept . 18 Sept. 18 0 

Sex Composition 
% Females 39.0 56 . o 53.0 30.0 42.0 
% Males 61 .0 43 . 0 17.0 45 . 5 53 . 0 
% Jacks 1.0 30.0 24 . 5 5 . 0 

Number of Females 20 , 500 76,000 18 , 000 8, 528 14,033 
Eggs/Female 2, 930 2,5 50 3,070 2, 940 3,162 
Potential Deposition (Millions ) 60.0 228.0 55 . 0 27 . 0 44.4 17·8 
% Retention 4.o 1 . 0 7 . 0 Oc4 7 . 1 
Actual Deposition (Millions ) 57 . 6 226.0 51 . 2 26 . 9 41 . 2 

Fry Production (Millions) 11 . 0 4. 5 6. 9 3 . 7 ... 2.0 /.'6~3 
% Survival 19.0 2. 0 13 . 5 12 . 5 ~ 9,g 

5 p6Wnb-'1 c.bt\e-l S~h~S· 
l'-1- 50\ 

e.~~ "~· 
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There has been no consistent correlation 

between number of females and egg- to- fry survival, and 

therefore no evidenc e for mortality due to redd 

superimposition . This conclusion must be a tentative 

one , however, because of the limitations of the data . 

When the Pinkut Creek spawning channel is 

completed a full winter program, similar to that at 

Fulton River , will be carried out . 

C. Comparison of Fry Produced Naturally with those Produced 
using Fish Cultural Aids 

1 . Studies of Behaviour , Physiology , and Performance 

(a) Fry Migration Timing 

Truly comparable data is available only for 

brood year 1966 (Figure 3) when the river fry 

migrated considerably earlier than those from the 

channel . Since . the river fry were less well 

developed (i . e . had more yolk) and migrated to a 

greater extent in the daytime, it is likely that 

they were being "scoured" from the river gravel by 

high water velocities . Egg deposition occurred at 

approximately the same time in both the river and 

the channel . 

The timing of the river fry migration has 

varied little since 1962 (Table III) . The 

variation which has occurred is probably related to 

river discharge and water temperatures. 
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(b) Fry Quality Studies 

It is imperative to determine whether or not 

the fry produced in spawning channels are of a 

quality comparable to that of naturally produced 

fry. The development program will be most successful 

· if the channel fry are able to survive as well as the 

river fry when placed in the natural environment. 

A study was carried out in 1967 to compare the 

quality of river and channel fry using various 

indices of quality. 

(i) Length, weight and development st~ge 

Fifty fry were randomly sele~ted from 

each population. These were measured to the 

nearest millimeter, weighed to the nearest 

milligram and graded for development stage. 

Development stage gradation consisted of 

classifying each fish as one of five stages, 

ranging from alevin to buttoned-up fry, based 

on the amount of yolk sac visible externally. 

The results showed that the river fry 

were significantly heavier (160 mg . compared 

to 147 mg.), insignificantly longer (29.4 mm. 

compared to 29.3 mm.), and less well developed. 

(ii) Swimming performance 

Samples of 35 fry from each population 

(selected for development stage) were fin

clipped for later identification and placed 
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in an experimental flume for a 12 hour 

conditioning period at water velocities of 

approximately 0.1 ft/sec. The test 

procedure consisted of recording the order 

of dropout (ODO) as the water velocity in the 

flume was gradually increased. 

A percentage difference between the means 

of the ranked ODO's was calculated (Barns, 

1967) and the Mann-Whitney U-test was 

employed to determine the statistical 

probability of obtaining such a percent 

difference. 

Pooled results from 57 tests (random and 

non-random samples) revealed that 47% of the 

tests statistically favoured river fry (only 

14% favoured channel fry). 

(iii) Starvation resistance 

Non-random samples of each population 

(i.e. selected for a common development 

stage, usually buttoned up fry) were p laced 

in separated portions of an aquarium wit h a 

filtered recirculating water supply. 

Periodic subsamples were made to determine 

the rate of weight loss and the tests were 

continued until most of the fish had died of 

starvation (usually about 20 days). In 

general, the river fish survived significantly 

longer but appeared to lose weight at a 



A view of the interior of the 

Department of Fisheries fry quality 

laboratory at Fulton River. 
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slightly faster rate. 

(iv) Vulnerability to predation 

A number of wild coho salmon smolts and 

rainbow trout were captured and held in 20 

gallon aquaria. These predators were 

conditioned to their aquaria and periodically 

fed sockeye fry until they demonstrated an 

active ability to pursue and capture all 

available fry within a 12 hour period . 

Random and selected samples, varying 

from 50 to 100 fry per population, were 

differentially fin-clippe d and released into 

the predator aquaria. - The test was 

terminated when the predator had consumed 

approximately 50 percent of the prey. The 

survivors were then removed and identified 

to source. A chi-square analysis was then 

carried out to determine whether any 

differential mortality had occurred. The 

tests were replicated using single predators 

and groupd predators. A control, using an 

equivalent number of marked fish, provided 

a check on natural mortality . 

A pooled chi-square from 24 tests 

demonstrated that there was no significant 

difference between the two fry populations. 

Only three tests showed any significant 
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difference in vulnerability to predation and 

all of these favoured river fry. 

· (v) Biochemical composition 

Fifty fish from each population sample 

were selected for a common development stage 

(usually buttoned-up fry). They were 

measured to nearest millimeter and weighed to 

the nearest milligram before being sent to 

the Vancouver !echnological Station of the 

Fisheries Research Board of Canada. 

Total nitrogen was determined by the 

micro-Kjeldahl procedure, total solids by 

0 drying the fish to constant weight at 1 05 c, 

and total lipid by the method of ·Folch, Lees 

and Stanley (1957). Observation of the 

graphs of log weight on log length, log 

lipid on log weight, solids on weight, and 

nitrogen on weight, reveal no differences 

between channel and river fry. Statistical 

analysis is continuing. 

In conclusion the preliminary results 

indicate that the river fry were superior to channel 

fry in terms of weight, stamina and resistance to 

starvation. The length, biochemical composition 

and predator avoidance ability of the two fry 

populations were not shown to be significantly 

differen.t. It is of interest to note that despite 
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the apparent inferiority of the channel fry they 

appeared to survive as well in Babine Lake as did 

their counterparts from the river (see section 

III, C, 2). 

The fry quality program will be continued in 

1968 but some changes in technique are anticipated. 

Absolute measures of the quality indices (rather 

than relative as in 1967) will be obtained, so that 

differences in fry migration timing will not 

confound the effect of the incubation environment 

and make statistical analysis difficult. 

2. The Distribution, Growth, and Survival of Sockeye Fry 
Produced from the Fulton River and Artificial Spawning 

. "Cha·nneT Tri T96B . 

This study was designed to answer questions 

related to the evaluation of the Babine Lake sockeye 

development progra.m. These are: (1) how do fry 

produced from a spawning channel compare to those 

produced from natural spawning grounds in terms of lake 

distribution, growth and survival; and (2) what part of 

Babine Lake is used as a nursery area by Fulton River 

fry? 

Sockeye fry were captured during their 

downstream movementj from the Fulton River and the 

adjoining artificial spawning channel. The fry were 

~arked distinctively by removi~g the right pelvic fin 

from the river fish and the left pelvic fin from the 

channel fiah. Both groups were then released to enter 
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the lake. A total of 203,754 river fry and 299,363 

channel fry were marked and released between May 8 and 

June 23, 1966. Dates of 50% release of marked fish 

were June 6 for river fry and June 17 for channel fry. 

Recoveries of marked fish were made by 

examining pre-smolt sockeye caught by purse- seining in 

the main lake area throughout the summer and fall. In 

addition, marked smolts were recovered at the lake 

outlet the following spring. 

Dist~ibution in the Lake 

Figure 4 shows the location of mark recoveries 

for three periods in 1966, while Figure 5 shows the 

distribution of the total under-yearling population 

as indicated by catch-effort data. Fry from 

Fulton River dispersed rapidly and widely into the 

main lake area. Most moved southward initially and 

occupied areas in the southern half of the lake . 

Later (August-September) a northward shift in 

distribution was evident and by October young 

sockeye were most abundant in the lake area 

adjacent to the Fulton River. Channel fry did not 

appear to disperse as widely as river fry -

probably because lake entry of channel fry was, on 

the average, later. 

Gro·wth 

No dif.ference in the relative growth rates of 

channel and river fish could be detected by 
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Figure 5. Estimates of the relative density and abundance 
of marked and unmarked sockeye by lake area and 
fishing period. See Figure 4 for location of 
areas. 
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covariance analysis of mark recovery data obtained 

throughout the first 4-5 months of lake residence. 

However, channel fry were smaller, on the average, 

probably due to late lake entry and thus a reduced 

growing period. 

SU:rViVal 

Survival rates of channel and river fish were 

examined by comparing the mark ratio at the time of 

release as fry (1 river mark to 1.47 channel marks) 

to the ratios observed in fish caught in the lake 

in three subsequent sampling periods (June-October). 

Analysis, using chi-square (Table VI), did not 

reveal any significant departures from the expected 

ratio. 

Growth and Survival to the Seaward Migrant Stage 

During the course of the 1967 smolt run, 487 

marked river fish and 790 marked channel fish were 

recovered from 174,957 smolts examined. Preliminary 

analysis of the data indicates (1) that channel 

fish continued to be smaller than river fish (mean 

lengths of 76.9 and 78.9 mm. respectively) and (2) 

that differences in survival rate to the smolt 

stage were probably not statistically significant 

2 
(X = 2.55, p>0.10). 



TABLE VI. CHI-SQUARE TESTS OF DEPARTURES FROM EXPECTED RATIO 
OF RIVER AND CHANNEL RECOVERIES, 1966 

Marks Recovered Ratios 
. . . . . . . . . ...... . . . . . . .. 

Fishi.ng. Period .. River Channel .T.otal Expected . Observed ... Chi-.Square 

I. June 25-July 27 35 62 97 1 :1. 47 1 : 1 .77 0.69 

II. August 16-September 9 52 75 127 1:1 . 47 1:1.44 0.03 

III. October 6-25 23 28 51 1 :1.47 1:1.22 0.32 

w 
r\..l 



Employees of the Fisheries Research Board 

of Canada clipping pelvic fins of sockeye 

fry in the laboratory at Fulton River. 
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D. Primary Productivity of Babine Lake 

The rationale behind the Babine development program 

is that the main lake basin, on the average , rears only 

one- fifth as many sockeye as the North Arm - Nilkitkwa 

area while it is potentially as productive. In 1966, 

relative primary productivity of the various basins of 

Babine Lake was assess utilizing the c14 in situ met hod . 

It was found that primary productivity was slightly lower 

in the North Arm (outlet) and in Morrison Arm (an inlet) 

than in the main lake region (Narver, 1967) . An unusually 

high rate of photosynthesis at one part of the main lake 

in September may have been related to the decomposition of 

salmon carcasses in a nearby stream . 

Morrison Lake , a major tributary, was much lower in 

rate of photosynthesis , pH , alkalinity , compensation depth , 

and total dissolved solids than any part of Babine Lake . 

The rate of carbon fixation of Babine Lake was much less 

on a per unit area basis than those reported by other 

workers f or the majority of 24 sockeye salmon lakes 

similarly tested in Southwestern Alaska but was similar to 

most per unit volume of the euphoti.c layer . Much of this 

difference is attributable to a shallower euphotic zone in 

Babine Lake . Ranked with the 24 Alaskan lakes , Babine was 

first in alkalinity, third in TDS, and fifth in pH . 

The productivity measurements suggest that the 

carrying capacity for sockeye salmon per unit of nursery 

area of the main lake region is at least as great as that 

of the North Arm. 
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E. Other Studies 

1. Adult and Smolt Sockeye Enumerations 

Among the measurements needed for assessment 

of the Babine Lake development project are adult 

escapements to Babine Lake and the smolt runs resulting 

from them. The relationship between these two 

parameters will serve as one measure of the success of 

year classes and may be quite sensitive to changes in 

the balance between the rearing capacity of the lake 

basins and the numbers of young introduced into them. 

Ultimately, a measure of spawning escapement and 

resulting smolt . output from particular production uni t s 

or stocks is needed and some progress is being made in 

this regard. Since 1946 total adult escapement has 

been counted annually at the Babine fence and spawning 

populations have been counted or estimated in 

individual streams. Tagging programs in 1958, 1962 

and 1963 have demonstrated the approximate times of 

passage of adults of these particular stocks at the 

fence. 

Populations of sockeye smolts migrating out of 

Babine Lake have been assessed since 1951: the "late 

run" produced by spawners in the main lake basins, 

1951- 1957; the entire run - including North Arm -

Nilkitkwa production - after ~957. Assessment of 

reproductive success of individual stocks, however, 

will require better information than now exists on the 
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timing of their smolt migrations. At the present time 

it is only possible to assess production from two 

groupings of fish, those contributing to the early and 

to the late runs. 
. . 

Fin-clipped smolts of the Fulton River stock 

were recovered from the seaward migrations of 1967 and 

in 1968 and 1969 smolts from subsequent markings will 

be available. It is expected that the timing of this 

stock will become better known. Similar information 

for other stocks may be gained in the same way. 

Counts of adul t Babine sockeye passing through 

the fence and in the various streams for the years 

1946-1966 are shown in Table VII. The relationship 

between potential egg deposition (calculated from 

Table VII and fecundity counts) and smolts produced is 

shown in Figure 6 for three groupings: 

1. the entire system - assuming all females entering 

tne lake spawned; 

2. the North Arm - Nilkitkwa area; and 

3. the main lake area including Morrison Arm. 

The main lake and North Arm regions are 

calculated from a stream count base because differences 

in fence counts and summed stream counts cannot be 

safely attributed to a specific region. In each region 

there is a general trend but again a large variability 

in production per million eggs potential is apparent. 
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The 10 years of production data for the entire 

system suggests that some increase in smolts has 

usually accompanied increases in potential egg 

deposition , but they also reflect a great deal of 

variability in production at all levels . Brood years 

1958 and 1961 had similar egg depositions but there was 

a fourfold difference in smolt production; brood years 

1960 , 1961 and 1965 had potentials ranging from 400 to 

1600 million eggs but produced similar- sized smolt runs . 

Factors Governing Age at Mat urity 

Management of sockeye stocks is hampered by 

the difficulty of forecasting runs well in advance 

of commercial fishing seasons . Part of this problem is 

caused by the div erse and variable age at maturity of 

the species . 

Two lines of investigation are being followed 

at Babine . Fi r st , sampling of the individual 

production unit s is providing a basis for study of 

par ent - progeny a ge relationships . Figure 7 shows 

the age composition of these units for the years 

1962- 1966 . Second, studies at Four Mile Creek on 

Babine Lake have shown that mating is not random 

with respect to the age composition of the fish 

present (Hanson and Smith , 1967) . There are two 

factors which may limit the participation of 4- year

old males in the reproductive act . There is a 

strong tendency for sockeye of like size to mate , 
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i.e. 5-year-old males mate with 5-year-old females, 

and 4-year-old males mate with 4-year-old females . 

On occasion the 4-year-old males are displaced by 

the larger 5-year-old males and relegated to a 

"satellite" status, but the inverse is seldom true . 

These factors limit contribution of 4- year - old 

males to the population gene pool and could have a 

marked effect upon the ultimate ages of progeny if 

heritable factors are involved. 

The age composition of sockeye stocks in other 

Skeena tributary systems (Table VIII) has been 

assessed whenever possible as an additional step in 

the search for cause and effect relationships in 

age at maturity studies. 

S~olt Size and Post-Lacustrine Survival 

Efforts to obtain efficient utilization of 

lake nursery areas and the forecasting of adult 

returning population will be aided by an under-

standing of the relation between smolt size and 

ocean survival. Both the numbers and the age 

composition of returning sockeye may be adversely 

affected by increasing the young salmon population 

1 
beyond some optimum level. 

1 It has been estimated that the lake nursery area could support 
about 350 million more fry than can be produced from existing 
spawning grounds , but it will be necessary to learn what 
numbers of fry will produce smolts of a size and quality likely 
to provide the largest fishable return. 



TABLE VIII. 

Stock Year 

4tltkt Lakt 196• 
1966 
1967 

WUU••• Crttk 196' 
196!l 
1966 
1967 

lcully Crttk 1964 
196:1 
1966 
1967 

lwan-Stephtnt Ltkt 1963 
196' 
196:1 
1966 
1967 

Kitw1ng1 1.Ut 196, 
1967 

liter Ltkt 1963 
196' 
196:1 
1966 
1967 

K1l1111 L1k1 1964 
196' 
19'>6 
1967 

McDonntl Like 1964 
196!) 
1966 
1967 

Johan1on Ltke 1963 
1964 
196' 
1967 

Su1tut L•k• 1963 
196• 
l96:l 
1966 
1967 

41uklotl Cruk l96:l 
1967 

Sicintina Lek• 196' 
196~ 
1966 
1967 

Sltm91uh Ltke 196' 
196~ 
1966 
1967 

Ontrkt Ltkt l96:l 
1966 
1967 

41 htl ir Lek• 1963 
1964 
l96:l 
1966 
1967 

Nan11tt R!vtr 1963 
1964 
196!) 
1966 
1967 
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AGE COMPOSITION OF SKEENA STOCKS OUTSIDE 
BABINE, 1963-1967 

t.;t ~ rtT rt;t ri;t ~ 
, -

No, ,_..M 
S1111pltd '•' 

•7 91.!l 2.1 6.• 

• 100,0 

•7.6 !ll.!l 0,6 0,3 
29.8 70.2 
17.8 80.• 0,9 0,9 

19.0 so.a 0.2 
:12.0 48.0 
•6.8 :12.2 0,7 0.3 

6 100.0 
62 "·' 11.3 3.2 
17 ~.8 ,,9 29.4 ~.9 

1•3 :IQ, 3 37,8 9.1 2.8 

16 100.0 

18 77.8 22,2 
73 10.9 89.l 
:17 61.• 36.6 ., 13.3 86.7 

27 29.6 70.• 
:ll 68,6 27,, 3.9 
23 100.0 

22 '·' •:i., 13.6 36,4 
230 9.6 79,2 0,4 4,3 6.!l 
130 o.8 82.3 2.3 14.6 

3!1 31,4 6!l.7 2.9 
14 •2.9 28.6 21,4 
l:'J 20.0 so.a 

90 24,:l 44,4 l.l 16.7 13. 3 
78 1,3 8:l,9 11.:l l. 3 
6:l •.6 78,, 16.9 
,0 2.0 eo.o 2.0 6,0 10.0 

19 89.:l 10.:l 

2 :io.o ,0,0 
l• 21,4 78.6 
• 2,,0 7'.0 

' eo.o 20.0 
3:l 91.• ,,7 2.9 
7 22.2 77,8 

22 27.• .. , ,o.o 13.6 '·' 6 83.3 16.7 

. 41 2,4 4,8 88.0 4,8 
113 1.8 47.B 9,7 40,7 
88 2.3 28,4 28.4 39.B 

2.9 4,4 2.9 89.0 Q,4 

2•!l :io.o 50, 0 
6.7 93.3 

3,4 10.0 43.2 40,0 J , 4 
1.9 81,4 16.7 

...LJ 
{ 1 · ' 

7.l 

l . l 
0,4 



- 42 -

In 1966 and 1967 smolts in five separate size 

categories were marked by Bergman- Jefferts coded 

wire tags . Recoveries in the commercial fishery, 

at the Babine fence and on the spawning grounds will 

be used to measure marine survival rates . In 1966 , 

47 ,000 smolts were tagged and four tagged jacks 

were recovered in the escapement of 1967 . 

Survival of certain sizes of smolts may at 

times be influenced by parasitism . The tapeworm 

Eubothrium salvelini is associated primarily with 

smolts of small size (Dombroski, 1955; Margolis and 

Boyce, 1963) and was present in all daily samples 

in 1966 and 1967 (Figure 8) . Parasitized smolts 

succumb to routine handling more readily than 

unparasitized smolts and their scale patterns 

differ . The relation between this parasite and 

survival of sockeye is not yet known but is under 

study. 

2 . Factors Associated with Age at Matur ity of Skeena River 
Socke e 

Several correlated effects have led to a 

possible chain of events which may influence the age at 

maturity of Skeena River sockeye salmon . These are: 

1. in general the size of 1 . 3 females is larger than 

that of 1.2 females; 

2. a significant positive correlation exists between 

body size and egg size , hence eggs of 1 . 3 females 

are, on the average, larger than those of 1 . 2 females; 
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3 . results from reciprocal crosses of 1 . 2 and 1.3 

sockeye indicate that size of resulting alevins 

and their subsequent growth as juveniles is 

positively correlated with egg size, and that this 

is a maternal effect; 

4. within each of four brood years of Skeena River 

sockeye , fish maturing as l . 2's had a higher number 
\ 

of freshwater circuli than those which matured as 

l . 3 ' s; 

5 . number of freshwater circuli is directly correlated 

with smolt size . 

The evidence thus suggests that the size of 

the female parent may directly influence the age at 

which the progeny will mature . This further suggests 

that , where other influencing factors are equal, an 

altera tion of generation time can exist, e . g . that 1 . 3 

females will produce 1 . 2 females which will in turn 

produce 1 . 3 f emales . This hypothesis is now being 

tested. 

3 . A Review of the Literature on the Effects of Changes in 
Temperature Regime on Developing Sockeye Salmon Eggs 
and Alevins 

(a) Introduction 

At a meeting of the Babine Lake Sockeye 

Development Sub-Committee, February 21, 1 967 , 

concern over a possible 10-15°F rise in temperature 

under certain conditions between the inlet and 

outlet points of the Fulton spawning channel was 
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expressed . The biological consequences of 

temperature alteration in artificial spawning 

channels were not known to this group and a survey 

of literature was to be undertaken. 

This report specifically deals with the effects 

of alteration or variation of temperature from 

optimal conditions for larval development of 

sockeye salmon. It is beyond the scope of this 

review to speculate about changes in temperature 

regime which might be expected in a particular 

facility . Little of the available literature is 

specifically directed to the species in question 

hence it is necessary to apply generalities 

resulting from studies on a broad spectrum of 

species. Excellent reviews regarding the effects 

of temperature on development are already 

ava i lable : Hayes (1949) , Seymour (1956) , Rockwell 

(1956) and Kinne and Kinne (1962) . A large segment 

of the applicable literature has been reviewed for 

this report, but the survey was not exhaustive . It 

is believed, however, that the more essential 

aspects are covered, and that little would be 

ga ined from further searching . Because many 

physiological processes , such as rate of growth, 

are influenced by more than one environmental 

factor , many of which interact (e . g . o2 and 

temperature) , treatment of the effects of temperature 
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alone is not entirely satisfactory. For the 

immediate purposes of this report this 

simplification appears necessary. 

There are many aspects to a particular 

temperature regime, such as the mean value , maxima 

and minima, the order and frequency of fluctuations , 

the rate of change, the duration at a certain level , 

etc., which can directly affect an organism . Not 

only may any one aspect influence one or more 

biological processes or events, but biological 

effects may be accumulative or interdependent. In 

general, effects of a temperature change are many , 

and extremely varied. They can range from a simple , 

direct relationship, such as the accelerating 

influence of an increase of temperature (within a 

certain range) on the basic metabolic rate, to 

extremely complex and multi-order effects. For 

example, the final effect of a rise in temperature 

on the survival potential of a particular migrant 

fry may go through the following chain of events : 

(a) an increase in the numbers of aerobic organisms 

in part of the channel; (b) a subsequent reduction 

in o2-concentration; (c) mortality of part of the 

brood; (d) decomposition of these dead larvae by 

microorganisms; and (e) pollution of the environment 

in which this fry migrant developed . The final 

outcome may be death or lowered viability. 
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Clearly effects of this nature will be 

determined by local conditions and cannot be 

predicted in advance. However, they are of 

importance as they affect the environment and 

hence may limit the population. 

(b) Effec~s Du~ing Period B~fore Egg Deposition 

Pacific salmon spawn during the declining 

phase of the annual temperature cycle. At Babine , 

so c keye generally spawn at temperatures between 55° 

and 45°F. If the decline in temperature, after 

summer maximum , is delayed a similar delay may be 

expected in spawning (Sheridan, 1962) . Some 

immediate effects may be: (1) initiation of 

deve lopment of the embryos is delayed; (2) the 

sexual products become "overripe" and reduced egg 

surv ival results , particularly through loss of eggs 

( before fertilization) and reduced fertilization 

due to reduced viability of either eggs or sperm, 

or both . Extensive prespawning mortality in 

sockeye adults has been correlated with high water 

temperature (Royal, 1953) . From Brett's work 

(1952, 1967) on thermal resistance in sockeye 

salmon, the zone of thermal resistance is known; 

generally speaking, temperatures become lethal at 

0 0 around 25 C (= 77 F). However, temperatures 

between the optimum level at around 15°C (= 59°F) 

and the upper lethal level beQome increasingly 

I 
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stressing and the scope for further act ivity is 

reduced , as evidenced by a gradual decrease in 

swimming performance (Brett , 1967) . Further 

consequences of temperature levels above the 

physiological optimum can be expected , e . g . a 

reduced life span due to accelerated metabolism , 

and higher incidence of disease , particularly 

attack by Saprolegnia spp. 

(c) Effects During the Larval Stages 

Changes in sensi t ·i vi ty during development 

Not a l l larval stages are equally 

sensitive to similar amounts of stress . In 

relation to o2 and temperat~re the most 

sensitive periods are the period between early 

c leavages to the closing of the blastopore , 

and the period immediately prior to hatching 

(cf . Battle, 1944 ; Hayes and Armstrong , 1942 ; 

Hayes , 1949 ; Garside , 1959 ; Swift , 1965) . 

Apparently both heat and cold tolerance of 

developing fish larvae is limited at the early 

stages and gradually increases during 

development (e.g . Donaldson , 1955 , and Olson 

and Foster, 1956). 

I 

Rates of differentiation and growth (development) ' 
and me·ta·bo·11sm 

Developing sockeye salmon larvae depend 

entirely on their yolk supply as a source of 
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energy during the full period of larval 

development. This supply must satisfy all 

physiological needs, i.e. various additive 

demands must share t .he available reserve . 

During normal development a rather precise 

balance is struck between the competing 

demands for activity, metabolism, and growth . 

A fully developed fry is formed at a time, 

stage of development, and size , optimally 

adapted to the average conditions experienced 

by the stock during succeeding stages . If, 

due to unusual circumstances during development, 

the de~and of any on~ of the competing functions 

increases, one or both of the others must suffer 

if the supply rate remains constant, or, 

alternatively, the developing larva will use 

up its supply before development is compfete . 

The effect of temperature alone on the 

larval rate of development is an important 

consideration. In general a rise in temperature \ 

increases the rate of development , thus 

decreasing the developmental time period. 

Developmental rate is expressed as the 

reciprocal of developmental time . The 

relationship between this rate and a variety 

of constant tempera~ures is nearly linear over 

most of the normal developmental range, and 
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such an interpretation forms the basis for the 

commonly used constant "Day-Degree" rule used 

by most invest igators (Hayes, 1949; Seymour, 

1956; Rockwell, 1956). These authors have 

extrapolated the linear approximation to 

obtain an estimate of the temperature at which 

developmental rate is zero. Over extended 

temperature ranges, however, the relationship 

is definitely curvilinear, and such 

extrapolations are in error . 

Experimental evidence for developmental 

rates at temperatures below 2.5°c is scarce. 

Embody's (1934) work on Salvelinus fontinalis 

and Salmo t~utta, however, clearly demonstrates 

a gradual slowing in deceleration of the 

growth rate with decreasing temperature at 

these low levels. 

Garside's data for lake trout (Garside, 

1959) have been selected to illustrate the 

changes in rate of development at lower 

temperatures. Garside ignored the non

linearity of his data, and indicated a 

development rate (100/(days from fertilization 

to hatching)) at O C of between 0 . 2 and 0 . 3 , 

corresponding to a time period of some 380 

days. From his data a decelerating rate of 

13 days per 2.5 C decrease is estimated and, 
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extrapolating, the rate of development would 

be 0.503 at 0 C, corresponding to a period of 

198 days. Table IX expresses .expected 

increases in rate of development, starting 

with 0 C for increments of 2.5 C. 

With this table the advance in days 

caused by a given temperature rise over a 

given number of days can be accurately 

determined . For example: with the river at 

0 C and the channel at 2 . 5 C during a 20-day 

period, development in the channel is advanced 

by 41%, equivalent to 8 . 2 days . These 8 . 2 

days , however, are based on a developmental 

rate of 0 .503 . In the spring when emergence 

occurs, the temperature is about 5 C, and at 

this temperature the developmental rate is 

about 1.031. Thus the early gain of 

approximately 8 . 2 days can be made up in about 

four days (8. 2(503 / 1031)) by the river fry at 

the higher temperature. Emergence of the two 

groups of fry may occur at the same time 

because of factors other than temperature , 

e . g . daylight, length and silt, however the 

relative stages of development of the two 

groups will have been altered . The 

developmental rates for many salmon species 

are quite similar and the lake trout data 



TABLE IX. EXPECTED RELATIONSHIP BETWEEN DEVELOPMENT RATE , 
FERTILIZATION TO HATCHING , AND TEMPERATURE 

Rate Change Over Temperature Interval 

Temp@rature Rate ~ 6 Rat.e and Percent Increase -
( C) Days (100/da) 

From .0 •. o .to 2 . 5 .to .5 . O to 7 • .5 t .o 

6 % 6 % 6 % 6. .. % 

o . o 198 . 503 

2 . 5 141 .709 . 206 41.0 

5 . 0 97 1.031 .528 105 . 322 45 . 5 

7. 5 67 1 . 493 . 990 197 . 784 111 . 462 44 . 8 

10 .• 0 50 2 . 000 1.497 298 1.291 182 . 969 94 . 0 . 507- 34 . o 

Note : The maximum relative increase in rate occurs around 5C . 

\:'lil 
l"'1 

I 
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compare favourably with those available for 

sockeye at higher temperatures (Rucker, 1937) . 

Table X gives the estimated development 

rates between 0 and 10 C in 0 . 5° intervals . 

From it rate changes can be calculated for 

any tempera ture interval according to the 

method shown in Table IX . 

TABLE X. DEVELOPMENT .RATES AT DIFFERENT TEMPERATURES 

Temperature 
oc 

o . o 

0 . 5 

1 . 0 

1 . 5 

2 . 0 

2 . 5 

3 . 0 

3 . 5 

4 . o 

4 . 5 

. 5 . 0 

Rate Temperature 

(100/days) 0 c 

. 503 5 . 5 

. 534 6 . o 

. 57 0 6 . 5 

. 611 7 . 0 

. 657 7 . 5 

. 709 8 . o 

. 765 8 . 5 

. 825 9 . 0 

. 889 9 . 5 

. 958 10 . 0 

1 . 031 

Rate 

(100/days) 

1.111 

1 . 198 

1 . 293 

1 . 392 

1 . 493 

1 . 594 

1. 695 

1 . 796 

1 . 898 

2 . 000 

Note: For rate values located between values 
listed use linear interpolation. 

Admittedly these calculations are 

somewhat more involved than the Degree-Day 

method , but the greatly increased accuracy , 
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particularly at the low end of the temperature 

range, dictates its use. 

From the rates shown it is evident that 

even limited changes in temperature regime 

have a significant effect on the developmental 

rate. Hence, a consistently higher daily 

average temperature will result in earlier 

completion of development. Such a condition 

may lead to two alternatives: (1) early 

emergence and migration at a time that will 

not provide optimum conditions for further 

growth and development; or (2) remaining in 

the gravel with further depletion of critically 

low energy reserves, leading to poor condition 

at time of emergenc~ . Both alternatives are 

considered undesirable: "premature emergence 

in good condition" because the lake 

environment (e.g. temperature and/or food) is 

not yet favourable, and "suboptimal condition 

at the right time" because such fry have been 

shown to exhibit a reduced survival potential 

(Barns, 1967). 

In addition to alteration of the 

developmental period, changes in temperature 

affect differentiation and growth in other 
() 

aspects . A decrease in potential size of frv = :::r==::: I 
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at the end of the incubation period from 

increased temperature is well documented (cf . 

Gray, 1928; Donaldson, 1955; Seymour, 1956). 
"'-- -- ----
Gray attributes the reduction in size to 

differences in rates of reaction as these 

pertain to ·growth and maintenance: . relatively 

more energy is required for the increased rate 

of maintenance metabolism, hence less yolk is 

available for growth . Sockeye fry of a 

reduced size are .known to have a decreased 

viability as shown by Brett (1952) for low 

temperature tolerance, nd by Barns (1967) for 

swimming performance and vulnerabilit to 

predatio_n_. It is now thought likely that such 

changes will lead to an alteration of life 

history and time of maturity . 

Related effects are changes in morphological 

characteristics of the developing larvae . 

There are a number of critical stages during 

development when different levels of o2 and/or 

temperature can affect the extent of various 

differentiation processes . Particularly the 

work of Hayes (cf . Hayes , 1949; Hayes et al ., 

195~) has shown that various differentiation 

processes have different temperature coefficients 

so that interacting processes affect each 

other differently at different temperatures . 
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Much evidence is on hand regarding the effect 

of temperature level on the number of 

vertebrae, fin rays, morphometric relationships, 

etc. (cf., Alderdice ·et al., 1958; Garside, 

1959; Kinne, 1963). Seymour (1956) indicates, 

for chinook fry, changes in vertebrae counts, 

dorsal fin rays, and anal fin rays. Related 

to these effects are the influence of 

temperature on the number of abnormal (deformed) 

fry and on hatching efficiency. From the 

limited body of information reviewed it can be 

concluded that changes will occur with changes 

in temperature level. Optimum values are 

indicated and temperature changes precipitate 

modifications of these characteristics in 

either direction. 

Effects of substantial decreases in 

temperature are presumed to be limited to 

events that can occur during a matter of hours 

only. Direct lethal effects are perhaps 

unlikely. Brett (1952) and Brett and 

Alderdice (1958) investigated the lower lethal 

temperature limits of young chum and sockeye 

salmon. Their results indicate that exposure 

to O C is within the tolerance range of both 

species from the fry stage on. Exposure to 

temperatures far enough below zero to be 



/ 
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harmful (<~0.5 C) cannot occur in fresh water 

unless the intergravel water freezes. 

Survival under the latter conditions, even for 

limited exposure, is unlikely. Direct effects 

on morpho+ogical characters may possibly occur 

in cases where the duration of the critical 

phase of a differentiation process is 

sufficiently short to be influenced by a 

temporary cold wave. No data were found 

regarding the duration of any such critical 

phases. 

Continuous low temperature, especially 

during early embryonic stages, is known to be 

harmful and to increase mortality. Brett . and 

Alderdice, 1958, mention that fry and year

lings acclimated to 2.5 C showed less 

resistance to cold (below 0 C in salt water) 

than did fry acclimated to 5.0 C, and infer 

that the 2.5 C acclimation temperature imposed 

a stress on the fish. 

The dependence of the effect of a change 

in temperature on previous thermal experience 

is well known from temperature tolerance work 

by various authors. In general, exposure to 

high or low temperature can be tolerated better 

if the fish is already acclimated to a high or 

low temperature level. The effect is much 



- 58 -

more pronounced (greater dependency) for the 

low than for the high temperature limit . 

Hence, a sudden decrease in temperature is 

potentially much more harmful than a slower 

decrease of the same magnitude; the rate of 

change of ~n increase in temperature is of 

much less importance. 

The effects of temperature fluctuations 

are largely unexplored . As long as harmful 

extremes are not reached little effect of 

increased fluctuation around a common mean can 

be expected. In regard to morphological 

characteristics Lindsey and Ali (1965) 

established, in a temperature transfer 

experiment with medaka, that these 

characteristics followed the arithmetic mean 

temperatur~. It should be noted that , due to 

the previous ly mentioned reduced tolerance 

ranges during certain stages in larval 

development, increased daily fluctuations of 

a certain magnitude could be harmless during 

most of the devel opmental period but 

potentially harmful at certain times , 

particularly during the pre - eyed stages . 

Tndire·c·t ·erfec·t s 

An immediate effect of increased 

metabolic rate due to temperature increase is 
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increased o2 demand . The importance of o2 to 

the brood and effects of changes in demand and/ 

or supply are discussed below . 

Most indirect effects of a change in 

temperature are expected to occur by means of 

changes i n the environment. Both changes in 

physico- chemical and biotic elements of the 

environment are likely to occur . Of the 

former oxygen is of major concern. The direct 

influence of available o2 on the fry is of 

prime importance, possibly more so than 

temperature per se . o2 is known to affect 

differentiation rate , growth rate, efficiency 

of yolk co nversion , mortality rate at all 

embryonic stages , hatching success , time of 

emergence , formation of abnormals and 

morphologic a l characteristics . Temperature 

affects the o
2 

content of the water directly 

by reducing the saturation level as 

temperatures increase. Indirectly o2 content 

will be affected through increased consumption 

by the resident flora and fauna . Conversely , 

a lowering of the temperature could cause 

over- saturation, which is very harmful to 

fish , and increased ice formation, which could 

seriously interfere with the intergravel water 

flow pattern. Of the biotic factors possible, 

\ 
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increases irt algal and bacterial growth as 

correlates of increased temperature should be 

mentioned, both of which would have 

consequences regarding o2 content, metabolic 

waste products, and possibly interference with 

the intergravel flow. Incidence and growth of 

fungus on dead eggs can also be expected to 

increase, with a subsequent higher mortality 

rate of adjacent eggs. 

The effects of lowered o2 content and 

reduced flow have been studied extensively by 

Garside (1959, 1966), Silver et al. (1963), 

and Shumway et al. (1964). Small reductions in 

either temperature or o2 were shown to 

measurably affect the fry, especially in 

respect to rate of development and size, and 

increasingly so as the absolute levels of these 

factors dropped. Of considerable interest here 

is the repeatedly established interaction of 

o2 and temperature (Alderdice et al., 1958; 

Garside, 1959, 1966). A progressive increase 

of any effect (such as retardation of develop

ment rate) produced by a certain level of 

hypoxia was observed with increase of 

temperature. Also, with increasing temperature 

the effect occurs at progressively earlier 

stages in development, i.e. a certain level of 

/ 
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·hypoxia may not adversely affect the 

developing larva of a particular stage at a 

certain temperature, but it will do so at: 

(1) a later stage at the same temperature, 

and (2) at its present stage if the temperature 

is increased. These findings illustrate the 

earlier observation that the consideration of 

the effects of a single factor are not 

satisfactory, and that an integrated multi

factor model is necessary to assess 

realistically the effects of any one factor, 

such as temperature, 

Gonc1u·sions 

1. The effects of chinges in temperature 

regime on developing salmonid larvae are 

of great diversity, and many are 

potentially harmful. 

2. Virtually all the effects mentioned are 

impossible to quantify beforehand because 

of (a) the body of data applicable to the 

stock under consideration is too limited, 

and (b) the extent of the expected 

temperature changes is unknown. 

Prediction of changes in second, or higher 

order events that are likely to affect the 

brood is also impossible due to the many, 
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largely unknown, local conditions that 

will influence these events. 

4. Diel Vertical Movement of Pelagial Sockeye Salmon 
Juveniles 

A better understanding of the sockeye's 

activities is needed to determine their requirements 

for growth and survival and to determine the capacity 

of different parts of the lake to meet these 

requirements. In 1967, attention was directed toward 

the diel movements of the sockeye and their food supply. 

(a) Problem and Methods 

A general pattern of vertical diel movement 

of pelagial sockeye salmon juveniles during t he 

summer in Babine Lake was suggested from tow 

netting (1956 to 1963) and from echo sounding, tow 

netting and purse seining in 1966 . These sources 

indicated that (1) during the day juveniles were 

deeper than 50 ft., (2) at least some moved to the 

lake surface at dusk, (3) at least some remained 

within 50 ft. of the surface at night, and (4) 

juveniles moved away from the surface soon after 

dawn . The objective of this research in 1967 was 

to answer specific questions about thiS' apparent 

diel vertical movement of juveniles: "What is the 

precise pattern of movement? When does this 

behaviour first become evident and how does it 

change through the summer? Is this behaviour the 
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same in the North Arm as in the main lake? What is 

the physical and biological environment associated 

with the behaviour? What is the feeding biology of 

juveniles and how does it fit into this behaviour?" 

The basic hypothesis was that juveniles seek a 

specific light intensity and hence light is the 

primary factor controlling the diel movement. To 

test this a prototype underwater light meter was 

designed and ordered, but unfortunately was not 

delivered in time for field use in 1967. 

The field study was based on observations and 

samples taken at intervals during ten 24-hour series 

(noon to noon ). These series included transects 

with a 145 kc Sea Scanar (Honeywell) echo sounder, 

tows with a 3-ft. Isaacs-Kidd midwater trawl, purse 

seine sets with a 600 x 35 ft . net, horizontal 

zooplankton tows with Miller samplers at eight 

depths, secchi depth, and vertical temperature 

profile. These 24 - hour series were conducted from 

mid- July to early October in the North Arm of 

Babine Lake (7) and in the main Babine Lake (3). 

(b) Early Results 

The success of this investigation lay 

primarily with the reliability of the echo sounder 

as a device to indicate the abundance of juvenile 

sockeye salmon at any depth. A correlation 

coefficient of .81 was obtained in the .relationship 
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between juvenile catch by trawling and the number 

of echo sounder targets (Figure 9). Purse seine 

sets substantiated this since midday sets when there 

were no echo sounder targets above 35 ft. resulted 

in no catchs of juveniles; sets made in the 

evening, night, or early morning, when targets were 

found above 35 ft., resulted in catches of 

juveniles. 

A precise, well-defined diel vertical 

movement is displayed by pelagial sockeye juveniles 

in Babine Lake from at least mid-July to September 

(Figure 10). The maximum vertical movement in the 

North Arm was from the midday depth on the bottom 

, or l~O ft. to the lake surface just after sunset. 

(In the study area between Nine Mile and Five Mile 

Creeks depth of bottom ranged from 100 to 170 ft.) 

A distinct and consistent double layer of targets, 

believed to be juveniles, was found during the day 

in the North Arm (Figure 10). The two layers 

maintained a constant distance apart until the top 

layer reached the surface in the evening. The 

bottom layer (the majority of targets) continued to 

rise until it also reached the lake surface 

(Figure 10). The pattern of diel vertical . movement 

changed in the fall as indicated by the October 2-3 

series. Juveniles no longer came to the surface 

but remained in midwater through the night and 
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returned to deeper water during midday (Figure 11). 

The double layer was no longer conspicuous during 

the day. 

The July and August diel vertical behaviour of 

juveniles in the main lake was similar to that of 

the North Arm except the midday maximum depth was 

150 to 170 ft. 

The zooplankton of Babine Lake is composed of 

the Calanoid copepods Diaptomous (2 species), 

Epischura and Heterocope; the Cyclopoid copepod 

Cyclops; and the Cladocera Daphnia,· Bosmina, and 

Holopedium. Only Bosmina and Heterocope displayed 

a pronounced diel movement and these were in 

oppos~te directions (Jigure 12). Daphnia, 

Holopedium, Epischura, and both Diaptomous were 

found almost entirely above 35 feet. Cyclops 

occurred in greatest concentrations below 35 feet 

(Figure 12). The species are ranked in relative 

abundance from lowest to highest: Holop~dium, 

Epischura, Heterocope, Bosmina, Daphnia, Diaptomous 

pribilofensis, Cyclops and Diaptomous ashlandi. 

Although Heterocope was relatively scarce it formed 

a major portion of the zooplankton biomass since a n 

individual adult is about 4 mm. long. 

A preliminary examination has been made of 

juvenile stomach contents from one 24 hour series 

in North Arm. These data suggest that intensive 
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feeding occurred at dusk as the juveniles reached 

the 0-35 foot stratum and again at dawn as the fish 

commenced to move away from the lake surface. 

There appears to have been no feeding during the 

hours of darkness when the fish were within 50 feet 

of the surface and little feeding in midday when 

the fish were mainly below 100 feet. The dominant 

food item was Heterocope followed by Daphnia . 
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