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INTRODUCTION 

Babine Lake (Fig. 1) , the largest lake of the 

Skeena River drainage system, produces one of British Columbia's 

major sockeye salmon (Oncorhynchus nerka) stocks. Studies by 

the Research and Development Branch of the Fisheries and Marine 

Service indicated that the main lake basin of Babine Lake had 

further potential as a sockeye nursery area (Department of 

Fisheries, 1965, McDonald 1969). The rationale for this project 

follows from studies by Johnson (1956, 1958, MS, 1961) which 

suggested that Babine's main lake basin is underutilized as a 

lake nursery area for sockeye because of the limited capacity 

of adjacent spawning streams to produce fry. As a result, 

artificial spawning facilities were constructed on two tributaries 

of Babine Lake to increase sockeye fry production to the lake by 

100 million or more additional fry. The project involved extension 

and improvement of spawning grounds by constructing artificial 

spawning channels and darns to provide for water flow regulation. 

In 1965, the first channel was completed on the Fulton River, the 

second was completed on Pinkut Creek in 1968 and in 1971 a third 

channel was completed on the Fulton River. An expenditure 

approximating 10 million dollars covering the design, construction 

and initial operation has resulted in a significant economic 

contribution to the Pacific Coast commercial fishery as well as 

many other benefits. 
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A biological assessment of the facilities and 

operational methods was conducted to evaluate the project's 

ability to increase sockeye production over that of the natural 

streams. The program emphasized the measurement of the numbers 

and quality of fry produces from the development projects, the 

number of smelts emigrating from Babine Lake, and the number of 

returning adults. This report describes the results of the 

evaluation program relative to the individual components within 

the Babine Development Project. For clarity, the report consists 

of sections which de,scribe the individual projects from the 

predevelopment stage to the present. 
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PHYSICAL DESCRIPTION OF FULTON RIVER AND PINKUT CREEK 

DEVELOPMENT PROJECTS 

FULTON RIVER 

The Fulton River Project consists of partial flow 

control facilities, two artificial spawning channels and 

enumeration facilities (Fig. 2) • 

A concrete dam, 40 feet in height, was constructed 

at the outlet of Fulton Lake thus creating a reservoir with a 

capacity of 76,000 acre-feet, and providing a maximum flow 

regulation to Fulton River of 4200 cfs. Flow of 150 cfs 

during spawning and of 200 cfs dur.ing incubation to a maximum 

of 3500 cfs during spring runoff are the normal levels of 

operation. During the spring when runoff in the watershed is 

high, regulation is limited to the period prior to the rese-rvoir 

filling and subsequent discharge over the dam. Uncontrolled 

flows over the dam normally occur during June or July. Maximum 

discharge from Fulton Lake into Spawning Channel No. 2 is 150 

cfs; however, flows of 100 cfs are the normal operating flows 

for spawning and incubation. 

The regulating works at the Fulton Lake outlet (Fig. 3) 

consists of a vertical gate shaft, a concrete lined tunnel 

(diameter= 12 feet; length= 500 feet), and a valve house at 

the tunnel outlet. The date shaft consists of three gates 

which permits the selection of water from the intake channel 
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Figure 2: Aerial view of the Fulton River enhancement project. 
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to a depth of 48 feet. The original intent of the gate shaft 

concept was to provide for water temperature control; however, 

the narrow intake channel creates considerable mixing of incoming 

water and results in little vertical stratification. Provisions 

do exist for an auxiliary low level intake pipe to be extended 

into the lake beyond the intake channel in the event cooler water 

is required for precise temperature control. Flows are 

regulated at the tunnel outlet by one 30-inch and two 84-inch 

diameter hollow-cone valves. 

Realizing the importance of Fulton Lake as a recreation 

and conservation area, the specifications for reservoir clearing 

were developed through federal liason with British Columbia 

Government Agencies - Forest Services, Parks Branch, Fish and 

Wildlife Branch, and Water Resources (Heskin, 1967). Approxi­

mately 1800 acres of undeveloped lakeshore area was cleared of 

timber to create the supply reservoir. Clearing.was scheduled 

over a three year period and the area was flooded in the spring 

of 1969. Final cleanup was completed in 1971. 

The Fulton River project was initiated in 1965 with 

construction of Spawning Channel No. 1 (Fig. 4). The channel, 

4900 feet in length including pools and a bottom width of 30 feet 

was located immediately adjacent to the Fulton River where the 

river has a relatively steep gradient. The steep gradient is 

essential for successful channel operation and maintenance of 

an adequate supply of water from the river. Water is conveyed 
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Figure 4: Fulton River Spawning Channel No. 1 shortly after completion in 1966. 
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to the channel through a submerged intake pipe (dia.=54") 

leading from a pool in the river. Gravel composition ranged 

from 3/4" to 4" in diameter with a large proportion being 

3/4" to 2" in size. Gravel depth was 18 inches. An innovative 

aspect of this channel was the use of composite timber and 

concrete divider walls to form separate sections of the channel. 

This allowed for maximum use of spawning area from the available 

land while maintaining a suitable channel cross section and a 

gradient of .0009. At a discharge of 75 cfs water velocity is 

1.8 feet per second and depth is 1.3 feet. The channel had an 

estimated capacity of 22,000 adult sockeye in 13,000 square 

yards of spawning gravel. 

A second spawning channel was completed in 1971. 

Spawning Channel No. 2, 16,700 feet in length and 50 feet wide 

is located approximately one-half mile downstream of Channel 

No. 1 (Fig. 5). This facility consists of concrete lined channel 

berms and concrete divider walls. Gravel composition and depth 

was identical to that of Channel No. 1. Channel gradient was 

designed at .002, and at a discharge of 100 cfs, the average 

velocity is 2.1 feet per second and water depth is 1.0 feet. 

The estimated spawner capacity was set at 135,000 adults. Water 

is supplied directly to the channel from Fulton Lake through a 

combined tunnel and pipeline approximately 5,000 feet in length 

(Fig. 6). The supply tunnel, resembling a modified horseshoe 

configuration having a diameter of 7.5 feet and a length of 3800 

feet (Fig. 3) originates from the main regulating works at Fulton 

Lake, approximately 75 feet from the gate structure (Heskin, 1967). 
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Figure 5: Fulton River Spawning Channel No. 2 shortly after 
completion in 1971. 
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Figure 6: Exposed section of water supply pipeline to Fulton 
River Spawning Channel No. 2. 
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Adult and fry enumeration facilities were constructed 

on Fulton River below the main spawning area and also at the 

downstream entrance of each spawning channel. An enumeration 

fence was located across both Fulton River and the downstream 

entrance of Channel No. 2 at a point where Channel No. 2 con-

verges into the river (Fig. 7). Converging throat traps 

(Walker, C.E., Wood, J.A. and MacLean, I.A. 1969) were installed 

on the fence to sample fry migration. 

Figure 7: Adult and fry enumeration fence traversing the outlet 
of Channel No. 2 and Fulton River. 
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At the outle,t of Channel No. 1, a temporary V-entrance broom-

stick fence is used for adult enumeration (Fig. 8). Removable 

aluminum fan traps are used for enumeration of fry from this 

channel. Different fry enumeration techniques are applied at 

the different locations and will be discussed later. 

Figure 8: Temporary V-entrance broomstick fence located at the 
downstream entrance of Fulton River Channel No. 1. 
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PINKUT CREEK 

The Pinkut Creek project consists of a spawning 

channel (Fig. 9) and partial flow control facilities. 

Controlled flow to the river has been provided by 

installation of a weir at the outlet of Taltapin Lake (Fig. 10). 

Taltapin Lake was selected as the primary water source because 

of its storage capacity. Reservoir clearing was not required. 

As with the Fulton River project, the provincial government was 

involved in the planning to insure that recreational and con­

servation potential was maintained. Maximum storage capacity of 

Taltapin Lake below the maximum flood level was obtained by 

dredging a series of small lake areas downstream of the dam. 

Normal operating discharge through the supply tunnel from Taltapin 

Lake is 70 cfs. If required, about 200 cfs can be discharged, 

however this would deplete the winter water supply prior to 

fry emigration in the spring. 

The water control works (Fig. 11) consist of a rock 

fill dam with a concrete cap six feet high and 303 feet long, and 

a pipeline having a diameter of 54 inches and a length of 400 

feet. The control works were completed in 1966, thus providing 

the necessary minimum winter flows to the eggs of that brood 

year (Heskin, 1967). 

The spawning channel, 9200 feet in length and 40 feet 

wide was located adjacent to the mouth of Pinkut Creek. The 

channel was designed to have a slope of .0009 and a water 



Figure 9: Aerial view of the Pinkut Creek enhancement project excluding 
the Taltapin Lake regulating works. 
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velocity of 1.8 feet per second and an average water depth of 

1.25 feet at a discharge of 75 cfs. The estimated spawner 

density was 63,000 adults in a spawning area of 39,500 square 

yards. Gravel composition and depth was as described for Fulton 

River Spawning Channel No. l. Channel berms consist of clay core 

centres covered with gravel (diameter = 3/4" - 4"). The channel 

water is provided by partial diversion of Pinkut Creek approxi­

mately one-half mile from its mouth (Fig. 12). Water passes 

through a regulated supply tunnel, resembling a modified horse­

shoe configuration 7.5 feet in diameter and 750 feet long, into a 

desilting basin and then enters the channel. Maximum discharge 

into the spawning channel from the supply tunnel is 75 cfs, how­

ever normal operational flows are regulated between 45 and 55 cfs. 

A permanent counting fence was constructed in 1968 to 

enumerate and control the loading of adult spawners and to assess 

fry production. The fence was located across the outlets of 

both the river and channel. Converging throat traps identical to 

those on the Fulton River fence were installed on the river 

portion of the fence for river fry enumeration and also at the 

top end of the main fishway leading to the channel for channel 

fry enumeration (Fig. 13). 

Low egg to fry survivals in the channel in 1968 and 

1969, as a result of scouring due to anchor ice formations in 

the winter, were improved in 1970 with the installation of an 

auxiliary warm water supply to augment the channel water supply. 
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Figure 13: Converging throat traps in the fishing position 
used to estimate fry production from the Pinkut 
Creek Spawning Channel. 

The sys_tem (Fig. 14) draws 22 cfs of water from 200 feet below 

the surface of Babine Lake and pumps it through a pipeline system 

to the top, middle and lower portions of the channel. The 

additional water, approximately 37.5°F, warmed the main channel 

supply from 32.0°F to 32.5°F. 
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EVALUATION OF FULTON RIVER FLOW CONTROL 

Introduction 

Studies of the Fulton River sockeye population began 

in 1961 in response to a proposed hydroelectric project. The 

power development was subsequently cancelled by the British 

Columbia Hydro and Power Authority; however, biological studies 

were continued with the new objective being fisheries develop­

ment. 

The Fulton River, with a drainage area of 532 square 

miles, rises on the northern side of the Babine mountain range 

and flows in an easterly direction through Chapman Lake (2.7 

sq. mi.) and through Fulton Lake (3.5 sq. mi.) and empties into 

Babine Lake at Tepley Landing, B.C. Fuiton Lake is approximately 

190 feet higher in elevation than Babine Lake. Prior to 

fisheries development, Fulton River passed over a 40-feet falls 

immediately downstream of Fulton Lake, then proceeded through a 

mile of rock canyon, and three miles of valley to enter Babine 

Lake. The only major change was the construction of a dam at the 

falls having a spillway crest approximately 25 feet above the low 

water level of the lake. 

Fulton River is the principal spawning stream entering 

the main basin of Babine Lake. Salmon spawn throughout the river 

to the base of a falls about 100 feet below the dam. Spawning 

populations prior to development excluding jacks ranged from 15.2 
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Figure 15: Aerial view of the water control dam located at 
the outlet of the Fulton Lake reservoir. 

to 170.l thousand with an average of 80.5 in the period 1949 to 

1966 (Table 1). The optimum spawning capacity of the river in 

terms of maximum fry production, based on an area allotment 

of 1.25 sq. yds. of area per female, was estimated to be 120,000 

fish in a spawning area approximating 75,000 square yards. This 

area allotment per female spawner formed the basis for future 

channel design densities. 

The main run of sockeye enters the river between August 

20 and September 25 with the peak of migration occurring in the 

first week of September. The fish remain in pools for up to 



TABLE 1: Babine sockeye escapements in thousands of fish during the period 1949 to 1966 

1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 

Babine fence count 461 

Indian catch 29 

364 

27 

141 

19 

349 

34 

687 

27 

494 

22 

71 

10 

355 

31 

433 

20 

812 

39 

783 

17 

263 

17 

942 

32 

548 

18 

588 

20 

8281 580 

20 19 

389 

19 

North Arm -
Nilkitkwa Region 

Upper Babine River 

Lower Babine River 

9 Mile Cr. 

5 Mile Cr. 

Total spawners 

Main Lake Region 

Morrison system 

Fulton River 

Pinkut Creek 

Pierre Creek 

Grizzly Cr. 

Twin Cr. 

4 Mile Cr. 

Tachek Gr. 

Sockeye Cr. 
6 Mile Cr. 

Pendleton Cr. 

Others2 

Total spawners 

216.0 65.0 

135.0 116.0 

o. 9 L 0 

0 0.1 

35L 9 182.1 

L6 5.9 

13.3 

10.8 

0.4 

0.1 

78.2 147.0 136.7 

69.0 127.4 100.0 

0.1 

0 

2.5 

0.3 

LO 

0.3 

24.6 147.3 277.2 238.0 

4.1 1.2 24.7 24.0 

9.7 

9.0 

0.1 

0.1 

66.5 117.8 156.8 156.7 

52.3 66.5 107.8 123.5 

0 

0 

4.0 

0.2 

0 

0 

2.4 

0.6 

18.9 118.8 188.5 264.6 283.2 

1.8 27.0 28.9 18.0 35.9 

36.9 196.0 192.0 119.3 222.0 120.4 69.0 

54.0 171.5 61.0 34.5 46.0 176.0 114.0 

1.8 2.5 0.5 LO L5 0.5 0.8 

0 0.5 0.1 0 0.1 0.2 0.2 

92.7 370.5 253.6 154.8 269.6 297.l 184.0 

9.9 23.6 12.5 41.8 27.0 8.5 

33.9 42.0 15.2 

10.5 12.0 4.9 

31.5 134.4 105.6 16.7 81.0 108.0 

7.5 23.5 25.0 3.2 22.8 29.1 

76.0 114.0 36.0 170.1 86.4 

44.0 77.6 27.0 44.1 21.4 

98.6 117.0 123.3 

40.0 135.3 23.8 

8.8 

59.2 

2L5 

8.8 

4.5 

2.0 

1. 7 

0.3 

1.4 

0.3 

4.2 17.9 11.5 3.3 

1.5 2.7 2.1 3.5 

2.3 7.6 4.8 o.4 

1.6 4.2 0.9 0.2 

2.6 2.6 2.5 0 

0.2 0.9 0.8 0 

o.4 1.2 a a 

1.1 1.2 0 0 

0 0 20.0 74.4 

19.2 17.0 

6.0 3.1 

9.8 14.0 

2.0 2.2 

2.4 1.9 

0.6 0.9 

2.6 1.8 

1.4 1.1 

1.0 0 

3.2 

0.5 

2.4 

0.4 

0.3 

0.5 

0.1 

0 

0 

18.0 21.2 29.4 33.0 9.9 24.5 

4.8 7.0 30.0 14.0 10.8 23.5 

4.5 5.4 12.0 9.0 5.4 6.9 

0.4 2.5 6.0 5.4 1.8 1.0 

0 6.4 1.8 6.0 1.8 0 

0 2.5 1.5 4.0 1.8 0 

0.1 0.6 2.3 3.5 0.9 o. 
0 0.3 0 2.5 0 0 

0 0.2 72.5 3.9 0.3 51.8 

4.1 28.4 

4.6 11.4 

1. 3 11.4 

2.8 2.8 

o. 6 1.6 

1.0 2.4 

o. 9 1.4 

0.2 0 

6.2 6.2 

22.0 10.0 

8.0 5.0 

9.0 3.0 

2.5 1.4 

3.0 o. 7 

1.5 0.1 

1.5 0.1 

1.4 0 

9.3 1.8 

0 

0 

59.9 98.2 66.8 122.0 227.6 196.6 29.l 158.6 212.1 293.5 308.8 105.6 345.5 142.0 246.0 337.5 177.7 108.5 

1 
Estimate derived from stream counts, tag and recovery, av. "not accounted for 11 1949-1963. 

2 Includes: a intermittent counts in small marginal streams 
~counts of fish which died unspawned esp. 1951, 1952, 1958 1 1961 
.£ for Nanika egg take from Pinkut Creek; 1961 a 2050, 1962 = 6200, 1963 • 6200, 1964 = 9300 1 1965 = 1800. 

1949-1966 
Means 

504.9 

23.3 

117.7 

87.5 

1.2 

0.2 

206.5 

17.0 

80.5 

31.8 

15.9 

7.9 

6.2 

2.2 

1. 9 

1.1 

1.0 

0.5 

13.7 

179.8 

N 
~ 
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three weeks and spawning peaks in late September and early 

October. Historically an early run population of less than a 

thousand fish entered the river in early August and spawned prior 

to the main run. In recent years, this early run has increased 

and now exceeds 40,000 adults. 

The fry migration normally begins in late April but 

the peak can occur anytime during late May or early June depending 

on the level of discharge in the river. Migration is virtually 

complete by the end of the third week in June. 

The distribution of spawners in the Fulton River is 

associated with river gradient and streambed composition. Higher 

spawning densities occur where the gradient is low and the stream­

bed consists of a proportionately higher amount of small gravel 

(l" to 2" diameter). Low density spawning occurs where the 

gradient is high and the streambed consists mainly of boulders and 

bedrock outcroppings. Figure 16 illustrates river locations as 

related to degree of spawning utilization. Approximately 55 

percent of all spawners are found in the high density areas and 

10 percent in the low density areas. Approximately 35 percent of 

the population utilizes the remaining area. The development project 

has not altered the river's physical characteristics but the biology 

of the Fulton River sockeye run appears to be undergoing changes 

relative to age compositions, sex-rates and population numbers. 

The following section of the report will describe the changes that 

occurred during and after the development period (1965-1975). 



Figure 16 : Schematic layout of Fulton River relative to 

the degree of spawning ut iliza tion . 
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upstream migrants were counted daily at the main fence. The 

Channel No. 2 portion of the main fence is presently operated in 

a manner allowing the peak of the run to be diverted into the 

channel. All other fish are directed into the river and as they 

migrate upstream, a portion are directed into Channel No. 1. The 

main fence may be opened for migration into the river, into 

Channel No. 2, or both, depending on the daily rate of upstream 

migration. Counts of spawners below the enumeration fence are 

established visually from boats and (or) aircraft. 

Population Characteristics 

Spawning populations to the Fulton System have ranged 

from 59.2 to 397.5 thousand over the period 1965-1975 (Table 2). 

During this period, Babine Lake sockeye escapements were pur­

posely increased to allow for adequate seeding of the two 

spawning channels. According to the original design loading 

density of 0.8 females per sq. yd., the optimum spawner density 

totals 120,000 fish in the river. In all years except 1971 and 

1975, the river spawning density was at or below the requirement. 

The large escapement in 1975 was a result of low exploitation of 

the Fulton River stock as it migrated through the commercial 

fishery. To maintain consistent channel productivity, it was 

decised to overseed the river and maintain normal spawner 

densities in the channels. 

Age compositions of returning adults varies sub­

stantially from year to year but a definite trend of a cyclical 

nature between age 42 and age 52 adults appears to be developing 

on the Fulton stock (Fig. 17). At Fulton higher proportions of 



\ \ ( 

TABLE 2: Sockeye escapement in thousands to the Pinkut Creek and Fulton River Systems from 1~6S to 1975. 

12-65 19_66 19.67 12-68 1969 1910. 1911 1972 1973 1914 19]5 1965-1975 1949-1966 
Average Average 

Fulton River 123.3 40.4 114.2 99 .• 2 60.6 111.3 142.6 81.4 100.0 64,3 274.4 110.2 

Channel No. 1 18.8 '21.8 26.0 21.0 25.5 24.7 21.6 25.3 12.5 14. 9. 21.2 

Channel No. 2 23.7 58.8 115.5 106.5 112.1 62.4 108.2 83.9 

Fulton System 123.3 59 .• 2 136.0 125.2 105.3 195.6 282,8 209,5 237.4 139.2 397 .2 182.8 80.5 
N 

Pinkut Creek 23.8 21.5 31. 7 8.8 8.3 9.2 8.8 16.8 36.9 44.5 57.1 24.3 ID 

Pinkut Channel 13.5 28.8 19.8 21. 7 57.1 63 ,3 51,7 48.l 38.0 

Pinkut System 23.8 21.5 31.7 22.3 37.1 29.0 30.5 79.9 100.2 96.2 105.2 52.5 31.8 

Development Total 147.1 80.7 167.7 147.5 142.4 224.6 313,3 283.4 337.6 235.4 502.7 234.8 
{Pinkut & Fulton) 

Development Percent 25.4 20.7 27.8 26.8 21.6 33.9 38.4 41.7 42.3 32.4 61.2 35.4 
(Pinkut & Fulton) 

Babine System 580.0 389.0 603.0 552.0 660.0 662.0 816.0 680.1 797.5 727 .o 820.8 662.5 504.9 
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age 52 fish occurred in the 1959, 1964, 1968, 1972 and 1976 

runs (Fig. 18). Also, the degree of dominance varies from year 

to year. Reasons for this unique pattern of adult return are 

not known. Similar observations and reasons for these trends have 

been discussed by Godfrey (1958) and by .Larkin and MacDonald 

(1968). Some of the factors discussed included the commercial 

fishery, differential yield between Babine and non-Babine 

stocks, and "dominance" effects. As more information comes 

available, the significance of this cycle may become apparent and 

could be applied to overall stock composition. Accordingly, if 

this cycle is applied to regulation of the commercial fishery it 

may assist in the management of Skeena River sockeye stocks. 
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Figure 18: Pattern of cyclic dominance of 42 and 52 adult 

sockeye returning to the Fulton River System. 



32 

Jack or age 32 sockeye returns to the Fulton River 

System (Table 3) for the years 1961-1975 have ranged from a 

low of 2,754 in 1968 to a high of 139,265 in 1974. A com-

parison of jack returns between the pre and post development 

period indicates an overall average increase of 55,000 fish. 

This is not unusual because whenever a population increases 

the increase should be reflected in all age classes of that 

population. 

TABLE 3: Escapement of adult and jack sockeye to the Fulton 
River System from 1961 to 1975. 

Phase Year Jacks Adults 

1961 19,278 170,100 

1962 -* 86,400 

1963 54,824 98,600 

Pre-Development 1964 3,240 116,760 

Returns 1965 15,707 123,293 

1966 30,478 59,522 

1967 4,495 135, 976 

1968 2,754 99,244 

Average (18,682) (111,236) 

1969 43,715 105,260 

1970 56,527 195,532 

1971 16,339 282,801 

Post-Development 1972 135,901 209,478 

Returns 1973 81,250 237,309 

1974 139,265 139,211 

1975 46,604 399,153 

Average (74,228) (224 ,106) 

*No available estimate. 
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The Fulton sockeye have responded accordingly and the low ex-

ploitation by the commercial gillnet fishery has further increased 

the jack sockeye returns. Of these returns, a major portion 

now return to Channel No. 2 suggesting they originated from 

channel brood stock. Again, a commercial gillnet fishery with 

low exploitation of jacks would explain the large returns to 

the channel. In relation to the total escapement to the Babine 

System (Table 4), the highest percentage return to the Fulton 

System occurred in 1961 before development. In recent years 

(1969-1975) returns have averaged 41.6 percent, which represents 

an increase of 25.2 percent over the previous six year average. 

TABLE 4: Percentage of total Babine Lake jack sockeye escapement 
to the Fulton River and Pinkut Creek Systems. 

Phase Year Babine 
Total 

1960 ·49, 0-00 

1961 28,000 

1962 46,000 

Pre-Development 1963 173,000 

Returns 1964 60,000 

1965 64,000 

1966 182,000 

1967 29,300 

1968* 53,400 

1969 154,000 

1970 166,000 

1971 54,600 

Post-Development 1972 258,582 

Returns 1973 208,350 

1974 226,923 

1975 137,396 

* Beginning of flow control 

Fulton 
% 

68. 9 

31. 7 

5.4 

24. 5 

16. 7 

15. 3 

5.2 

28. 4 

34.l 

29. 9 

52.5 

39.0 

61.4 

33.9 

Pinkut % of 
% Total 

2.4 7.8 

15.9 40.5 

3.8 20.6 

5.7 21.0 

4.5 9.6 

4.2 32.6 

3.7 37.8 

19.2 49.2 

7. 9 60.4 

15.4 54.4 

16.4 77.8 

7.0 40.9 
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Egg Deposition and Retention 

Potential egg deposition in Fulton River has ranged 

from a low of 73.9 million in 1966 to a high of 417.8 million 

in 1975. Over the range of depositions that have occurred in 
• 

the Fulton River, egg retentions, a measure of complete spawn-

ing, have increased with increases in potential deposition 

(Fig. 19). The data indicates that beyond a potential deposition 

of 250 million in the river, there could be sharp decline in 

spawning efficiency. 
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Figure 19: Relationship between potential egg deposition and 
percent egg retention in Fulton River. 
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Sockeye Fry Program 

Enumeration Techniques 

Enumeration of sockeye fry migrating from Fulton River 

began in 1962. The technique employed was a conventional mark 

and recapture method. From 1963 to 1966 a travelling vertical 

sampler was fished at different stations across the river at 

pre-set times. Nightly migration estimates were calculated on 

the basis of actual net catches and river discharge, or: 

N = Qs S , 
~Qn 

Where the number of fry (N) equals the product of the total 

river discharge during the migration period (Qs) and the total 

fry catch during the sample period (S), divided by the total 

discharge through the nets at each station (Qn). 

This technique is unreliable during flood stages when 

debris and velocity curtail trap fishability. This was parti­

cularly evident in 1966. Qualified estimates were obtained 

from 1962 to 1965 and all were subject to the limitations of the 

procedures. The 1966 estimate was derived from interpolation 

of the previous years estimates. 

A more reliable method of enumeration was implemented 

in 1967, when a permanent fence was constructed on the lowermost 

spawning riffle (5,000 feet above the river mouth) for fry and 

adult enumeration. Permanent converging throat traps, patterned 

after similar units described by Tait and Kirkwood (1962) , were 

installed on the fence to sample the fry migration. The traps, 

fabricated from aluminum and screening were located such that 

each trap fished one foot in every 20 feet across the river. The 
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traps fished the total water column which ranged from two inches 

to four feet depending on river discharge. 

The actual sampling procedure consisted of lowering 

the traps at regular time intervals, fishing for one minute, 

inserting a fibreglass slider between the oval retainer and 

rectangular tunnel and raising the trap from the water. When 

the traps were raised, captured fry were washed into and drained 

out of a fibreglass tub into a five gallon polyethylene bucket. 

The bucket of water, with fry, was transferred to an enumeration 

laboratory where the fry and water are poured onto an enumeration 

table to be hand counted. After counting, the fry are allowed 

to pass off the sloping counting table into a transport trough 

connected by plastic pipe to the river. Often, during peak 

migration, fry were volume counted rather than hand counted to 

prevent mortalities from prolonged handling and to minimize the 

time involved in the sampling process. The method involved 

filling a graduated 250ml volumetric container, screened to re­

move water, with fry, volume read and recorded. The contents 

of these containers would be counted three times a night to 

obtain a volumetric conversion factor, (4 to 6 fry per ml). This 

factor was then applied to the volumetric measures thus providing 

an estimate for the number of fry sampled that evening. 

Nightly estimates of fry migration were obtained by 

relating the actual night's catch to the unfished area and un­

fished time. A standard index period of the four and a half' 

hours of peak migration (2220 - 0250 hours) using two index traps 

provided the basic estimate of the nightly fry abundance (Appendix 
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Table I). A time check correction was applied to the 4.5 hour 

index period to estimate total migration over a 24 hour period. 

The time correction factor was obtained by fishing the index 

traps over a 24 hour period and adding the percent not captured 

in the standard index period to obtain a 24 hour estimate. 

(Appendix Table II). The final correction factor, that for the 

unfished area (Appendix Table III) or relating the catch of the 

two index traps against all ten traps,was applied to the time 

corrected standard index to arrive at the total nightly fry 

abundance. An example of the calculation procedure for an index 

catch on the night of May 25-26, 1972 provides a suitable example 

of estimating a nightly migration of 1,510,360 fry from an actual 

night's catch of 5,436 fry (Appendix Table IV). 

Three standard index sampling times were adopted de­

pending on the catch. A 20-5 fishing sequence consisted of 

fishing the traps for 20 minutes and then raising, emptying, 

cleaning and then setting the traps in the following five minute 

period. If the catch was excessively high, the fishing sequence 

was altered to 10 minutes fishing followed by 20 minutes of non 

fishing (10-20). Also, five minute fishing and 25 minute non 

fishing (5-25) sequence was employed to avoid large catches. 

Fry Production and Egg to Fry Survival 

The average fry production from the Fulton River prior 

to flow control was 30.8 million (Table 5) for an average egg 

to fry survival of 20.8 percent. During the period 1968 to 1976, 

production averaged 31.7 million fry and survival 17.2 percent. 

Since flow control, the average fry output has remained virtually 
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TABLE 5: Fulton River sockeye fry production from 1962 to 1976. 

Egg Fry Egg-Fry 
Brood Deposition Production Survival 

Year (millions) (millions) (%) Fr:i: Year 

61 237. 7 26.5 11.0 62 

62 136. 5 41. 7 30.5 63 

63 148. 0 46.5 31.4 64 

64 187.0 24.5 12.5 65 

65 189. 0 23. 6 12.5 66 

66 77. 5 24.0 31.0 67 

67 171.6 28.8 16.7 68 

Natural Flow Average 

7 years 163.9 20.8 30.8 

68 213.6 38.7 17.6 69 

69 81.7 11.2 12.6 70 

70 189.9 38. 9 20.5 71 

71 209.3 31.0 14.8 72 

72 167.4 33.4 19.9 73 

73 150. 0 27.5 18. 3 74 

74 131.5 27.7 21. 0 75 

75 352.9 45.5 12.9 76 

Flow Control Average 

8 years 187.0 31. 7 17.2 
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the same; however, average egg to fry survival has declined. Ex­

pectations were that flow control would increase egg to fry 

survival from 20 to 30 percent. Various reasons may be given for 

the lack of response to flow control. For example, if post 

development spawning and incubation flows have remained the same 

as pre development flows, then flows would not be a limiting con­

straint to production from Fulton River. Also, flow control does 

not eliminate predators, or increase spawning area to any great 

extent, or provide better spawning gravel. However, flow control 

does ensure a stable flow during spawning, incubation, and spring 

migration. Therefore, many of the mortality factors acting on 

developing eggs have not been altered with the exception of 

emergence timing. During pre development years, spring freshet 

influenced emergence timing to a degree that in certain years 

immature fry would emerge under high discharge and migrate to the 

lake at a time when food was scarce. Flow control reduced the 

possibility of early fry emergence. 

Another possible reason for the lack of increase in egg 

to fry survival is that pre development production estimates 

particularly in 1963 and 1964 were over estimates. Prior to 1966, 

fry production was measured with vertical samplers which are far 

less accurate than converging throat traps. From 1966, both 

hydraulic sampling (McNeil, W.J., 1964) and converging throat traps 

have been used to assess fry production (Table 6). 

Assuming such mortality causing factors as discharge, 

temperature and predators remain relatively constant from year to 

year, egg to fry survival in the Fulton River appears to be density 

dependent. The negative regression of egg to fry survival on egg 



TABLE 6: Comparison between annual egg to fry survival rates derived from the 
hydraulic sampling and enumeration fence techniques at Pinkut Creek and 
Fulton River. 

PINKUT FULTON 

BROOD RIVER CHANNEL RIVER CHAN. ltl CHAN. lt2 

YEAR Hyd. Down Hyd. Down Hyd. Down Hyd. Down Hyd. Down 
Samp. Stream Samp. Stream Samp. Stream Samp. Stream Samp. Stream 

1963 19.l 31.4 

1964 2.0 12.5 

1965 13.5 12.5 
1966 16.9 13.8 31.0 69.l 

1967 9.9 6.6 16.7 48.9 

1968 16.4 10.0 23.4 33.8 17.6 42.7 

1969 - 19.8 59.9 40.5 12.6 21. 3 67.3 

1970 18.5 19.9 - 58. 0 20.5 31.0 31.5 

1971 20.7 - 62.6 54.2 17. 0 14.8 38.6 50.7 32.9 41.7 

1972 16.8 - - 30.0 16.5 19.9 43.0 52.l 52.4 26.5 

1973 12.l 10.l 16.3 24.8 14.4 18. 3 42.2 43.7 42.6 45.l 

1974 15.0 9.3 - 8.9 25.l 21.0 47.2 63.5 30.2 36.7 

1975 12.6 - 17.0 33.l - 12.9 55.4 54.0 36.2 40.0 

""' 0 
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deposition is significant, (Fig. 20: P :S .05) and indicates that 

as deposition increases egg to fry survival decreases. It is 

thus indicated that either on above optimum density of eggs in 

the gravel or spawning above on optimum density reduces the 

efficiency of spawning. The positive regression of fry pro­

duction on egg deposition is also significant (Fig. 21; P ~ .05). 

The data from these two regressions suggests that beyond an egg 

deposition of 200 million, only minor increases in production 

occur. 
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Figure 20: Regression of sockeye egg to fry survival on actual 
egg deposition in Fulton River. 



(J) 
z 
0 
:::; 
:! 
::; 

50 

4 

42 

• • 

z 3 

z 
0 
f­
t) 
:::i 

" ~ 2 
a. 

• 

o 40 80 120 160 200 240 280 320 360 
EGG DEPOSITION IN MILLIONS 

Figure 21: Regression of sockeye fry production on actual egg 
deposition in Fulton River. 

The positive regression of egg to fry survival on the 

spawning area available to females is also significant, (Fig. 22; 

P ~ 0.05). These data suggest that the maximum area available for 

spawning in the Fulton River should approximate 1.4 sq. yds. per 

female spawner in order to maintain high survivals and avoid 

superimposition of redds. The total available spawning area of 

75,000 yds. would comfortably accomodate 54,000 female spawners 
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or 108,000 adults at a 50:50 sex ratio. This is slightly 

less than the original loading estimate of 120,000 fish at 

an equal sex ratio. 
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Figure 22: Regression of sockeye egg to fry survival on 
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3.6 

Studies conducted by Ginetz (1972) indicated that 

significant egg mortality occurred very early in the incubation 

period and that much was attributable to superimposition of 
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redds. The present results provide further evidence of this 

occurrence. It appears that the most serious mortality factor 

during spawning and early incubation appears to be dependent 

upon adult density. As a result of these findings, new loading 

criteria have been adopted in accordance with the available 

information. 

Fry Migration Timing 

Fry migration from the Fulton River occurs during a 

six-week period, beginning in mid-April and ending in the first 

week of June. Peak migration normally occurs during the fourth 

or fifth week of that period. In recent years there has been a 

gradual shift towards an earlier peak from the last week to the 

third week of May (Table 7). This shift in timing in the river 

is probably related to river discharges and water temperatures. 

In virtually all years, there is a close association between 

river discharge and migration timing (Fig. 23). In 1975 and 

1976, migrations were unusually early, and this was due to an 

earlier then usual spring runoff. Other factors influencing 

emergence timing such as timing of egg deposition in the brood 

years and water temperature during incubation were not abnormal. 

Fry Quality 

Fry produced in Fulton River vary from year to year 

in length, weight and development index. Average mean length 

during the period 1964 to 1976 is 29.5lrnrn, with:a range-from 

28.20 in 1965 to 30.30 in 1964 (Table 8). Since 1966, fry 

length has consistently averaged in the 29rnrn range. In terms of 

pre- and post-flow control comparisons, the length has not in­

creased significantly. 
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TABLE 7: Peak timing of sockeye fry migrating from the Fulton 
River System to Babine Lake. 

. Fry 
Year 

1962 

1963 

1964 

1965 

1966 

1967 

1968* 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

Fulton 
River 

May 28 

May 23 

June 4 

June 6 

June 2 

May 21 

May 25 

May 17 

May 15 

May 19 

May 20 

May 19 

May 13 

May 10 

* Beginning of flow control. 

Location 

Channel 
No. 1 

June 9 

June 3 

June 1 

May 27 

May 21 

May 24 

May 26 

May 29 

May 16 

May 17 

Channel 
No. 2 

May 18 

May 21 

May 30 

May 31 

June 1 

May 27 

May 26 
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Lengths prior to flow control averaged 29.30nun, while after 

control was implemented, lengths have averaged 29.60nun. 

TABLE 8: Mean length in nuit~ of sockeye fry migrating from the 
Fulton River System to Babine Lake. 

Mean Length (nun) 
Fry 
Year 

Fulton Channel Channel 
River No-. l No. 2 

1964 30.30 

1965 28. 20 

1966 29.33 29.05 

1967 29.40 28. 97 

1968* 29.33 29.76 

1969 29.75 30.23 

1970 29.89 28.94 30.45 

1971 29.84 29 .2 7 30.15 

1972 29.42 29.30 29.94 

1973 29.11 29.29 29.36 

1974 29.83 29.45 30. 28 

1975 29.99 29.18 30.05 
1976 29.21 28. 89 29.90 

Average 29.51 29.26 30.02 

1970-76 Average 29.61 29.19 30.02 

* Beginning of flow control. 
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Average annual mean weight from 1964 to 1976 was 

152.74mg (Table 9) while the average pre-development weights 

of 153.23mg and average post-development weights of 152.53mg 

are similar. 

TABLE 9: Mean weight in mg. of sockeye fry migrating from 
the Fulton River System to Babine Lake. 

Mean Weight (mg) 
Year 

Fulton Channel Channel 
River No. 1 No. 2 

1964 160.00 

1965 15 o. 00 

1966 148.17 14 7. 24 

1967 154. 75 138.47 

1968* 146.90 140.05 

1969 172. 24 176. 6 8 

1970 142. 6 7 127. 89 149.45 

1971 150.45 139.79 150. 2 8 
1972 149.76 148.76 146.69 

1973 154.24 155.04 148. 2 3 

1974 153.02 156.16 147.09 
1975 14 8. 55 147.97 153.40 

1976 154.96 139.45 143.44 

Average 152.74 147.05 14 8. 37 

1970-76 Average 150.52 145.01 148.37 

* Beginning of flow control. 

Data for comparing stage of development at migration 

between pre- and post-development periods is lacking. There is 
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an indication from high Kn values (Table 10), that in 1966 and 

1967 fry migrated prematurely, and it is probable that with un­

controlled discharge, alevins were scoured from the river gravel 

by high water velocities. Indices below 1.80 indicate that fry 

were more mature at the time of migration. Controlled flow, 

which limits·· water velocities, will allow developing alevins 

additional time in the gravel to mature without the possibility 

of being washed downstream. An example of the effect of freshet 

timing on the fry development at the time of migration is 

realized when comparing Kn values in 1972, 1973 and 1976 with 

those in other years. When spring freshet is delayed or pro­

longed until early June, Kn values approximate 1.75. Values 

ranging above 1.80 are associated with early freshet or high dis­

charge. 

A comparison between river and channel fry indicates 

definite spatial and temporal differences in quality at migration. 

Comparing annual mean lengths and weights from 1966 to 1976 

(Appendix Tables V to XIII), indicates that river fry were longer 

and heavier than Channel No. 1 fry with the exception of 3 years. 

In 1968, 1969 and 1973 Channel No. 1 fry were larger. 

These data require some clarification as a result of 

differences in migration timing. In most years fry migration 

from Channel No. 1 is approximately one week later than from the 

river. Accordingly, where river fry appear larger than channel 

fry during the peak migration in the river, channel fry are just 

beginning their migration. For example, in 1967 (Fig. 24), the 

river migration was 70 percent complete while the channel migration 
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TABLE 10: Mean developmental indices of sockeye fry migrating 
from the Fulton River System to Babine Lake. 

Mean Development Index (Kol 
Year 

Fulton Channel Channel 
River No. l No. 2 

1966 1. 80 1.81 

1967 1. 82 1. 78 

1968* 

1969 

1970 1. 74 1.74 1.74 

1971 1. 78 1.77 1. 76 

1972 1. 80 1. 81 1. 76 

1973 1.84 1.83 1. 80 

1974 1. 79 1.83 1. 74 

1975 1. 76 1.81 1. 78 

1976 1. 83 1. 79 1. 76 

Average 1. 80 1. 80 1. 76 

1970-76 Average 1. 79 1. 79 1. 76 

* Beginning of flow control. 

had only reached 5%. If individual lengths and weights are 

compared between fry of the two sources when each group exceeds 

70 percent migration, it is evident that quality differences 

do not exist in most years, (Table 11, Appendix Tables V to 

XIII). However, in 1970 and 1971, significant differences ex-

isted both in length and weight between fry of the two sources 
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TABLE 11: SUillllary of annual mean lengths, weights and developmental indices, their difference and statistical significance of sock.eye fry in paired 
samples from Fulton River and Channel No. 1. 

Sall!ple Mean 
s2 61 Mean 61 Index s2 61 Date N Length u z p Weight s2 u z p 

Location 
(mm) 

(mm) 
(mg) 

(mg) (Kn) (Kn) u z p 

River 1966 651 29.33 2.97 .28 81b .05 148.17 395.42 .93 84b >.as 1.80 .008 -.01 81.5b >.05 
Chan.l 702 29.05 4.04 147.24 799.61 1.81 .008 

l.36c <.01 2.02c <.01 1.0IJC >.01 

River 1967 1890 29.40 1.53 .43 454.oh -2.1s4 .0020 154.75 500.79 16.28 22s.oh -5.132 0 1.82 .005 .04 255.5h -4.846 0 
Chan.1 1890 28.97 2.07 138.47 599.73 1. 78 .004 

1.35c <.01 l.2oc <.01 i.2sc <.01 

River 1970 1449 29.89 1.50 .95 32b -6.042 0 142.67 455.85 14.78 24b -6.166 0 1. 74 .002 0 30lb -1.858 .0316 
Chan.! 1450 28.94 1.89 127.89 413.74 1.74 .005 

1.26C <.01 1.1oc <.01 2.50" <.01 

River 1971 950 29.84 1.43 .57 74b <,001 150.45 383.66 10.66 41b <.001 1.78 .005 .01 165.5b >.05 
Chan.! 950 29.27 1.65 139.79 453.16 1.77 .005 l11 

1.1sc <.01 1.1ec <.01 1.ooc >.01 
..., 

River 1972 BOO 29.42 1.69 .12 ugh >.os 149. 76 329.35 i.oo 125.5b >,05 1.80 .004 -.01 124b >,05 
Chan.! 800 29.30 2.01 148.76 465.26 1.81 .005 

l.19c <,01 1.4lc <.01 1.25c <.01 

River 1973 797 29.11 2.:i4 -.18 116b >.as 154.24 385.02 -.so 126b >.OS 1.84 .006 .01 112.5b >.05 
Chan.l 800 29.29 1.69 155.04 545.00 1.83 .006 

.l.llc <,01 1.42c <,01 l.OOc >.01 

River 1974 400 29.83 2.54 .38 25b >.os 153.02 559.98 -3.14 17b >.os 1.79 .008 -.04 11.5h >.OS 
Chan.l 550 29.45 2.05 156.16 419.17 1.83 .006 

l.24C <,01 l,34C <.01 l.3JC <.01 

River 1975 44B 29.99 1.9B .Bl s.ob 0 p <.001 148.SS 482.98 .ss · 10.ob >.OS 1.76 .oos -.05 27.Sb >.OS 
Chan.! 500 29.18 2.72 147.97 778.92 1.81 .008 

l.37c <.01 1.61c <,01 1.60c <.01 

River 1976 500 29.27 2.38 .39 2oh .117 154.93 399.32 4.42 4b .001 1.83 .007 -.03 17b .065 
Chan,1 494 28.88 1.97 139.11 360.54 1.79 .006 

1.21c 1.llc <,01 l.17c <.01 

River, river samples; Chan.l, spawning channel rx:a. 1 samples; N, number of fry in sample; s2 , variance of the mean; 
~i, difference between means of parameter (R-1)~ U,Z,P, statistics of the Mann-"1hitney test. 

b Test on sanple means, nl • nt • 8. 

c Test on homogeneity of variances. 



53 

as channel fish were definitely smaller (Fig. 25 & 26). Inferior 

gravel quality was the probable cause for the difference. In the 

summer of 1970 the gravel was removed and cleaned, but fry quality 

did not improve until 1972. One can only speculate as to the 

reasons for the lack of response in 1971. 

Early entry into Babine Lake by river fry is of minor 

significance provided that adequate yolk reserves allow river 

fry time to maintain themselves until adequate food supplies are 

available. Apparently, Fulton fry can withstand approximately 

two weeks o.f starvation before mortalities increase significantly 

(Paine, 1971; Bilton and Robins, 1973). However, Bilton suggests 

that even though most fry would be capable of surviving a period 

of starvation of up to four weeks, a large mortality could occur 

even after food became plentiful in the lake. Thus it would 

appear that unusually early .spring runoff and early pre-emergence 

in the river may seriously affect the survival of river fry. 
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Figure 25: Average lengths in mm, average weights in mg, and 
average developmental indices of Fulton River, 
Channel No. l and Channel No. 2 fry at intervals 
during the 1970 spring migration. Also shown is 
the progress of the runs in time. 
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Figure 26: Average lengths in mm, average weights in mg, and 
average developmental indices of Fulton River, 
Channel No. 1 and Channel No. 2 fry at intervals 
during the 1971 spring migration. Also shown is 
the progress of the runs in time. 
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EVALUATION OF SPAWNING CHANNEL NO. 1 

Introduction 

With approval of the development project on Babine 

Lake early in 1965, construction of Spawning Channel No. 1 was 

completed at Fulton River in October, 1965. This late completion 

date and the lack of a natural spawning population at the time, 

necessitated the requirement to collect 1.2 million sockeye eggs 

from natural Fulton River spawners, and incubate them to the 

eyed egg stage prior to placement in the channel at the end of 

November. An 82% survival was obtained from this artificial 

plant. Natural spawning has occurred in Channel No. 1 since 

1966. The natural production from this facility was expected to 

be approximately 40 percent egg to fry survival. 

This section of the report provides a descriptive 

evaluation of the performance of Channel No. 1 from the first 

year of natural adult entry (1966) to the 1975 brood year and 

its associated fry production. Emphasis is placed on quality 

of the artificially produced fry, fry production and other 

biological and physical characteristics related directly to the 

channel. 

Operational History of Channel No. 1 

The channel's first natural operational year was 1966 

when approximately 18,800 spawners entered the channel. Adult 

entry in that year was prolonged due to high river flows creating 
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a greater attraction for upstream migration into the river 

(Table 12). In 1969, adult entry into the channel was also pro­

lunged, but this was due to problems encountered in loading 

Channel No. 2. Only small numbers of fish were allowed to 

migrate upstream from the river enumeration fence thus creating 

a lengthy loading time in Channel No. 1. Simular problems were 

encountered in 1970 and 1971. Since then, reduced flows in the 

river and easier manipulation of adult spawners through the 

river enumeration fence has enabled rapid loading of Channel 

No. 1. 

Spawners returning from 1966 to 1971 entered the 

channel throughout the migration period which normally was more 

than 30 days in duration. Studies in 1971 (Ginetz), suggested 

that superimposition created by successive spawning waves in 

the channel lead to high egg mortality. Therefore in 1972, 

loading time was reduced to eliminate the wave spawning. This 

was accomplished by selecting the more mature portion of the 

adult run to enter the channel. 

Declining egg to fry survival rates from 1965 to 

1970 prompted the removal, cleaning and replacement of the 

gravel in 1970. Intensive gravel scarification, an annual main­

tenance priority, has been conducted since 1971 with moderate 

success. 
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TABLE 12: Adult loading time (in days) for the Fulton River 
and Pinkut Creek spawning channels. 

YEAR Channel Channel Pinkut 
No. 1 No. 2 Channel 

1966 51 

1967 24 

1968 32 32 

1969 49 30 63 

1970 37 30 19 

1971 36 38 53 

1972 10 41 41 

1973 4 36 18 

1974 20 24 35 

1975 3 20 12 

Adult Sockeye Program 

Sampling Technique 

Adult counts into Channel No. 1 are presently obtained 

with the aid of a temporary V-shaped broomstick fence located 

at the outlet of the facility. Enumeration occurs daily but only 

during daylight hours. In 1966 and 1967 a wire mesh panel fence 

and counting strip was used. Counts were made as adults passed 

over a white counting board. However with the fence panels 

raised, significant downstream migration out of the channel created 

a loading and enumeration problem. The V-shaped fence was in­

corporated in 1968 to alleviate this problem. A portion of the 

adults are sampled for sex, age, lengths, fecundity and egg re-

tention. 

Population Characteristics 

The spawning populations in Channel No. 1 have ranged 

from 12.5 to 26.0 thousand sockeye for the period 1966 to 1975 
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(Table 2). The original loading density selected was 1.25 sq. 

yds. per female and was employed up to and including the 1973 

brood stock year. In 1974 and 1975 loading was reduced to 1.5 

sq. yds. per female, after it became apparent that egg to fry 

mortalities were density dependent. 

Age compositions of spawners in Channel No. 1 is 

similar to that described for the Fulton River stock in that a 

cycle is apparent between age 42 and 52 adults. 

Jack sockeye populations in Channel No. 1 have ranged 

from 9,184 in 1966 to 719 in 1967. Again, the 32 component of 

the spawning population has increased but not unexpectedly. Rea­

sons for the increase were described earlier. Escapement to 

Channel No. 1, although not necessarily originating from Channel 

No. 1 brood stock, approximated 22 percent in 1972 and 1973, and 

40 percent in 1974 (expressed as a percentage of the total Fulton 

jack escapement). 

Egg Deposition and Retention 

Results (Fig. 27) support the view that egg retention is 

a function of potential egg deposition or spawner density. Except 

for two spawning populations, egg retentions have been minimal 

suggesting that in most years spawning populations did not reach 

levels where spawning efficiency was affected. In 1968, potential 

deposition exceeded 60 million eggs and the corresponding egg re­

tention of 5.1 percent indicated that populations of such magnitude 

experience difficulties in complete spawning. High numbers of 

spawners per unit area not only lead to high retentions but may 

also result in poor fry quality as well as low egg-fry survival 

rates. 
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Figure 27: Relationship between potential egg deposition and 
percent egg retention in Spawning Channel No. 1 at 
Fulton River. 

Sockeye Fry Program 

Enumeration Technique 

Assessment of fry production from Channel No. 1 was 

conducted utilizing two series of fan traps with attached live 

boxes (Fig. 28). One series of six traps, located below the in-

take regulating structure in the channel, served to collect river 

fry migrating through an intake tunnel into the channel. This 

was necessary to evaluate the survival and quality of channel fry 

production. A second series of five traps, located at the 

channel outlet, functioned to capture total channel production. 

The fan traps (Fig. 29) constructed of perforated 

aluminum, in a tapered-folded design, provide for a maximum water 



Upstream view of upper 
fan traps. Note transport 
pipes leading to live 
boxes. 
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Upstream view of fan trap 
taper. 

Bownstream view of 
fan trap throat. 

Figure 28: Perforated aluminum fan traps used for enumerating 
fry production from Channel No. 1 at Fulton River. 
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screening surface capacity of 25 cfs and mortality free passage 

of migrant fry. Another feature of the trap is that the folded 

floor provides for minimum debris and fry impingement. Fry 

migrate along the solid v-shaped troughs, through a six inch 

pipe to an adjoining live box, from which fry are removed and 

enumerated. 

Figure 29: Schematic diagram of individual fan trap displaying 
perforated aluminum and tapered folded design. 

Considerable effort was directed towards reducing ex-

cessive handling of migrant fry on any sampling day which in 

1967 exceeded 17 million of a total of 25 million fry during a 

season. A subsampling technique developed in 1968 reduced 

handling to less than 500,000 fish. The method involved insert-

ion of a sock, three .feet ·in length and const.ructed- of a ·marqui­

sette bag and metal insert, into the outlet of the six inch pipe 
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connecting the fan trap to the live box. Samples were collected 

for one minute out of every 10 minutes and the "sock" count was 

then multiplied by 10 to arrive at an estimate of fry migration 

for a 10 minute period. When excessive numbers of fish (200 -

300) were trapped, a volumetric procedure, incorporating a con­

version factor of 5 to 6 fry per ml was used to estimate total 

migration. 

The daily sampling period normally occurred over a four 

hour period, from 2300 to 0300 hours. Each trap was fished one 

minute out of 10 throughout the four hours. From 1969 to 1974 

sampling as described above was conducted on alternate days. On 

other days, sampling was conducted for three consecutive catch 

periods, during the time when up to 30 percent of the total 

nightly migration passed through the fan traps. The catchability 

during the sampling period, determined from the previous evening 

when intense sampling was conducted, provided an estimate 

approximating 98 percent accuracy. Comparable catchability co­

efficients from six consecutive years of sampling data, provided 

the basis for a reduced sampling effort in 1975 and 1976. The 

procedure of sampling for three secessive 10 minute periods during 

peak migration once every three days provided a production estimate 

considered to be within 95 percent accuracy. 

Details of the calculation process for determining 

nightly production from Channel No. 1 are presented in Appendix 

Tables XIV & XV. The time expansion established from the night of 

June 2 - 3, 1972 and applied to the night of June 4 - 5 exemplifies 

the estimation process. 
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Fry Production and Egg to Fry Survival 

Average fry production from Channel No. 1 from 1966 

to 1975 approximates 17.1 million while egg to fry survival 

averaged 47.7 percent (Table 13). The highest production from 

the channel was 24.7 million fry to 1969 while lowest production 

was 5.9 million in 1970. Survival rates have exceeded.the design 

level (40 percent) in all but two years. Survival rates declined 

from 1966 to 1969 probably as a result of gravel deterioration. 

The quality of the gravel was improved in the summer of 1970 and 

since then, survival rates have exceeded 40 percent in all but 

one year. Although gravel quality is important in maintaining 

high production and egg to fry survival rates, other factors play 

an equally important role. For example, recent studies (Ginetz, 

TABLE 13: Channel No. 1 sockeye fry.production from 1966 to 1976. 

Egg Fry 
Brood Deposition Production Survival Fry 
Year (millions) (millions) (%) Year 

1966 36.9 25.5 69.1 1967 

1967 32.8 16.0 48.9 1968 

1968 57.7 24.7 42.7 1969 

1969 27.8 5.9 21.3 1970 

1970 43.3 13.4 31.0 1971 

1971 39.4 20.0 50.7 1972 

1972 44.6 23.2 52.1 1973 

1973 34.3 15.0 43.7 1974 

1974 23.6 15.0 63.5 1975 

1975 23.5 12.7 54. 0 1976 

Average 36.4 17.1 47.7 
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1972) indicated that as many as four individual waves of spawners 

constructed redds on the grounds and on many occasions redd 

superimposition occurred. The approach taken to eliminate super­

imposition was to minimize spawner loading time (Table 12) and re-

duce the spawning densities. 
"---~~~~~~~~~~~~~~~~ 
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Figure 30: Regression of sockeye egg to fry survival on actual 
egg deposition in Channel No. 1 at Fulton River. 

As in Fulton River, egg to fry survival appears to be 

density dependent. 'Although the negative regression of egg to 

fry survival on egg deposition is not statistically significant 

(Fig. 30; P > .10), there is a trend indicating that as egg 

deposition increases, egg to fry survival decrease. Thus, the 

data suggests that an above optimum density of spawners would 
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reduce the production efficiency. The positive regression of 

fry production on deposition is significant (Fig. 31; P ::: .025), 

indicating that production for Channel No. 1 increases as egg 

deposition increase. This data does not provide a good indication 

of the optimum level of egg deposition for the channel. Egg 

depositions approximating 24 million have resulted in egg to fry 
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Figure 31: Regression of sockeye fry p~oduction on actual egg 
deposition in Channel No. 1 at Fulton River. 

survivals ranging from 50 to 60 percent. The corresponding 

60 

female spawning density at these survival rates approximate 1.40 

sq. yds. per female. A reduction in female spawning area results 

in a significant decrease in egg to fry survival as indicated by 

the positive regression of egg to fry survival on female spawning 
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area (Fig. 32; P S .05). Fry production from an egg deposition 

of 23.5 million approximates 14.0 million or about 1,700 fry per 

female spawner. Higher deposition results in a higher fry pro-

duction and significant decline in production per spawner. The 

data on egg deposition, egg to fry s~rvival and female spawning 

density suggests that low survivals accompanied by small incre­

mental increases in fry production from high egg deposit~ons will 

result in inefficient production and a waste of adult spawners 

that could be exploited in the commercial fishery. 
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Fry Migration Timing 

Fry migration timing from Spawning Channel No. 1 

varies from year to year, and as in Fulton River there has been 

a gradual shift in peak migration to the earlier portion of the 

spring season (Table 7). Due to the location of the channel, 

flows are influenced to a certain degree by those in Fulton 

River. Data collected from 1967 to 1976- (Fig. 23) indicates that 

migration was directly influenced by water temperature. 

Apparently water entering the channel increases in temperature 

over its length thereby initiating fry emergence. Also it appears 

that migration increases rather sharply when average daily or 

weekly water temperature exceeds 4°C. In all operational years, 

peak fry migration from the channel was later (1 week) than from · 

the river. Since egg deposition occurred at approximately the 

same time in both the river and channel, high discharge in the 

river is probably the single reason for the earlier river 

migration. 

Fry Quality 

Average length of Channel No. 1 fry has ranged from 

30.23 in 1969 to a low of 28.89 in 1976 (Table 8). In most years, 

average length falls in the 29 mm. range which is comparable to 

river fry. Similarly, the long-term average of 29.26 mm. is com­

parable to the 29.51 mm. recorded for river fry. Average mean 

weight of channel fry is 147.05 mg. (Table 9), slightly less than 

the 152.74 mg. recorded for river fry. Development of channel 

fry at the time of migration is also comparable to that of river 

fry (Table 10). As indicated earlier, channel fry migrate 
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approximately one week later than river fry and generally arrive 

at Babine Lake when levels of food abundance should be increasing. 

Channel No. 1 fry in 1970 and 1971 were distinctly 

shorter and weighed less than river fry (Fig. 25 & 26). The 

quality adjustment relative to migration timing indicates that 

the differences between the two sources were real. Reasons for 

these differences can not be explained. In other years, quality 

when adjusted to migration timing, appears similar to river fry 

(Appendix Tables V to XIII). 
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EVALUATION OF SPAWNING CHANNEL NO. 2 

Introduction 

Spawning Channel No. 2, designed to produce 70 

million fry per year (based on 70,000 females x 2,500 eggs per 

female= 175 million eggs x 40 percent survival= 70 million 

' fry) was constructed in two stages and not completed until 1971 

when it was fully loaded. Fry production and egg to fry sur-

vi val rates have been below expectations -for several -reas6ns. 

High adult loading densities, and more recently, poor gravel 

quality are the primary cause of low production efficiency. The 

immense area of spawning gravel has created problems associated 

with cleaning (costs) and with maintaining proper loading 

densities in various sections of the channel. Once these prob-

lems are overcome, production and survival rates should exceed 

original expectations. 

This section of the report describes the performance 

of Channel No. 2 from its first operational year (1969) to the 

1975 brood year fry production. Fry quality, fry production, 

egg to fry survival and other biological and operational aspects 

will be discussed. 

Ope_:i;ationaf lfistory or Channel No. 2 

The first stage of Channel No. 2 was operational in 

the fall of 1969. Difficulties were encountered with adult entry 

and migration in the channel. Apparently, some minute, but 

significant water quality difference existed between river and 
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channel water which inhibited movement into the channel. Small 

amounts of river water ( 1 cfs) introduced by gas-driven water 

pumps, into the channel provided the stimulus needed to elicit 

a migration response. Strategic placement of these pumps en­

abled adults to migrate into all channel legs but spawning distri­

bution was very unequal. The result was severe overspawning in 

some areas and under-utilization in others. This problem, occur­

ring from 1969 to 1972, was minimized with the installation of a 

large submersible electric pump (8 cfs cap.) in the river to pump 

river water into the channel. 

In 1972, jack sockeye originating from the 1969 channel 

production entered the channel without hesitation. Returning 

adults in 1973 entered the channel without hesitation. In recent 

years, as the percentage of adults originating from channel brood 

stock increased, river water was not required to load the channel. 

In fact in 1975, approximately 70 percent of returning adults 

homed to the channel to spawn. This behavior may indicate that 

in time the genetic composition of the Fulton River stock may con­

sist almost entirely of Channel No. 2 fish. By effectively pro­

portioning the returning adult stocks such that equal numbers 

spawn in all locations, the genetic integrity, although greatly 

diversified, will still contain some natural river stock. 

The length and size of Channel No. 2 created signif­

icant heat loss in the winter and resulted in icing problems. 

In 1970-71, anchor ice formations occurred in the lowermost 

sections of the channel and resultea in high alevin mortalities. 

Although the temperature of water entering the channel approxi­

mated +2°C., water exiting the channel some three miles downstream 
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was 0°C. The scouring that resulted from ice dams was eliminated 

by increasing the normal discharge of 100 cfs to 140 cfs during 

the cold periods. The increase in discharge reduced the rate of 

heat loss and increased the temperature of water leaving the 

channel to 0.25°C. This procedure has been adapted and applied 

whenever air temperatures approach -20°C. 

Large algae blooms (Ulothrix sp.) occurred in the 

months of May and June and posed problems both to emerging 

alevins and fry, and to incubating eggs. In early years, the 

uppermost legs of the channel became completely matted with algae 

growths resulting in suffocation and entrapment of juvenile fish 

attempting to migrate downstream. This algae eventually died 

leaving a highly eutrophic environment for incubating. eggs. 

Gravel scarification programs have been implemented annually and 

the problem, although reduced, still results in significant 

mortalities to developing eggs, particularly in the upper eight 

legs where the algae effect is most significant. 

The algae problem appears to result from a combination 

of factors such as water temperature, sunlight and high nutrient 

enrichment from lake water and decomposing algae and eggs. In 

addition to gravel scarification, trees were planted along all 

berms to reduce the sunlight and provide a cooling effect during 

summer months and a warming effect during winter months. 

Adult Sockeye Program 

Sampling Technique 

Adult counts are obtained daily at the main enumeration 

fence which spans both the river and the downstream entrance of 
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Channel No. 2. In the initial years of operation, all fish 

migrating to the fence were diverted into the channel but more 

recently only the fish migrating at the peak of the run were 

allowed entry into the channel. Individual counts by sex are 

made throughout the channel at the entrance of each reversing 

loop (legs 1 & 2, 3& 4, etc.) to control loading densities with­

in 10 controlled areas. Loading density will remain constant 

from year to year or may be varied within the channel depending 

on gravel quality, timing and adult maturity. For example, in 

1975 channel legs one to eight were loaded at a density exceeding 

1.75 sq. yds. per female due to poor gravel quality. Cleaner 

areas characterized by consistently high survivals were loaded to 

densities of 1.25 sq. yds. per female. 

Adults are sampled for sex, age composition, fecundity, 

lengths and retention at the main fence on three occasions during 

the migration and die-off period. Equal sample sizes are obtained 

to maintain a standardized analysis. 

Population Characteristics 

Spawning populations in Channel No. 2 have ranged 

from 23,700 adult fish in 1969 to 115.5 adults in 1971 (Table 2). 

The low spawning populations in 1969 and 1970 were primarily due 

to a reluctance by the fish to enter the channel and also because 

only one half of the channel was completed for production pur­

poses. 

Age compositions of returning adults is similar to 

that for the Fulton River stock in that 42 adults dominate the 

runs in most years with a reversal occurring every fourth year. 
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Sex ratios vary as years of high female return are followed by 

a near equal 50:50 sex ratio. In Channel No. 2 and the entire 

Fulton system, high female returns occur on even years while 

equal ratios occur on the odd year. Furthermore, low adult male 

returns occur in years of high jack returns. In 1974 the total 

jack population in Channel No. 2 (82,326) exceeded the total 

adult spawning population (62,397). The consistent pattern in 

female and male sex ratios from year to year is now a useful 

total in managing the channel operation. 

Egg Deposition and Retention 

In Channel No. 2 egg retention, a measure of complete 

spawning, does not increase significantly with increases in 

potential egg deposition (Fig. 33) • Since retentions have yet to 

exceed two percent even at the highest density, it appears that 

excessively high spawning densities have not occurred in this 

channel. By comparison, data from both Fulton spawning channels 

indicates that retentions in Channel No. 2 are lower than for 

Channel No. 1. Reasons for these peculiar results may be 

attributed to the sampling procedure. In Channel No. 1, samples 

from the entire population are obtained from the enumeration fence 

at the channel exit. Samples in Channel No. 2 are obtained only 

from fish spawning in the upper two legs of the channel arid not 

from the entire population. As mentioned earlier, the upper section 

of the Channel No. 2 is loaded at a reduced density compared to 

lower sections. This variation in sampling procedure may account 

for the low egg retentions recorded for Channel No. 2. A more 

complete sampling program is required to fully assess egg retention 

in Channel No. 2 spawning populations. 
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Figure 33: Relationship between potential egg deposition and 
percent egg retention in Spawning Channel No. 2 
at Fulton River. 

Sockeye Fry Program 

Enumeration Technique 

Fry enumeration in Channel No. 2 began in 1970 on 

the production from the 1969 brood stock. The converging throat 

trap technique was used to assess fry production. The enumer-

ation facilities, at the bottom end of the channel consist of 

three converging throat traps in each of two outflow bays. The 

traps, each with an opening width of 9.0 in., sample l/7th of 

the bay width. In each bay, the middle trap serves as the index 

trap. The trapping procedure is similar to that for the river 

in that time checks and area checks are made from one to three 

times a week. A standard breakdown of the catches, along with 

time and area calculations is provided in Appendix Tables XVI to 

XVIII. Fish handling has been less than one percent. 
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The overall technique based on the assumption of an 

even distribution of migrants across the width of the sampling 

bays was thought to provide a fairly accurate estimate of total 

migration through an individual bay. In recent years, sampling 

with horizontal and vertical ladders has indicated that fry tend 

to migrate along the bay walls. This error plus individual trap 

efficiency checks indicated that an ~djustment of the nightly 

estimate upwards to six percent would better reflect the actual 

daily night fry migration. From these findings, it appeared 

appropriate that all production estimates be adjusted accordingly. 

Fry Production and Egg to Fry Survival 

Production from Channel.No. 2 for the 1969 to 1975 

brood years has averaged 58.l million fry (Table 14). Largest 

output occurred for the 1971 brood and it totalled 82.2 million. 

Egg to fry survival for the same period averaged 44.2% which is 

slightly above design expectations. However, survivals lower 

than design expectations on a number of years lead to studies 

(Ginetz, 1972) which indicated that large egg mortalities occurred 

early in the incubation period. These mortalities appeared to 

occur during the spawning period, suggesting that mortality could 

be attributed to superimposition of redds from wave spawning. 

Compounding the spawning effect, algae growth and decay within the 

upper portions of the channel has created a eutrophic environment 

which could create a high biological oxygen demand in those areas. 

Low survivals in these areas may be partially due to suffocation 

from a lack of oxygen. A varied gravel composition in the channel 

could also account for the high mortalities. Because of an in­

adequate supply of gravel in the size range l to 2.5 in., legs 
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l to 8 contain gravel consisting of large proportions of small 

and large sizes but lacks any substantial amount in the medium 

size range. Perhaps egg mortality in the upper portion of the 

channel is due to compression resulting from high intragravel 

velocities. 

The approach taken in recent years to increase 

survival rates has been to reduce loading times and distribute 

spawners more evenly within the channel. The cost has been 

the only factor preventing gravel cleaning or replacement. 

TABLE 14: Channel No. 2 sockeye fry production from 1970 to 1976. 

Egg Fry 
Brood Deposition Production Survival Fry 
Year (millions) (millions) (%) Year 

1969 35.0* 25.4 72.5 1970 

1970 101.7* 37.3 36.7 1971 

1971 175.2 82.2 46.9 1972 

1972 220.4 69.9 31. 7 1973 

1973 168.7 75.0 45.l 1974 

1974 132. O* 48.5 36.7 1975 

1975 171. 6 68. 6 40.0 1976 

Average 143.5 58.l 44.2 

*Only upper half of channel utilized by spawners. 

Analysis of Channel No. 2 egg depositions, fry pro-

duction, and survival rates, indicate that the main mortality 

factor during incubation appears to be density dependent. The 

negative regression of egg to fry survival on deposition is 

significant (Fig. 34; p ::;; .05). Also the regression of survival 

on spawning area per female is significant (Fig. 35; p ::; .005). 

The data from these regressions indicate that spawner density 

which is directly related to deposition is a dominant factor in-

fluencing fry production from Channel No. 2. 
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Figure 34: Regression of sockeye egg to fry survival on actual 
egg deposition in Channel No. 2 at Fulton River. 
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Figure 35: Regression of sockeye egg to fry survival on spawning 
area per female in Channel No. 2 at Fulton River. 
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The data indicates that at an area allotment of 1.50 sq. yds. 

per female or a female population density of 58,000, survivals 

will fluctuate around 45 percent. Higher survivals may require 

increasing the area allotment to over 2.0 sq. yds. per female. 

The positive regression of fry production on egg 

deposition is also significant (Fig. 36; p :5 • 05) • The data 
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Figure 36: Regression of sockeye fry production on actual egg 
deposition in Channel No. 2 at Fulton River. 

from the regression suggests that beyond a deposition of 200 

250 

million eggs, fry production does not increase, and that optimum 

production results from depositions approximating 175 to 180 

million eggs. This egg density could be achieved from approxi-

mately 58,000 females at an area allotment of 1.50 per female 
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spawner. Over the long term, larger female escapements would 

not result in significant gains in production. 

An obvious difference exists in the optimum spawner 

densities between Channels No. 1 and No. 2. Channel No. 1 

appears to function best when the area allotment per female 

spawner approximates 1.40 sq. yds. The area allotment in Channel 

No. 2 is 1.50 sq. yds. per female. Perhaps the difference is 

related to the physical differences between the channels. Perhaps 

larger groups of spawners in Channel No. 2 interact and effect 

more individual spawning acts than do the smaller populations in 

Channel No. 1. Also when sockeye stocks migrate to interior 

streams to spawn, wave spawning will occur because all spawners 

do not arrive on the grounds simultaneously. However, the effect 

of wave spawning may be tempered by lowering spawning densities 

and reducing the loading times. 

Fry Migration Timing 

Fry migration timing from Spawning Channel No. 2 varies 

from year to year; however, peak migration has occurred in late 

May or early June since 1972. In all years, migration timing 

correlates well with water temperature and appears to accelerate 

sharply when average weekly water temperatures exceed 4°C (Fig. 23). 

Comparing fry migrations among the three spawning areas 

in the Fulton System, fry from Channel No. 2 migrate approximately 

two weeks later than river fry do, and about one week later than 

fry from Channel No. 1 (Table 7). One reason for the migration 

timing difference between the channels is related to egg deposition 

timing. Peak spawning in Channel No. 2 differs by approximately 
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7 to 10 days from that in Channel No. 1. For example, in 1974 

and 1975, Channel No. l was completely loaded well in advance 

of Channel No. 2. Additionally, loading time in Channel No. 2 

occurs over a 3-week period while in Channel No. l loading can 

be completed in less than one week. 

Fry Quality 

Fry from Spawning Channel No. 2 display significant 

quality differences when compared to Fulton River (Table 15) or 

Channel No. l fry (Table 16). Annual mean fry length of Channel 

No. 2 fry is consistently larger than Channel No. l fry (Fig. 37 

to 41, Appendix Tables XIX to XXV), Channel No. 2 fry are more 

mature. Similar results occur when comparing Channel No. 2 with 

Fulton River fry (Appendix Tables XXVI to XXXII). 

Comparing mean weights among the three sources 

indicates that Fulton River fry are normally heavier than fry 

from either Channel No. l or Channel No. 2. Channel No. 2 fry 

have been heavier than Channel No. l fry in four of seven years. 

The differences in fry quality can be accounted for 

by the extent of yolk conversion occurring in the respective en­

vironments. If fry from all sources displayed the same migration 

timing, one would expect the fry to be of equal size and maturity. 

However, because of the timing differences, it is possible that 

fry from Channel No. 2 may be of superior quality to those of 

Channel No. 1, or the river. If so, Channel No. 2 fry should 

experience a better fry to adult survival rate. Adult returns to 

the Fulton System appear to consist almost entirely of Channel No. 

2 stock, however, this is probably due to a significantly larger 



TABLE 15: Summary of annual mean lengths, weights and developmental indices, their difference and statistical significance 
of sockeye fry, in paired samples from Fulton River and Spawning Channel No. 2. 

Mean 
52 

Ai Mean Ai Index Ai 
Sample Date N Length (mm) u z p Weight 52 (mg) u z p (Kn) 52 (Kn) u z p 

(mm) (mg) 

River 1970 1449 29.89 1.50 -.56 1048 -4.922 0 142.67 455,85 -6.78 1358 -4.440 0 1. 74 .002 0 3.84 8 -.568 .2850 
Chan.2 1450 30.45 7.07 149.45 437 .22 1.74 .004 

4. 11c <.01 l.Q4C <.01 2.ooc <.01 

River 1971 950 29.84 l.43 -.31 11s.sh >.01 150.45 383. 66 .17 166b >.01 1.78 .005 .02 121b >.01 
Chan.2 950 30.15 1.45 150.28 442.91 1.76 .004 

l.01c >.01 l,15c <.01 l.25c <.01 

River 1972 800 29.42 1.69 -.52 35d <,001 149.76 329.35 3,06 89.5d >.OS 1.80 .004 .04 is.sd <.001 
Chan.2 800 29. 94 1.68 146.69 375.09 1.76 .002 

I.Ole >.01 l,!4C <.01 2.ooc <.01 

River 1973 797 29.11 2.24 -.25 83d .05 154.24 385.02 6.01 53,5d .OOl<p<.01 1.84 .006 .04 31 <.001 
Chan.2 792 29. 36 2.23 148.23 361.55 1.80 .008 

1.aoc >.01 1.06c <.01 l,JJC <.01 

River 1974 400 29.83 2.54 -.45 13,se .Ol<p<.05 153.02 559,98 5.93 a.oe .OOl<p<.01 1.79 .ooa .05 s.oe .001 
Chan. 2 550 30.28 1.68 147.09 411.85 1.74 .004 

1.s1c <.01 l.]6C <.01 2.ooc <.01 

River 1975 448 29.99 1.98 -.06 39,of >.05 148.55 482.98 -4.85 40.0 >.05 1.76 .005 -.01 J6.5f >.05 
Chan.2 500 30.05 1.88 153.40 575.52 1.78 .005 

l.osc <.01 l.19c <~01 1.ooc <.01 

River 1976 397 29.27 2.38 -.42 9.se .0085 154.93 399.32 11.39 7.oe .0030 l.83 .007 .07 4• .0010 
Chan.2 500 29.69 1.54 143.53 261.69 1.76 .004 

1.ssc <.01 l.5JC <.01 l.75C <.01 

River, river samples; Chan.2. spawning channel no. 2 samples; N, nuraber of fry in samples; s2. variance of the mean; Ai, difference between the means of 
parameter (River-Chan.2); U,Z,P, statistics of the Mann-Whitney test. 

a n1 • n2 • 29 

b Dt • Dz • 19 

d n1 • n2 • 16 

e n1 • nz • 8 

f n1 • n2 • 9 

c Test on homogeneity of variances. 

00 
N 



TABLE 16: Sununary of annual mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton Spawning Channels No. 1 and No. 2. 

Mean 61 Mean 
s2 61 Index Sample Date N Length s2 u z p Weight u z p 52 hi u z p 

<-> (,..) 
(mg) 

(mg) (Ko) (Ko) 

Chan.! 1970 1,450 28.94 l.B9 -1.51 Jh -6.49J 0 127 .B9 41J. 74 -21.56 2& -6.509 0 1.74 .005 0 J04.5b -LB04 .0356 
Chan.2 1,450 30.45 1.01 149.45 437.22 1. 74 .004 

3,74c <,01 l.06c <.01 1.2sc <,01 

Chan.! 1971 950 29.27 1.65 -.BB 37b <.001 139.79 45J.16 -10.4B 45b <,001 1.77 .005 .01 1J7b >.OS 

Chan.2 950 30.15 1.45 150.2B 442.91 1.76 .004 
l.14c <,01 1.02c <,01 l.25c <.01 

Chan.1 1972 BOO 29.30 2.01 -.64 51& <.001 14B.76 465.26 2.06 96.5b >,05 l.Bl .005 .05 25.5b <.001 
Chan.2 BOO 29. 94 l.6B 146.69 375.09 1.76 .002 

i.2oc >.01 1.24c <.01 2.soc <.01 

Chan.! 1973 BOO 29.29 1.69 -.07 99,5b >.01 155.04 545.00 6.Bl 59b <.01 l.B3 .006 .03 6s.sh OOl<p<.01 
Cban.2 792 29. 36 2.2J 14B.23 361.55 l.BO .OOB 00 

l.J2C <,Ql l.51c <.01 1.JJC <,01 w 

Chan.! 1974 550 29.45 2.05 -.B3 18b .OOl<p<.01 156.16 419.17 9.07 14b <.001 1.83 .006 .09 0 0 
Chan.2 550 30.2B l.6B 147 .09 411.B5 1.74 .004 

l.22c <.01 l.azc <.01 1. 50" <.01 

Chan.1 1975 500 29.lB 2.72 -.Bl 17.0b .025 147 .97 77B.92 -5.4J 32b >.OS l.Bl .OOB .OJ 39,5b >.05 
Chan.2 500 30.05 1.88 154.30.575.52 1.78 .005 

1.45° <.01 l,35c <.01 1.6oc <.01 

Chan.1 1976 494 2B.BB 1.97 -.B2 15.Sb .OOl<p<.01 139.11 360.54 -4.42 27b .05 1.79 .006 .OJ 29b >.05 
Cban.2 500 29.67 1.54 14J.5J 261.69 1.76 .004 

1.2ec <.01 l.J~c <.01 1.soc <.01 

Chan.1, spawning channel no. 1 samples; Chan.2, fi!&vning channel no. 2 aamples; N, number of fry in sample: sz·, variance of the mean; 
Ai, difference between means of parameter (Chan.! - Chan.2); U,Z,P, atatiatics of the Mann-Whitney .test. 

b n1 • n2 • 10. 

c Test on homogeneity of variances, 
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Figure 37: Average lengths in mm, average weights in mg, and 
average developmental indices of Fulton River, 
Channel No. 1 and Channel No. 2 £ry at intervals 
during the 1972 spring migration. Also shown is 
the progress of the runs in time. 
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Figure 41: Average lengths in mm, average weights in mg, and 
average developmental indices at Fulton River, 
Channel No. l and Channel No. 2 fry at intervals 
during the 1976 spring migration. Also shown is 
the progress of the runs in time. 



89 

fry output compared to river or Channel No. 1. An adult mark 

recovery program has provided results which do not indicate any 

significant differences in fry to adult survival among the 

three sources (MacDonald, 1976, pers. comm.). 
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EVALUATION OF PINKUT CREEK FLOW CONTROL 

Introduction 

Biological data has been collected at Pinkut Creek 

since 1963 as part of the overall evaluation of the Babine Lake 

System. The decision to enhance PinRut Creek stocks prompted 

more intensive studies on the system and the results provide a 

good comparison of pre and post development production from the 

natural river. 

Pinkut Creek discharges into Babine Lake in the 

southeast part of the main Babine Lake basin (Figl). The creek 

drainage area is approximately 320 square miles and includes 

three lakes: Taltapin Lake (8.6 sq. miles), Augier Lake (3.7 sq. 

miles) and Pinkut Lake (2.1 sq. miles). Access to salmon is 

limited to the lower 1,200 yards of stream by an impassable falls. 

The runoff characteristics of the Pinkut Creek area 

are similar to those of the Fulton Lake area, with low flows ob­

served in the winter and a flood peak, resulting from snow-melt, 

occurring in June. The autumn floods are less prominent than 

those observed at Fulton. 

Pinkut Creek ranks second to Fulton River as a sockeye 

producing stream tributary to the main lake basin. Sockeye 

salmon populations have ranged from 3.2 to 146 thousand and the 

1949 - 1966 average approximates 33 thousand (Table 1). The 

optimum spawning capacity was estimated to be 15,000 fish in the 

12,000 yards of spawnable area below the falls. Since 1973. 
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adult sockeye were airlifted by helicopter over the falls to 

allow utilization of an additional four miles of spawning area 

in upper Pinkut Creek. The airlift program was conducted to 

compensate for the decline in production from the Pinkut Creek 

spawning channel. Spawner capacity in the upper river, derived 

from aerial and map survey of available spawning gravel was 

estimated to be approximately 40,000 adults. 

Spawning distribution in Pinkut Creek is fairly 

uniform throughout the area below the falls. Above the falls, 

spawner density is related to gradient and gravel composition 

to the extent that fish completely avoid areas of high gradient 

and course boulders. 

Adult sockeye begin entering Pinkut Creek in the 

first week of August. Peak migration does not occur until at 

least the third week of August and peak spawning in Pinkut Creek 

occurs about two weeks prior to the Fulton River peak. As at 

Fulton a small substock spawns in Pinkut prior to larger main 

stock. 

The fry migration begins in late April and peaks in 

the second week of May. Termination occurs approximately two 

weeks later, around June l to 7. 

This section of the report will describe various 

biological and physical changes that have occurred on Pinkut 

Creek as a result of enhancement. 

Spawning and Incubation Water Flows 

Prior to 1968, minimum flows of seven cfs were re­

corded during the spawning and incubation periods. After con-
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struction of the spawning channel, and the associated control 

works on Taltapin Lake, the minimum flow in Pinkut Creek above 

the channel intake is 100 cfs. At the channel intake 50 cfs 

is directed to the spawning channel which is designed such 

that all water circulated through the channel is directed back 

into Pinkut Creek upstream of the main spawning grounds below 

the lowermost falls on the river. Minimum flows of 100 cfs 

are maint~ined in Pinkut Creek during the period August 15 to 

May 15 with the use of rule curves established from stream 

flow metering data. 

Due to the extreme climate; Pinkut Creek undergoes 

extensive icing problems virtually every winter. Heavy scour­

ing from icing occurs and results in significant mortality 

during incubation. Furthermore, spring freshets exceeding 300 

cf s in most years have influenced premature fry emergence and 

appear to affect overall productivity of the system. 

Adult Sockeye Program 

Sampling Tec:!).rrigue 

Adult counts were obtained daily at the enumeration 

fence which spans both the river at its mouth and the downstream 

entrance to the channel. Initially, the policy was to load the 

lower river first and then utilize the remaining stock to load 

the channel. With the introduction of the airlift, the upper 

river was loaded first, followed by the lower river and the 

channel simultaneously. The reason for this was due to 

operational constraints involved in airlifting salmon. The 

channel was used as a collection site for airlifted sockeye con-
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sequently the channel could not be loaded until after the air­

lift was completed. 

Adults were sampled for sex ratio, age composition, 

fecundity, lengths and retentions at the enumeration fence. 

Sampling was conducted at three intervals throughout the spawning 

and migration period, the beginning, midpoint and terminal por­

tions of the overall time period. A total of 300 samples were 

obtained in each sampling series. The only data obtained from 

the upper area was egg retention and this was obtained from dead 

fish on the spawning ground. Data from the fence sampling was 

applied to all three areas as all populations appear homogeneous 

and therefore were assumed comparable. 

Population Characteristics 

The spawning population in Pinkut Creek from 1961 to 

1967 averaged 50,289 with a high of 144,540 in 1964 and a low of 

21,400 in 1963. Thereafter the population size has averaged 

23,811 spawners (Table 2). The decline in escapement results 

from portioning the total system escapement between the spawning 

channel and river. Adult sockeye spawners airlifted to the upper 

river numbered 16,000 fish in 1973, 24,000 in 1974 and 40,100 in 

1975. Jack sockeye airlifted in each year probably approximated 

100 fish. 

In relation to the total Babine System escapement, pre­

channel returns averaged 6.8 percent while post-channel returns 

have averaged 12.4 percent. The increase was required to utilize 

additional area made available by the spawning channel. 

Age composition of returning adults consists pre­

dominantly of 42 fish; however, 52 fish did dominate the runs in 
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1963, 1968, 1973 and 1976. Cyclic dominance of 52 fish does 

not occur every four years, as it does at Fulton. The adult 

male to female sex ratio reverses each year. On even years, 

females dominate the run which also consists of a large com­

ponent of 32 jack sockeye. On the odd year, adult males 

dominate the run but to a lesser degree than when females are 

dominant. 

Pre-channel jack returns to Pinkut Creek (1964 to 

1970) averaged 5.7 percent of the total jack escapement to the 

Babine System (Table 4). Returns to the Pinkut System since 

1971 average 14.0 percent suggesting that increased egg to fry 

survival from the channel has resulted in an increase in jack 

production. The largest return since 1964 was 37,201 jacks in 

1974. 

Egg Deposition and Retention -

Potential deposition in lower Pinkut Creek has 

ranged from a high of 260 million eggs in 1964 to a low of 10 

million in 1969. This data indicates that beyond an egg density 

of 30 million eggs, retention levels increase significantly 

(Fig. 42). An egg retention of 7.1 percent occurred when egg 

deposition exceeded 40 million eggs. Surprisingly, the high 

deposition in 1964 resulted in an egg retention of less than two 

percent. Judging from the remaining data it is very likely that 

this result was inaccurate, consequently it was not included in 

the interpretation. 
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Sockeye Fry Program 

Enumeration Techniques 

Assessment of fry production from Pinkut Creek was 

initiated in 1963 with a hydraulic sampling procedure similar 

to that developed by McNeil (1964). The sampling procedure con-

sisted of sampling approximately 300 sites throughout the 

spawning area and expanding the number of live eggs and (or) 

alevins collected in the sample area into a total fry output 

figure based on the total deposition in the river and the 

spawning area. The production estimates for the years 1963 to 

1965 were not accurate due to the lack of precise deposition and 

spawning data. . Consequently, interpretation of the overall 

data relative to production and survival was based on data 

collected since.1966. 
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Attempts at fry enumeration using a travelling 

vertical sampler were made in 1966 and 1967. This technique 

was ineffective at times of high water and debris. A downstream 

converging throat trap technique similar to the one at Fulton 

was initiated in 1968 in order to provide consistent accuracy 

to fry production estimates. Since then, hydraulic sampling 

has been conducted annually to provide a comparative estimate of 

production and also to provide a backup estimate in years when 

high water limits the effectiveness of the enumeration fence 

sampling. Refinement in the hydraulic sampling technique which 

has included randomized sampling at a much reduced effort has 

provided reliable fry production estimates in recent years 

(Table 6) • 

Fry Production and Egg to Fry Survival 

Prior to implementation of flow control in 1968, pro­

duction from Pinkut Creek averaged 5.8 million and survivals 

averaged 11.0 percent (Table 17). After 1967, average survival 

increased to 14.9 percent, but production declined to an average 

of 2.6 million. The decline in production is due to a reduction 

in egg deposition. 

After completion of the channel, large segments of 

the sockeye run to Pinkut Creek were diverted into the channel 

to increase overall fry production from the Pinkut system. The 

reduced deposition in the river has resulted in a higher egg to 

fry survival. As expected, mortality of eggs and alevins appears 

to be density dependent. For example, the positive regression of 

egg to fry survival on spawning area per female is significant. 



97 

TABLE 17: Pinkut Creek sock:eye· fry production ·frofil 1964 to 1976. 

Brood Deposition Production Survival Fry 
Year (millions) (millions) ( % ) Year 

1963 57.6 11. 0 19.l 1964 

1964 255.7 4.5 2.0 1965 

1965 53.2 6.9 13.5 1966 

1966 24.8 3.7 13.8 1967 

1967 40.9 2.7 6.6 1968 

196 8* 19.0 1.9 10.0 1969 

1969 10.0 1. 8 19.8 1970 

1970 16.5 3.3 19.9 1971 

1971 13.1 2.2 20.7 1972 

1972 21. 5 3.0 16.8 1973 

1973 30.6 3.1 10.l 1974 

1974 30.7 3.0 9.3 1975 

1975 20.6 2.6 12.6 1976 

Natural Flow Average 

5 year 
Average 86.4 11. 0 5.8 

Partial Flow Control Average 

8 year 
Average 20.3 14.9 2.6 

*Beginning of flow control. 
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(Fig. 43; p s .01) suggesting that survival is directly 

related to spawning area available per female sockeye. Also, 

the negative regression of egg survival on egg deposition is 

significant (Fig. 44; p $ .01) indicating that continual in­

creases in deposition will result in a decline in egg to fry 

survival. Accordingly, beyond an optimum level of deposition, 

as measured by egg to fry survival and fry production, increases 

in fry production will be minimal. The positive regression 
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area per female in Pinkut Creek. 
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would result from a spawning population of 9000 females. The 

optimum spawning allotment per female spawner would approximate 

1.35 sq. yds. at this population level. 

Fry Migration Timing 

The timing of peak river abundance fry has varied 

little since 1969 (Table 18). The variation appears to be re-

lated to river discharge (Fig. 46), however, in all years, a 

significant increase in fry migration occurred when average 

weekly water temperatures approximate 4°C or higher. Also when 

high discharge coincides with warm water, one can expect the 

rate of migration to be accentuated. An example of the warm 

water effect on migration occurred in 1975 when migration com-

menced and peaked prior to any large increase in river discharge. 

TABLE 18: Peak timing of sockeye fry migrating from the Pinkut 
Creek System to Babine Lake. 

Location 

Fry 
Year Pinkut Channel Pinkut Creek 

1969 May 20 May 21 
1970 May 20 May 19 
1971 May 28 May 27 
1972 May 31 May 30 
1973 May 29 May 28 
1974 May 25 May 26 
1975 May 20 May 27 
1976 June 2 May 25 

Fry Quality 

The quality of fry produced from Pinkut Creek varies 

from year to year both in length, weight and maturity at migration. 
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Mean length has varied from 28.59 mm. in 1973 to 29.54 in 1976 

(Table 19). Average mean length for the 1969 to 1976 period is 

29.02 mm. Mean weight (Table 20) has varied from 124.70 mg. in 

1970 to 158.97 mg. for 1975, for an· overall-average of 145.78. 

mg. The mean development index (Table 21) has averaged 1.80 

which again reflects premature emergence of fry. In most years 

many river fry are forcefully washed or scoured from the gravel 

by th_e high discharge. cre~ted ·frC?m spring freshet. 

TABLE 19: Mean Length in mm. of sockeye fry migrating from 
the Pinkut Creek System to Babine Lake. 

Year 

1969 

1970 

1971 

1972 

1973 

1974 
1975 

1976 
Average 

Mean Length (mm) 

Pinkut Creek 

29.00 

2 8. 87 

29.29 

2 8. 70 

2 8. 59 

29.12 

29.07 

29.54 

29.02 

Pinkut Channel 

30.47 

28.22 

29.90 

29.64 

29.31 

29.83 

29.34 

29.29 

29.50 

Fry from Pinkut Creek have, with the exception of 

1970 and 1976, been smaller in length than channel fry (Fig. 47). 

Consistent differences in fry weights have not occurred (Table 

22). From 1970 to 1972 river fry were heavier than channel fry 

while the reverse was true in other years. Overall, the 

differences appear to be quite small. In terms of maturity, 
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TABLE 20: Mean weight in mg. of sockeye fry migrating 
from the Pinkut Creek System to Babine Lake. 

Mean Weight (mg) 

Year 
Pinkut Creek Pinkut Channel 

1969 142.43 148.18 

1970 124. 70 113.03 

1971 144.20 138.65 

1972 139.93 135.26 

1973 151. 61 153.03 

1974 152. 85 159.30 

1975 15 8. 97 160.27 

1976 151.54 152.23 

Average 145.78 144.99 

TABLE 21: Mean development indices of sockeye fry 
migrating from the Pinkut Creek System 
to Babine Lake. 

Mean Development Index (kD) 

Year Pinkut Creek Pinkut Channel 

1969 1. 80 1.73 

1970 1.73 1.71 

1971 1.79 1.73 

1972 1.81 1.73 

1973 1. 87 1. 82 

1974 1.83 1.81 

1975 1. 79 1.76 

1976 

Average 1.80 1.75 
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TABLE 22: Summary of annual mean lengths, weights and developmental indices, their difference and statistical significance, 
in paired samples from Pinkut Creek and the Pinkut Spawning Channel 

Sample Hean Lli Hean 6i Index Lli 
Location Date N Length s2 (mm) u z p Weight s2 (mg) u z p (Kn) s2 CKnl u z 

<mm> (mg) 

River 1969 S48 29.00 1.87 -1.47 0 <.001 142.43 269.29 -S.1S 22& .001<p <.01 1.80 .005 .07 6.5h 
Chan. sso 30.47 1.25 148.18 444.43 1.73 .003 

1,45c <.01 l,65C <.01 1.67c 

River 1970 1434 28.87 2.22 .65 211& -3.2S8 .0006 124.70 390.07 11.67 120b -4.673 0 1. 73 .005 .02 268.sb -2.364 
Chan. 14SO 28.22 2.00 113.03 364.39 1. 71 .oos 

l.llC <.01 1,07c <.01 l.ooc 

River 1971 900 29.29 2.22 -.61 109.ob .OS 144.20 330.S7 s.ss 6e.oh <.Oo1h 1.79 .006 .06 31.Sb 
Chan. 900 29. 90 1.87 138.6S 344.19 1.73 .004 

l.19c <.01 l.04c <.01 1.5oc 

River 1972 200 28.70 1.81 -.94 oh .014 139.93 296.56 4.67 3b .100 1.81 .006 .08 .sh 
Chan. 200 29.64 1.96 lJS.26 362.33 1.73 .oos 

l.o8c >.01 1.22c >.01 l.2oc 

River 1973 760 28.S9 3.11 -.72 96.sh .Ol~p<.025 151.61 401.87 -1.42 150.ob >.05 1.87 .010 .05 93.0b 
Chan. 900 29.31 l.8S 153.03 380.78 1.82 .004 

l.68c <.01 l.OJc <.01 2.SOC 

River 1974 493 29.12 2.26 -.72 22.s& .Ol<p<.025 152.85 434.67 -6.4S 27b .05 1.83 .006 .02 Jo.sh 
Chan. soo 29.83 1. 74 159.30 4S3.SS 1.81 .006 

1. JQC <.01 l,Q4C >.01 l.OQC 

River 1975 1000 29.18 2.77 -.14 41.5b >.05 150.54d 386.65 -2.49 4500d -1.221 .1110 l.79d .004 .03 3321.Sd •4.102 
1000 29.32 1.84 153.03 1476.10 1.76 .002 

l.51c <.01 J.82c <.01 2.ooc 

p 

<.001 

<.01 

.0090 

>.01 

<.001 

<.01 

.022 

>.01 

.Ol<p<.025 

<.01 

>.05 

>.01 

0 

<.01 

River, river samples; Chan •• channel samples; N, number of fry in sample; s2, variance of the mean; Ai, difference between means of parameter (R-CH); 
U,Z,P, statistics of the Hann-Whitney test. 

b ni • n2 • 10 

d n1 • n1 • 100 

c Test on homogeneity of variances. 

f-' 
0 
l11 
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river fry are less mature than channel fry at the time of migra­

tion. Therefore one might expect that since river and channel 

fry have the same annual migration timing, river fry would be 

more able to maintain themselves in Babine Lake if plankton 

abundance was low at the time of entry. 
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EVALUATION OF THE PINKUT CREEK CHANNEL 

Introduction 

Historically, fish production from Pinkut Creek was 

limited to the river, downstream from a series of falls located 

about one half mile from the mouth. The provision of fish 

passage facilities to extend distribution above the falls 

appeared uneconomical, therefore an artificial spawning channel 

was constructed, on a large muskeg area of low-lying land, ad­

jacent to the main spawning grounds at the mouth of Pinkut 

Creek. Flow control works, completed in 1966 and the spawning 

channel, completed in 1968, make up the total enhancement develop­

ment on Pinkut Creek. 

During the first three years, egg to fry survival 

rates steadily declined as a result of icing, gravel deterioration, 

and high adult spawning densities. Implementation of a re­

habilitation program in 1976 and operational changes should pro­

duce better results in the future. 

This section of the report describes the overall per­

formance of the channel including operational changes implemented, 

to alleviate some of the problems that have occurred. 

Operational History of the Pinkut Creek Spawning Channel 

Unforeseen icing problems occurred during the first 

year in the Pinkut Channel. The cold winter resulted in the 
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formation of heavy anchor ice dams which created major short­

circuits between channel legs and in some cases, partial de­

watering. The overall effect was to lower egg to fry survival. 

To alleviate the problem, an auxiliary water supply 

system was installed to draw water from 200 feet below the sur­

face of Babine Lake and mechanically pump it into the channel 

at various points in the channel (Fig. 14). The lake water, 

approximately 4°C., would warm the channel water from 0°C. to 

0.2°C., thus eliminating frazzle ice formation occurring at the 

lower temperature. Operational efficiency of the pumping system 

was based on the predictability of impending cold weather periods. 

In recent years, added experience has allowed the operator to 

minimize but not totally eliminated the icing problems. 

Another problem occurring in the Pinkut Channel was 

siltation. Silts are deposited within the channel from the river 

as well as from breakdown of the berms separating the legs (loops) 

within the channel. The existing settling basin functions well 

in containing the larger particles; however,it·daes:not. settle 

out particles less than ·~ in diameter. The gravel-lined berms 

are subject to breakdown from intense spawning activity as well 

as anchor ice build ups. Anchor ice formations also create ice 

dams, which direct water flow over the berms bringing with it the 

fine clay sediment from the interior of the berms. Continued de­

terioration of the channel without the implementation of corrective 

meansures has led to progressively poorer survival rates and low 

production. 

Gravel scarification, an annual maintenance require­

ment, appears to be ineffective as the amount of organics and 
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inorganics entering the channel within one operational year is 

well above the "critical" level. Visual observations indicate 

that shortly after cleaning, active spawning results in silt 

deposition throughout the channel, thus reducing the effective­

ness of the gravel scarification process. 

Inadequate adult control structures within the channel 

has led to extensive superimposition within some legs of the 

channel while in others, densities have been well below optimum. 

Reduced loading densities, now implemented, appear successful; 

however, the overall poor channel environment masks out any 

significant increase in productivity that is expected from these 

lower spawning densities. 

A major rehabilitation program has been implemented 

to rectify the operational problems. This program involves 

lining of the berms with concrete to stop erosion during 

spawning, construction of new adult control structures, replace­

ment of the settling basin with a larger pond, replacement of 

the channel gravel plus the addition of more outlets for warm 

lake water. On completion of the rehabilitation program, pro­

duction from the facility should exceed 40 million fry. 

Adult Sockeye Program 

Population Characteristics 

Spawning populations in the Pinkut Creek channel have 

ranged from a first year low of 13,479 adults to a high of 63,261 

in 1973 (Table 2). Only in 1972 and 1973 did the spawning popu­

lation approach the original design density of 63,000 adults. 

Age compositions are as described for Pinkut Creek with 

42 adults being the dominant age class. Only in 1968 and 
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1973 did the 52 age class dominate the run. Sex-ratios of re­

turning stocks are the same as described for the river. 

Age 32 males in the Pinkut Channel range from a high 

of 18,917 fish in 1973 to a low of 1,062' in the first operational 

year. Returns appear to be increasing steadily but only account 

for a small part ( 10%) of the run. The high jack returns to 

the Fulton System are not reflected by similarly large returns to 

Pinkut. 

Egg Deposition and Retention 

Egg deposition in the Pinkut Channel has ranged from 

31 to 99 million and in every year retention was less 

than three -percent.· These results (Fig. 48) indicate a direct 

relationship,between egg retention and egg deposition, in that 

depositions of 100 million eggs result in retentions over two 

percent, while depositions of 60 million and less were less than 

one percent. This data does not suggest a significant egg density 

effect on mortality in the spawning channel at the recorded de­

position levels. However, survival and production data, to be 

discussed later, indicate that egg depositions of 100 million ex­

ceed the level for optional production from the channel. There­

fore, the retention occurring at the higher deposition level, al­

though not appearing large, may in fact reflect crowded and 

spawning conditions. 

Sockeye Fry Program 

Enumeration Technique 

Fry assessment was initiated in the Pinkut Channel in 

1968 using the same converging throat trap technique described 
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Figure 48: Relationship between percent egg retention and 
potential egg deposition in the Pinkut Creek 
Spawning Channel. 

for Fulton River. Two traps installed at the bottom end of 

leg nine provided a production estimate for 9/lOths of the 

channel. The tenth leg in most years was never utilized; how-

ever, in years that it was, an interpolated estimate derived 

from hydraulic sampling was added to the main production estimate 

to give a total production figure. Each trap fished a one foot 

width of a culvert width of five feet, consequently a final ex­

pansion factor of five is applied in the calculation process. 

Details of the calculation process are outlined in Appendix Tables 

XXXIII and XXXIV. 

Accuracy checks were conducted to verify the production 

estimates derived from the converging throat technique. The cal-

culation process assumes that a trap catches a constant proportion 

of fry and that this constant is related to the cross-sectional 
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width of the catching area. To determine accuracy, it was 

assumed that each trap would catch 20 percent of the migration 

in each culvert. The actual catches would then be measured 

against the expected catch using two techniques: dye mark re­

leases and a horizontal ladder catch. 

The procedure to measure catchability of the converging 

throat traps incorporated the use a a horizontal aluminum ladder, 

consisting of five marquesette bags each of which was 6 in. in 

height and 12.0 in.in width. The ladder, suspended to fish the 

cross-sectional width of the five foot culvert, was fished at 6 

in. intervals from surface to bottom (3 feet). The ladder was 

located approximately 6 feet downstream of the trap mouth 

The results of the ladder tests (Table 23) indicate that overall 

production was overestimated by approximately 10 percent. The 

production estimates were adjusted accordingly. 

Dye marked fry (neutral red, bismarck brown) releases 

ranging from 400 to 1,000 fry were made at the top end of each 

culvert and a portion recaptured in the converging throat traps. 

The results were similar to those obtained from the horizontal 

ladder tests. 

Fry Production and Egg to Fry Survival 

Fry production from the Pinkut Creek spawning channel 

has been low in recent years due to poor gravel quality during 

incubation, high adult spawning densities and to winter operational 

problems. Since its completion, the production has averaged 18.5 

million fry and survival has averaged 35.5 percent (Table 24). 

Initially, fry output was limited by the lack of adult spawners. 

Compounding this was excessive loading in the uppermost legs 
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Annual average catches by percent of the horizontal 
ladder trap used to assess catchability of the Pinkut 
Channel converging throat traps. Trap No. 3 in each 
bay represents position of each converging throat trap. 

r------ --1-~------~~~:~-~r-:-~~:~ch l'er Trap --Lr~~~o-~~_r~:J~------
1 j----~y~-raps-~ --- Bay-2 Traps . Bays jl~f 1"~~~; 
J_ YC'a~- 1 2 J 4 s l _z __ i __ 4 __ 5_-+--1 2 Tr<Ips 

i 1971 15.7 24.6 23.J 22.0 14.'• 17.J 25.2 21.7 22.0 11.8 +16.5 +8.7 l+ll.60 

: 1972 16.1 21.a 23.3 21.s 11.J 17.L 26.9 20.0 23.2 12.7 +16,5 o.o I+ 8.25 

! I ! 1973 11.a 21.J 21.6 20.9 12.4 17.7 2s,6 21.1 21.1 14.s + s.o · +s.s i+ ..,e.15 

1

1914 ia.1 2R.9 22.6 20.6 9.a 14.7 Jo.1 22.4 io.s 12.J +lJ.o +1~.o ! +1~.so 
c:~~-~~- 10.9 21 .. 2 22.1 21.2 11.9 16.7 ~~..:_~·3 21,7 13.3 +13.5 +6.5 !

1 
+10.0l* 

*r.orre~tion factor applied to annual channel pradu~tion estimates, 

TABLE 24: Pinkut Creek Spawning Channel sockeye fry production 
from 1969 to 1976. 

Egg Fry 
Brood Deposition Production Survival Fry 
Year (millions) (millions) (%) Year 

1968 30.8 10.4 13.5 1969 

1969 37.5 15.2 18.8 1970 

1970 37.9 22.0 19. 8 1971 

1971 30.8 16.7 21.7 1972 

1972 96.6 29.0 57 .1 1973 

1973 97.1 24.1 63.3 1974 

1974 93.4 8.3 51. 7 1975 

1975 67.3 22.3 48.1 1976 

8 Year 

Average 61.4 18.5 35.4 

of the channel. In all probability, production during the 

initial years would have been higher had the spawners been evenly 
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distributed throughout the channel. 

Local observations and studies by Ginetz (1972) 

indicated that high mortalities were occurring from environ-

mental deterioration of the channel, and from density related 

factors. Assuming that gravel quality deteriorated rapidly 

during the initial years and has remained relatively stable at 

a sub-optimal level, annual mortality from this factor should 

remain constant. Therefore, following the assumption that 

mortality of incubating sockeye eggs in the channel is density 

dependent, one could then expect that changes in loading density 

would be reflected by changes in egg to fry survival. The 

positive regression of egg to fry survival on spawning area per 

female is highly significant (Fig. 49; P S .005) indicating that 

the mortality in the Pinkut Creek spawning channel is density 
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Figure 49: Regression of sockeye egg to fry survival on spawning 
area per female in the Pinkut Creek Spawning Channel. 
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dependent. Additional evidence for the density effect is shown 

by the significant negative regression of survival on egg de-

position (Fig. 50; p :5 .025). 

The level of optimum deposition for the Pinkut 

Channel is difficult to interpret from the available data due 

to the mortality factors in effect. The positive regression of 

fry production on egg deposition is ·not significant (Fig. 51) 

suggesting that fry production from egg depositions ranging from 

30 million to 100 million eggs does not increase significantly. 

Yet it seems reasonable to expect some optimum loading level 

between the 30 to 100 million egg deposition range. The results 

obtained from the Fulton River spawning channels suggest that a 

spawning area allotment of 1.5 sq. yds. per female, or a female 

6 
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Figure 50: Regression of sockeye to fry survival on actual egg 
deposition in the Pinkut Spawning Channel. 
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spawning density approximating 25,000 fish would result in con­

sistent survivals ranging from 40 to 50 percent. The adult 

density of 25,000 females would provide an egg deposition of 

approximately 80 million eggs. 
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Fry migration timing from the Pinkut Spawning 

Channel, varies little from year to year (Table 18). In all years 

peak migration occurs during late May. The close association 

between water temperature and rate of migration, (Fig. 46) sug-

gests that temperature is perhaps the key factor responsible for 

initiating migration. The discharge curve in 1972 corresponded 

very well with the migration curve; however, in 1973 and 1974 
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(Fig. 52) the continual rise in water temperature is reflected 

by the migration curves. The results also indicate that 

migration accelerates when the average weekly water temperature 

exceeds 4°C. 

Fry Quality 

Annual mean length of channel fry has ranged from 

a high of 30.47 mm. in 1969 to a low of 28.22 mm. in 1970 (Table 19). 

Only in the first year of operation did fry length exceed 30 mm. 

One possible reason for this may be poor gravel quality. The 

channel gravel has deteriorated continuously since its inception. 

Silt deposition was exceptionally high in the second year of 

operation (1970) and may have been the cause of a reduction in 

fry quality that year. One would expect environmental stress 

from silt to have some physiological effect on yolk to body 

tissue conversion. A similar trend also occurred for mean weight 

in that a low of 113.03 gm. was observed in 1970 (Table 20). 

Development index at the time of migration has 

averaged 1.75 over the 8-year period from 1969 to 1976 (Table 21). 

Although migration timing was essentially the same for both the 

channel and river, channel fry were consistently more mature at 

migration. A possible reason for this is that channel eggs and 

alevins experience a significantly larger thermal heat intake as 

a result of the auxiliary warm water supply. The heated channel 

water may provide enough heat to accelerate the development of the 

channel fry, making them more mature at migration. 

On an annual basis there are some distinct dif f­

erences in quality between channel and river fry (Fig. 53 to 57, 

Table 22). For example, fry from the 1968 channel brood were 
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were significantly heavier, longer and more mature than river 

fry (Appendix Table XXXV). Perhaps this difference resulted 

from differences in gravel quality in that channel gravel was 

not contaminated with silt, and was of a uniform mixture. In 

1970, the reverse situation occurred in terms of length and 

weight (Appendix Table XXXVI). This was probably due to extensive 

siltation in the channel leading to intense environmental stress 

on developing eggs and alevins. From 1971 to 1974 channel 

fry were significantly longer than river fry (Appendix Tables 

XXXVII to XLI) while in 1975 differences were not significant. 

No consistent weight difference existed between the two fry types. 

In terms of the development index, channel fry have been more mat­

ure at migration. The difference has been attributed to a diff­

erential heat intake between the river and channel. 
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GENERAL DISCUSSION 

The Babine Development Project was initiated on 

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

of Babine Lake was underutilized and could support additional 

sockeye fry, (2) that these additional sockeye fry could be 

produced in artificial spawning channels and in natural 

streams with regulated flow, and (3) that the channel fry so 

produced are comparable to naturally produced fry in their 

ability to survive to the adult stage. Various studies con­

ducted by the Research and Development Branch indicated that 

these premises were valid; the evidence was adequate for pro­

ceeding with the development of spawning channels and con­

trolled flow on Fulton River and Pinkut Creek. 

At the onset of the enhancement program on Babine 

Lake, it was agreed that evaluation programs be conducted to 

assess the validity of the assumptions used to promote the 

program. The evaluation program was the only rational and 

objective basis for analyzing the success of the enhancement 

techniques and applying the information obtained to future pro­

jects. The results of the evaluation program are discussed 

below. 

The quantity of natural fry produced from Fulton 

River has not changed as a result of flow control. Similarly, 

average egg to fry survival was not influenced. However, the 

results do indicate that survival appears to be density-depend­

ent. Assuming that during incubation the various mortality 
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causing factors such as discharge, temperature, disease and pre­

dation, did not change after flow control started, the data in­

dicates that survival is inversely related to egg deposition 

and directly related to spawning area per female spawner. 

The quality of fry produced from Fulton River 

changes annually; however, the changes are not significant. The 

data suggests that migration timing is largely dependent on dis­

charge. Indications are that high river flow forces alevins 

from the gravel prior to the time when normal water temperatures 

normally activate fry emergence. River fry at migration, appear 

to have adequate yolk reserves to allow the fry additional time 

for body growth and maintenance until food becomes abundant in 

Babine Lake. 

Fry production from Channel No. 1 has averaged 

about 17 million, and survivals have exceeded expectations. The 

data again suggests a density-dependent relationship with sur­

vival being inversely related to egg deposition and directly 

related to spawning area per female spawner. 

Fry migration timing varies slightly in comparison 

to river timing. Peak migration in the channel occurs approxi­

mately one week later than in the river and this is due to the 

discharge and temperature differences between the two environ­

ments. Migration from the channel is largely dependent on water 

temperatures, which is opposite to that for the river. One 

would expect channel fry to migrate when river fry do if high 

discharge 6uperceded increased water temperatures in the channel. 

Similar results were obtained in Channel No. 2, 

except that production is larger than from Channel No. 1. The 
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physical size difference between the two facilities accounts 

for the production output differences. Peak migration timing 

is about one week later than for fry from Channel No. 1, and 

two weeks later than Fulton River. The differences in migration 

timing were attributed to differences in deposition timing and 

duration of adult loading. The quality of migrating fry pro­

duced from Channel No. 2 appears different than those from the 

river or Channel No. 1. The differences in quality probably 

have resulted from better yolk conversion in the Channel No. 2 

environment. Because emergence from the channel appears to be 

totally temperature dependent, the channel fry are able to re­

main in the gravel until yolk conversion is totally complete. 

Local observations have indicated that virtually all Channel 

No. 2 fry are fully developed when they migrate. 

Fry production from Pinkut Creek has declined 

slightly, primarily because of a reduction in egg deposition. 

However, egg to fry survival has slightly increased, which is 

expected as a result of the dependence of egg survival on spawner 

density at the time of deposition. Fry quality has not changed 

significantly since flow control was implemented and, again, 

maturity at migration appears to be dependent on river emergence 

timing appears to have been influenced by water temperature. 

Production from the Pinkut Creek channel has, in re­

cent years, declined to lower than anticipated levels as a result 

of poor gravel quality and possibly high egg density. Since its 

inception, the quality of the gravel has deteriorated as a result 

of high sedimentation. Instability of channel berms, combined 

with icing, has created short circuits which have scoured and 
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eroded clay material into the channel. These factors have led 

to a decline in production and reduced egg to fry survival rates. 

To counteract the problem, a major rehabilitation program was 

initiated in 1976 which involved gravel removal and cleaning, 

reconstruction of the berms, reconstruction and enlargement of 

the settling basins, the addition of auxiliary warm water out­

lets to reduce icing,and construction of adult loading faculties. 

Fry migration timing in most years was identical 

to Pinkut Creek; however, in years where high river discharge 

occurred early in the spring, channel timing peaked approximately 

one week after the river. Here again the primary factor respons­

ible for triggering emergence and timing in the channel is water 

temperature. 

Channel fry are more developed than river fry at 

migration. Apparently, the heated channel provides more thermal 

heat units for development, which results in an advanced maturity 

state in channel fry over that for river fry. 

A more reliable method of evaluating the quality 

of fry produced from the Babine Development Project is based on 

fry to smolt production and ultimately to adult production. Con­

sistent increases in fry production have resulted in corresponding 

increases in smolt production (Fig. 58). For example, fry output 

from Pinkut and Fulton in 1969 approximated 75 million, while in 

1974 it exceeded 146 million. Main basin smelt production from 

Babine Lake which consists largely of Fulton and Pinkut fish, has 

increased from approximately 34.6 and 61.1 million in the period 

from 1967 to 1974. This certainly suggests that channel fish are 
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of equal quality to river fish. However, since 1973, smelt pro-

duction has declined significantly, almost to the level of pre-

development years. Fry production from the development projects 

exceeded 150 million in 1974, yet smelt production from the main 
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lake only approximated 27.4 million. The following year, main 

lake smolt production increased to 36.1 million while fry pro­

duction from Pinkut and Fulton approximated 106.9 million. 

Several reasons may be given to explain the decline 

in smolt production. It has been suggested that predator 

populations preying on juvenile sockeye fry have increased in 

response to greater food abundance and are now consuming a large 

proportion bf the fry populations. Another possible reason for 

low smolt production may be attributed to low plankton abundance 

created by an over-cropping by sockeye juveniles or by reduced 

primary production which, in turn, is dependent on lake chemistry. 

Monitoring of plankton abundance and species diversity indicate 

some changes have occurred in recent years (Rankin, 1976 Pers. 

Comm.). Increased parasitic infection in juvenile sockeye leading 

to high lake mortality, has also been proposed as another possible 

reason for the decline. Perhaps a combination of the above­

mentioned factors is responsible for the decline in smolt production. 

Prior to completion of the overall project, some 

concern was voiced as to the long term survival of channel fry 

compared to river fry. Tagging studies conducted by MacDonald 

(1971) have indicated that both fry types have equal or compar­

able survival rates to the smolt stage. Further evidence sup­

porting these results is that adult stocks returning to the Skeena 

System appear to consist of a high proportion of channel stock. 

These returns are not unexpected because disproportionate fry 

production resulting from the spawning channels should in turn be 

reflected in a larger proportion of channel produced adults. 

Therefore, it would appear that channel fry are equal to fry pro-
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duced naturally. 

A significant factor which must be recognized is 

that each enhancement facility has its very own characteristics 

which affect the overall success of that facility. Also, 

species of fish being enhanced will behave in a unique manner 

from river to river, system to system and from.facility to 

facility. For example, fish spawning in coastal streams will 

arrive on the spawning grounds at full maturity, spawn within a 

week and die. Salmon destined for inland streams will arrive on 

the spawning grounds over a six to eight week period in varying 

degrees of maturity. The latter situation occurs at Babine and 

definitely affects the overall success of the production from 

the spawning channels. The results to date have shown that 

mortality factors are density dependent and the current adult 

loading densities result in survivals ranging from 40 to 50 per­

cent. Spawning channels on coastal streams such as the Weaver 

Creek Spawning Channel, operated by the International Pacific 

Salmon Commission, experience higher survivals. One reason for 

this is that the returning adults arrive on the spawning grounds 

and spawn in less than three weeks, thus minimizing the wave 

spawning effect on survival. In addition, the apparently high 

success of other spawning channels on the Fraser River System is 

greatly influenced by reduced loading rates. Spawning channels 

operated by the International Pacific Salmon Commission in most 

years have been loaded well above the level currently employed in 

the Babine spawning channels. For example, in eight out of 10 

years, the female loading density in the Weaver Creek channel was 

equivalent to an area allotment of 2.0 sq. yds. per female or 
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greater, and survivals were above 80 percent. In 1974, the 

area allotment was about 1.3 sq. yds. and the resultant egg to 

fry survival was 61.5 percent. These data support the view 

that loading densities definitely influence survival and pro­

duction rates. 

Although further study is required to fully evaluate 

the significance of the Babine Development Project in terms of 

the initial premises on which the project was approved, the cur­

rent results do confirm that artificial spawning channels are a 

practical method for enhancing sockeye salmon. However, it is 

important to recognize that large scale enhancement projects and 

programs when implemented, can significantly alter the ecosystem(s) 

in which they are located. Therefore, it is imperative that pro­

per evaluation programs be an integral part of all major enhance­

ment projects in order that system changes can be monitored, to 

ensure that when changes occur, their significance is recognized 

and applied to the planning of future projects. In retrospect, 

problems, both past and present that are associated with the 

Babine Development Project are a clear example of some of the 

consequences of enhancement projects. Accordingly, the project 

should serve as a guide for the future. 
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APPENDIX TABLE I: Calculation process for fry migration from 
Fulton River based on the standard index 
sampling. 

Date - May 25-26, 1972 

Trap No. 
Fishing Time 

1 2 3 4 5 6 7 8 9 10 

22:20 
22:30-22:40 67 70 
23:00-23:10 205 163 
23:30-23:40 494 299 
00:00-00:10 669 412 
00:30-00:40 772 331 
01:00-01:10 425 241 
01:30-01:40 348 160 
02:00-02:10 252 156 
02:30-02:40 239 133 
02:50 

3471 1965 

Step 

1. Actual catch in index period by traps 3 and 7 
(in a 90 minute period) = 5,436 

2. Estimated catch if traps 3 and 7 fished full 
index period (270 minutes) 
2 ~g m~n. = 3.0 3.0 x 5436 

llll.n • 

3. Estimated catch if traps 3 and 7 fished full 
24 hour period using May 22-23 time check 

100 
85.12 % x 16,308 

4. Estimated cat;ch if all traps fished full 24 
hour period using May 21-22 area check 

100 
25.37 % x 19,159 

5. Estimated catch for 20 x factor, i.ie. each 
trap fishes 1/20 of cross section. Tbtal 
nightly estimate 20 x 75,518 

6. River = Fence - Channel or 
R = 1,510,360 - 1,017,232 

= 16,308 

= 19,159 

= 75, 518 

= 1,510,360 

= 493,128 
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APPENDIX TABLE II: Calculation process for fry migration 
from Fulton River based on time check 
sampling. 

Date - May 22-23, 1972 River Gauge= 3.05 ft. 

Trap No. 
Fishing Time 

1 2 3 4 5 6 7 8 

21:00-21:10 8 
21:30-21:40 31 
22:00-22:10 51 
22:30-22:40 154 
23:00-23:10 393 265 
23:30-23:40 634 364 
00:00-00:10 865 

Tl 
393 

T2 00:30-00:40 658 375 
01:00-01:10 429 3906 228 2254 
01:30-01:40 305 
02:00-02:10 251 
02:30-02:40 2 
03:00-03:10 163 
03:30-03:40 155 
04:00-04:10 99 
04:30-04:40 37 
05:00-05:10 18 
05:30-05:40 12 
06:00-06:10 4 

4512 T3 

Index Trap-Time Check = Tl + T2 

T3 + T4 

Index Period-Time Check 3906 + = 4512 + 

Step 

1. 

2. 

3 x 6160 = 18,480 

:noo 
85.12 x 18,480 = 21,711 

3. 100 
25.37 x 21,711 = 85,577 

192 
158 
125 
128 
112 

82 
39 

7 
9 
4 

2725 T
4 

x 100% 

2254 = 6160 100 2725 .. 7237 x 

4. 20 x 85,577 =nightly estimate of 1,711,540 

5. River= Fence - Channel or 1,711,540 - 796,405 

= 

9 10 

85.12% 

R = 915,135 
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APPENDIX TABLE III: Calculation process for fry migration 
from Fulton River based on area check 
sampling. 

Date - May 21-22. 1972 River Gauge = 3.10 ft. 

Trap No. 
Fishing Time 

1 2 3 4 5 6 7 8 9 10 

22:20 
22:30-22:40 184 210 
23:00-23:10 567 390 
23:30-23:40 914 

, 1372 
594 

805 00:00-00:10 1013 , 592 " 00:30-00:40 787, , 451/ 
01:00-01:10 190 418 

rnJ 
527 614 480 rui· 128 177 162 

01:30-01:40 146 256 410 452 363 148 169 107 
02:00-02:10 130 218 8 322 385 264 115 118 105 
02:30-02:40 275 152 
02:50 

~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ 

466 892 5112 1259 1•51 1101 3194 391 464 374 

Index Trap-Area Check = 

1372 + 805 = 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

466 + 892 + 1372 + 1259 + 1451 + 1107 + 805 + 391 + 464 + 374 

2177 
·= 8581 x 100% = 25.37% 

Step 

1. 3 x 8306 = 24,918 

2. 100 % 
85.93% x 24,918 = 28,998 

3. 100 % 
25.37% x 28,998 = 114,300 

4. 20 x 114,300 =nightly estimate of 2,286,009 

5. River= Fence - Channel or 2,286,009 - 1,137,809 R = 1,114,200 
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APPENDIX TABLE IV: Explanation of the standard index catch 
calculation method for estimating the 
nightly abundance of sockeye fry migrating 
from Fulton River. 

1. The actual catch of the two index traps No. 3 and 7 was 

5436 fry. These traps had fished 9-10 minute periods or 

90 minutes out of a total index period of 270 minutes. 

The remaining 180 minutes was used for raising, emptying, 

cleaning and resetting the traps. 

2. If these two traps had fished the full index period of 

270 minutes, then their catch would be 270 x 5436 = 16,308 
90 

3. If these two traps had fished a full 24 hour period their 

catch would have been 100% x 16,308 = 19,159. The time 
85 .12 

check of May 23-24 (Table II) showed that the traps caught 

85.12% of the total 24 hour catch in the index period of 

270 minutes. The time checks were determined once to 

twice a week, depending on water depth and turbidity. 

4. The area check for May 21-22 (Table III) showed that when 

all ten traps were fishing, traps 3 and 7 caught 25.37% 

of the total ten trap catch, then the estimate for the 

ten trap catch would be 100% x 19,159 = 75,518 
25.37 

5. Since each trap fishes !/20th of the cross sectional 

stream width, then the nightly catch is 20 x 75,518 = 

1,510,360. 

6. The channel 1 (C) count would have to be subtracted from 

the fence count (F) in order to obtain the proper fry 

estimate from the river (R) = F - C, or R = 1,510,360 -

1,017,232 = 493,128. 



APPENDIX TABLE V: Mean lengths, weights and developnental indices, their difference and statistical siqnif~cance, of 
sockeye fry in paired samples from Fulton River and Spawning Channel No. 1 in 1966. 

Sample Date N 

a 
IR Hay 13 52 

11 " " 51 
2R Hay 14 51 

21 .. " 51 

JR Hay 24 47 

Jl II II 48 

4R May 28 43 

41 II II J7 

SR June 1 52 

51 11 II 52 

6R June 4 52 
6

1 
II II 52 

7R June 8 52 
7

1 
1I II SO 

BR June 9 S2 

81 II II 52 

9R June 11 52 

91 If II 51 

!OR June 13 52 
10

1 
II JI 52 

l lR June 14 52 
11

1 
U II 52 

12R June 16 46 
12

1 
II II 52 

13R June 19 25 
131 II l1 SQ 

14R June 21 23 

)41 II ti 52 

ER June 21 651 

•1 
.. .. 702 

Mean 2 A 
Length (mm) S i (mm) u z p 

28.90 

29.20 

2B.BB 

29.69 

29.B7 

29.52 

27.74 

29.03 

29.3B 

2B.35 

2B.65 

2B.96 

30.00 

29.72 

30.19 

29.71 

29.02 

27.71 

30.46 

28.69 

29.96 

2B.79 

30.07 

2B.OB 

26.B4 

30.20 

29.09 

29.19 

29.33 

4.6B -.30 1317.0 -.061 .4757 

I.BB 

1.75 -.Bl 920.5 -.2.613 .0045 

l.9B 

1.25 ,35 1063.5 ""'.490 .3121 

6.09 

3.34 -1.29 509.0 -2.B03 .0026 

4.14 

l.3B 1.03 995.5 -2.367 .OOB9 

4.9B 

2.7B -.31 12Bl.O -.470 .3192 

5.14 

2.67 .2B 1157 .5 -. 9B2 .1630 

2.57 

1.26 .4B 1130.0 -1.496 .0673 

2.13 

3.20 1.31 725.0 -4.032 0 

2.05 

1.23 I. 77 431.5 -6.095 0 

4.65 

1.45 t.11 737.5 -4.101 a 
2.88 

1.75 1.99 443.5 -5.436 0 

3.29 

1.14 -3.36 160.0 -5.269 0 

6.98 

3.90 -.10 577.5 -.242 .4044 

2.63 

2.97 • 2B Bl b >.05 

29.05 4.04 

Hean 
Weight(mg) 

52 Ai(mg) u z p 

142.15 29B.90 -4.56 1139.0 -1.234 .1086 

146. 73 408.30 

147.84 245.2B -1.02 1277.5 -.154 .43BB 

14B.B6 533.54 

152.64 288.26 6.06 854.5 -2.037 .0208 

146.5B 542.05 

14B.77 333.77 2.IB 70B.O -.B45 .1991 

146.59 5B7.93 

144.69 249.92 5.54 108B.O -!.71B .042B 

139.15 466.5B 

13B.B5 530.62 

13B.29 36B.73 

.56 1319.5 -.211 .4164 

154 .• 5B 46B.35 -!.32 1231.0 -.462 .3221 

155.90 411.27 

152.50 322.BB 

152.21 417.41 

149.50 

142.47 

157 .06 

279.55 

199.91 

310.47 

IS3.50 3560.02 

.29 1313.0 -.254 .3997 

7.03 9Bl.S -2.274 .0115 

3.S6 B30.S -3.392 .0003 

153.90 452.35 5.42 1136.5 -1.402 .0807 

14B.4B 3B4.B2 

143.S7 430.49 10.03 B59;0 -2.400 .0082 

133.54 413.32 

127.6B 45B.31 -39.B2 276.5 -3.91B 0 

167 .so 1695.B2 

IS2.30 439.6B 9.90 466.S -1.512 .0653 

142.40 3BB.B2 

14B.17 395.42 

147 .24 799.61 

.93 B4b >.as 

Mean 
Index(i),l 

I.Bl 

I.BO 

l.B3 

l.7B 

1.79 

1.79 

1.91 

I .Bl 

1.79 

l.B3 

I.BO 

1.79 

1.79 

I.Bl 

1.77 

1.79 

l.B3 

l.B9 

1.77 

I.BS 

1.78 

l.B4 

1.74 

l.B2 

l.B7 

l.B2 

!.B4 

1.79 

I.BO 

1.81 

52 AiCl),l u z p 

.012 .01 1214.S -.736 .230B 

.006 

.004 .OS 64B.5 -4.'364 0 

.002 

.003 0 

.017 

911.5 -1.612 .OS3S 

.014 .10· 3Bl.O -4.000 0 

.007 

.003 -.04 1054.S -1.934 .0266 

.010 

.OOB .01 12B9.S -.406 .3424 

.016 

.OIS -.02 B72.5 -2.B62 .0021 

.004 

.002 -.02 95B.O -2.S62 .0052 

.003 

.OOB -.06 69B.S -4.140 0 

.006 

.002 -.OB SIS.5 -5.439 0 

.006 

.003 -.06 719.5 -4.112 0 

.oos 

.004 -.08 448.0 "5.325 0 

.007 

.007 .os 440.S -2.074 .0190 

.013 

.012 .05 427.0 -1.965 .0247 

.005 

.OOB -.01 Bl.Sb >,05 

.OOB. 

F • l.36c <.01 F • 2,02c <.01 F • l,OOc >.01 

8 R, river samples; 1, spawning channel no, 
At, difference between means of parameter 

b Test on 9a11ple 1teana, n
1 

• n
2 

• 14. 

c Teat on h0110geneitY of variances. 

1 samples; N, nwnber of fry in sam.ple;_s2 , variance of the mean; 
(R-1); U, Z, P, statistics of the Mann-Whitney test. 

I-' 
w 
"' 



APPENDIX TABLE VI: Mean lengths, weights and developmental indices, their difference and statistical siqnificance of 
sockeye fry in paired samples from Fulton River and Spawning Channel No. l in 1967. 

Sample Date 

a 
lR Ap~.26 

l " .. 
1 

2R Apr.28 
2 II 11 

1 
JR May 2 
J 11 II 

1 
4R May 4 

4 " " 1 
SR May 5 
5 II II 

1 
6R May 8 

6 " " 1 
7R May 9 
7 II II 

1 
BR Hay 10 
ft II U 

1 
9R Hay 13 
9 II II 

1 
lOR Hay 17 

101 II If 

UR Hay 18 

111 II II 

12R Hay 19 

121 u It 

13R May 22 

131 " 

14R May 23 

141 " n 

15R Hay 24 

151 II II 

16R May 25 

161 II II 

N 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Mean 2 A 
Length(mm) S i(mm) u z p 

29.06 1.16 1.94 373.0 -6.183 0 

27.12 2.27 

29.16 2.06 1.46 612.5 -4.489 0 

27. 70 2.46 

28.96 1.06 1.70 384.0 -6.138 0 

27.26 1.79 

29.16 .79 .38 971.0 -2.013 .0220 

28.78 1.03 

29.60 .94 .36 985.5 -1.911 .0280 

29.24 1.08 

29.56 .78 .96 642.0 -4.374 0 

28.60 1.23 

29.56 .86 1.42 444.0 -5.738 0 

28.14 1.43 

29.64 .85 1.06 650.0 -4.273 0 

28.58 1.47 

29.16 1.44 .46 1043.5 -1.473 .0704 

28. 70 1.81 

29.62 1.34 1.30 613.S -4.512 O 

28.32 3.08 

29.58 .66 1.08 713.5 -3.889 0 

28.50 2.09 

28.40 2.57 -.36 1060.0 -1.347 .0890 

28.76 1.74 

29.58 1.64 .36 1046.5 -1.457 .0725 

29. 22 1.60 

29.28 1.80 .42 1017.0 -1.648 .0497 

28.86 1.76 

30.76 1.00 1.56 447.5 -5.691 0 

29.20 1.76 

29.68 1.98 .62 912.0 -2.410 .0080 

29.06 1.89 

Mean 
Weight(mg) 

82 61(mg) u z p Hean 2 A 
Index C"nl S i C"nl u z p 

147.28 257.49 41.24 158.0 -7.533 0 1.82 

106.04 473.44 1.74 

140.86 595.03 34.60 365.0 -6.105 0 1.78 

106.26 429.72 1.70 

153.20 278. 71 42.96 151.0 -7 .571 0 1.85 

110.24 501.05 1.75 

155.42 202.27 12.48 723.0 -3.63 .0002 1.84 

142.94 447.42 1.81 

158.96 294.71 25.66 392.5 -5.913 0 1.83 

133.30 375.21 1.74 

160, 76 239.96 25.08 380.0 -6.000 0 1.84 

135.68 321,46 1.79 

163,56 288.59 42.78 143.5 -7.632 0 1.85 

120.78 506.35 1.75 

166.00 218.24 29.46 300.5 -6.547 0 1,85 

136.54 369.37 1.80 

156.82 307.08 28.26 328.0 -6.369 0 1.85 

128.56 391.90 • 1.75 

168.66 396.24 2~.66 391.0 -5.927 0 1.86 

139.00 513.43 1.83 

168.68 210,33 31.64 271.5 -6. 748 0 1.87 

137.04 424.58 1.80 

160.76 662.98 25.40 543.5 -4.875 0 1.91 

135.36 456.33 1.78 

156.98 647.59 6,60 1056.5 -1.334 .0911 1.82 

150.38 565.12 l.·81 

160.18 298.67 27.92 428.0 -5.669 0 1.85 

132.26 562.04 1.76 

166,58 320.92 26,24 470.0 -5.379 0 1.79 

140.34 516.12 1.77 

171.56 295.31 27.44 414.0 -5.769 0 1.87 

144.12 454.81 1.80 

.002 .08 235.0 -6.654 0 

,003 

.005 .OB 497;5 -5.188 0 

.003 

.003 .10 350.5 -6.201 0 

.005 

,001 .03 722.5 -3.637 .0002 

.003 

.003 .09 277.0 -6.708 0 

.003 

.002 .05 499.5 -5.174 0 

.001 

.002 ,10 285.5 -6.650 0 

.004 

.002 .05 494.0 -5.212 0 

.002 

,.003 .10 258.0 -6.840 0 

.004 

.004 .03 639.5 -4.210 0 

.010 

.002 .07 440.0 -5.584 0 

.003 

.007 .13 165.0 -7 .481 0 

.004 

.002 .01 1177.5 -.500 .3085 

.002 

.003 .09 221,5 -1.091 o 

.003 

.001 ,02 1031.0 -1.510 .0655 

.002 

.006 .07 426.5 -5.678 0 

.• 002 

I-' ... 
0 



Appendix Table VI (cont.) 

Sample Date 

"• 
"1 

!BR 

161 

"• 
191 

20R 

201 

"• 
"1 

"• 
"1 

"• 
231 

24R 

241 

25R 

251 

26R 

261 

27R 

271 

28. 

261 

29R 

291 

JOR 

301 

31R 

311 

32R 

321 

"• 
331 

May 26 

" 
May 27 

" 
Hay 30 

" 
H.s.y 31 

" 
June 

" 
June 2 

June 3 

" 
June 5 

June 6 

" 
June 7 

II II 

June 8 
II II 

June 9 

Julie 10 

" 
June 12 

It " 

June 13 

If " 

June 14 
II II 

June 17 

" 

N 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Mean 2 11 
Lengt:h(mm) S i(mm) u z p 

JCJ.44 .91 

28.52 2.50 

28.96 . 2.04 

28.18 1.91 

29.88 1.21 

29.72 2.21 

29.84 l.16 

29. 20 I. 96 

29.28 1.63 

29.60 1.47 

29.52 3.12 

29. 76 1.41 

29.34 1.37 

29.48 2.26 

29.64 1.21 

29.44 .99 

29.60 2.12 

29.34 2.35 

29. 74 1.22 

29.96 .98 

29.08 1.18 

29.32 .83 

29.62 1.83 

29.s4 1.z1 
29.40 1.10 

29.40 1.43 

29.54 1.15 

29.42 1.68 

29.12 .97 

29.58 .90 

29. 22 1.20 

29.32 2.06 

29.20 1.88 

29.66 1.17 

t.92 110.0 -6.632 a 

. 78 835.5 -2.922 .0013 

,16 1158.0 -.653 .2568 

.64 917.0 -2.362 .0091 

-.32 1067.5 -1.296 ,0975 

-.24 1180.5 -.497 .3158 

-.14 1125.5 -.892 .1860 

.20 1142.5 -.780 .2177 

.26 949.0 -2.149 .0158 

-.22 1136.0 -.836 .2016 

-.24 1094.5 -1.128 .1296 

.00 1243.5 -.046 .4817 

0 1222.0 -.201 .4203 

.12 1198.5 -.374 .3542 

-.46 959.S -2.101 .0178 

-.10 1192.5 -.408 .3416 

-.46 994.5 -1.811 .0350 

Mean 
Weight(mg) 

s2 •i(mg) u z p 

169.62 385.69 37.78 202.0 -7.226 0 

131.84 365.54 

159.28 459.73 24.24 510.0 -5.106 0 

135.04 403. 72 

162.40 444.71 15.30 833.0 -2.876 .0020 

147 .10 662.45 

160.64 362.88 15.26 730.0 -3.586 .0002 

145.38 398.39 

161.08 364,67 16.68 634.0 -4.249 0 

144.40 396.95 

154.88 467.96 4.78 1096.5 -1.058 .1451 

150.10 320.20 

151.50 286.02 2.18 1217.5 -.224 .4113 

149.32 455.80 

153.94 336.53 3.42 1087.5 -1.121 .1312 

150.52 192.04 

165.10 395.18 23.38 456.0 -5.479 0 

141. 72 259.53 

156.64 310.75 -2.34 1187.5 -.431 .3332 

158 .98 319.27 

150.28 452.63 1.34 1211.5 -.266 .3951 

148.94 326.61 

160.48 489.43 7.42 1010.5 -1.652 .0493 

153.06 259.27 
255,00 j27.98. i.48 2120.0 -.842 .1999 

153.60 452.96 

150.02 398.98 t.88 1227.0 -.159 .4308 

148.14 404.18 

15~.44 245.35 3.80 1057 .5 -1.329 .0920 

146.64 217 .82 

149.02 406.12 4.24 1153.5 -.666 .2528 

144. 78 366.35 

151.18 386.27 

150.20 419.41 

.98 1239.5 -.072 .4713 

Mean 2 
Index(K ) S 

6
1CK ) D D 

u z p 

1.82 

1.78 

1.87 

1.82 

1.82 

1. 77 

1.82 

1.80 

1.86 

1.77 

1.82 

1.78 

1.82 

1.80 

1.81 

1.81 

1.85 

1. 78 

1.81 

1.81 

1.82 

1.80 

1.83 

1.81 
1.82 

1.82 

1.79 

1. 79 

l.82 

1.78 

1.81 

1. 79 

1.82 

l. 79 

.003 

.011 

.003 

.003 

.003 

.004 

.003 

.004 

.oos 

.002 

.010 

.002 

,003 

.002 

.002 

.001 

.005 

.006 

.002 

.002 

.004 

.002 

.003 

.002 

.002 

.002 

.002 

.002 

.003 

.002 

.002 

.001 

.005 

.004 

.04 700.0 -3.792 .0001 

.OS 596.0 -4.510 0 

.05 650.0 -4.137 0 

.02 1038.0 -1.462 .0719 

,09 312.5 -6.464 0 

.04 907.0 -2.365 .0090 

.02 886.5 -2.506 .0061 

0 1232.5 -.121 .4518 

.07 514.0 -5.075 0 

0 1163.5 -.596 .2756 

.02 956.0 -1.027 .0213 

.02 914.0 -2.317 .0102 

0 1107.0 -.989 .1613 

0 1199.5 -.348 .3639 

.04 649.5 -4.141 0 

.02 885.0 -2.517 .0059 

.OJ 876.5 -2.575 .0050 

I-' .... 
I-' 



Appendix Table VI (cont.) 

Sample Date N Mean ,2 6i(mm) u z p ..... ,2 61(mg} u z p Mean ,2 bi(KD) u z p 
Length(mm) Weight(mg) Index(K

0
) 

34. June 19 50 29.56 • 29 -.06 1185,5 -.504 .3071 144. 20 250.91 -5.44 1023.5 -1,562 .0592 1.77 ,003 -.02 1005.5 -1.686 .0459 

341 " " 50 29.62 .40 149.64 315.57 1. 79 .003 

JSR June 20 40 28. 72 1.08 -.30 739.5 -.604 .2729 153.38 357. 68 -6.72 735,5 -.621 .2673 l.86 ,006 0 743.5 -. 544 • 2932 

351 " " 40 29.02 2,08 160.10 1018.32 1.86 .004 

36. June 24 50 28.98 L.49 .52 885.0 -2.604 .0046 126.24 328.69 -2.40 1239.0 -.076 .4697 1. 73 ,003 -.04 809.5 -3.037 .0012 

361 " " 50 28.46 1.64 128.64 743.51 1. 77 .006 

37. June 26 50 28.54 1.27 -.36 1018.0 -1.655 .0490 119.06 657.41 8.06 1101.0 -1.028 .1520 1.72 .014 .06 835.5 -2.858 .0021 

"1 " " 50 28.90 1.52 111.00 211.31 l.66 .003 

38. June 28 50 29.02 1.12 -.32 1026.5 -1.600 .0548 119.40 237.11 1.02 1176.5 -.507 .3060 1.69 .003 .02 911.5 -2.334 .0098 

381 " " 50 29.34 1.62 118.38 139.88 1.67 .002 

"• June 28 1890 29.40 1.53 .43 454.0b-2.784 .0020 154.75 500. 79 16.28 22a.ob_s.132 0 1.82 .005 .04 255.5b -4. 846 0 

"1 " " 1890 28.97 2.07 138.47 599. 73 1.78 .004 
I-"' 

"'" F=l. 35c <,01 F•l ,20c <.01 F•l. 25c <,01 N 

a R, river samples; 11 spawning channel no, 1 samples; N, number of fry in sample; s 2 , variance of the mean; 
A1, difference between means of parameter (R-1); U, Z, P, statistics of the Hann-Whitney test. 

b Test on sample means, n
1 

• n
2 

• 38. 

c Test on homogeneity of variances. 



APPENDIX TABLE VII: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sock.eye fry in paired samples from Fulton River and Spawning Channel No. 1 in 1970. 

Sample Date 

a 
lR Apr. 29 

I " I " 
2R May 

2 " I " 
3R 

31 

4R 

41 

SR 

s, 
6R 

61 

7R 

1, 

BR 
s, 
9R 

91 

!OR 

10, 

llR 

u, 
12R 

12, 

13R 

131 
14R 

141 

!SR 

1s
1 

16R 

161 

17R 

11, 

May 3 
11 II 

May 4 
11 II 

May s 

II II 

May 6 

" " 
May 7 

11 II 

May 8 
II II 

May 9 
II II 

May 11 
II II 

May 12 
II II 

May 13 
II II 

May 14 
U II 

May IS 
II II 

May 16 

II II 

May 18 
11 U 

May 19 
II U 

N 

so 
so 
49 

so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 

Mean 
Length(mm) 

28.96 

27.98 

30.02 

27.68 

29.94 

28.68 

29.66 

29.04 

29.32 

28.34 

30.14 

28. 74 

29.74 

28.62 

29.70 

28.74 

29. 76 

28.84 

29. 72 

28.82 

29.98 

28.96 

29.66 

29.16 

29.62 

28.90 

29.SB 

28.92 

29.74 

29.18 

30.08 

28.88 

30.12 

29.18 

s2 lli(mm) u z p 

.86 .98 622.0 -4.S04 0 

1.12 

I.IS 2.34 142 -7.741 0 

l.4S 

.92 

1.12 

l.4S 

1.47 

2.02 

2.11 

1.39 

I. 71 

I.OS 

1.91 

1.32 

1.67 

1.33 

2.38 

.98 

l.S4 

1.16 

2.08 

1.29 

1.16 

2.08 

2.0S 

1.39 

1.14 

I. 38 

1.74 
1.22 

2.IS 

1.21 

l.29 

1.26 439.S -S.846 0 

.62 843.S -2.920 .0018 

.98 783.S -3.278 .ooos 

1.40 SS9.S -4.871 0 

1.12 693.S -3.999 0 

.96 769.S -3.42S ,0003 

.92 800.S -3.176 .0007 

.90 710.S -3.84S 0 

1.02 724.0 -3.762 .0001 

.so 9S3.0 -2.IS3 .OIS7 

.72 860.0 -2.7S3 .0030 

,66 8S7.S -2.808 .002S 

.S6 862.0 -2. 7SS ,0030 

1.20 644.0 -4.330 0 

.94 694.S -3.981 0 

Mean 
Weight{mg) 

s2 lli(mg) u z p 

143.68 236.BS 1.86 1138.S -.769 .2209 

141.82 3S9.92 

IS3.31 447.7S 27.23 401.0 -S.770 0 

126.08 297.11 

156.92 

130.96 

139.10 

130.S2 

141.16 

132.58 

146.98 

132.08 

138.16 

128.28 

138.92 

129.40 

141.44 

127.26 

144.28 

126.S6 

143.22 

130.20 

137.76 

127.76 

137.86 

127.S4 

138.24 

121.24 

138.S6 

124.78 

143.16 

12S.S2 

142.S4 

126.60 

354.35 25.96 352.o -6.200 a 
245.BS 

4S7.70 s.ss 938.0 -2.1S3 .OIS7 

330.84 

383.ZS 8.SB 948.0 -2.084 .0186 

3S7.49 

424.24 14.90 691.S -3.8S2 .0001 

307.IS 

291.46 9.88 869.0 -2.628 .0043 

296.79 

380.00 9.S2 894.0 -2.4SS .0070 

270.01 

299.33 14.18 741.S -3.S07 .0002 

4S4.4l 

339.44 17.72 60S.S -4.446 0 

267,6S 

340.43 13.02 735.0 -3.552 .0002 

442.42 

310.28 10.00 838.S -2.841 .0023 

319.63 

511.69 10.32 879.0 -2.SS9 .oosz 
393.49 

483.63 17.00 664.0 -4.042 0 

240.28 

341.61 13.78 689.S -3.866 0 

397.66 
413.17 17.64 6SB.O -4.082 0 

416.3S 

361.29 IS.94 647.0 -4.160 0 

289.S6 

Mean 2 
Index("Ji) S lli("Ji) u z p 

1.81 

1.86 

I. 78 

I.Bl 

1.80 

1.77 

1.74 

1.74 

I. 77 

I.BO 

l.7S 

I. 77 

1.74 

I. 76 

1.74 

1.76 

l.7S 

1.74 

1.76 

1.74 

1.74 

I. 75 

1.74 

1.72 

1.74 

I. 7l: 

1.74 

I. 71 

1.74 

I. 71 

I. 73 

1.73 

1.73 

I. 72 

.002 -,05 

.oos 

.003 -.03 

.003 

618.5 -4.3S4 0 

829.5 -<.768 .ooze 

.002 ,03 7S7.S -3.397 ,0003 

.002 

.002 0 1244.0 -.041 .4836 

.002 

.002 -.03 976.5 -1.886 .0297 

.004 

.003 -.02 973.0 -1.910 .0281 

.003 

.002 -.02 906.0 -2.372 .0089 

.003 

.001 -.02 996.0 -l.7Sl .0400 

,004 

.001 .01 1082.0 -1.lSB .1238 

.004 

.002 ,02 894.0 -2.4SS .0070 

.003 

,003 -.01 1194.S -.383 .3S09 

.003 

.002 ,02 967.S -1.948 .0257 

.003 

.002 0 . 1085,0 -1.138 .1271 

.009 

.002 .03 730.0 -3.585 ,0002 

.002 

.001 ,03 852.0 -2.744 .0031 

.002 

.001 0 1158,0 -.634 .2630 

.003 

.002 .01 976.0 -1.889 .0295 

.003 

I"' 
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Appendix Table VII (cont.) 

sample Date N 

!BR 

181 

19R 

191 

20. 

201 

21R 

211 

22. 

221 

2JR 

"1 
24R 

241 

25R 

251 

26R 

261 

21. 

21, 

2•a 
20, 

29R ,., 
£. ., 

Hay 20 

May 21 

" 
May 22 

Hay 23 

" 
May 25 

Hay 26 

" 
Hay 27 

" 
Hay 28 

Hay 29 

" 
Hay JO 

" 
June 

" 
June 2 

so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 

". 50 

1449 

1450 

Mean 
Length(mm) 

s2 
lli(rmn) u z p 

29.60 

29.12 

29.76 

28.48 

30.06 

29.38 

30.26 

29.06 

30.32 

29.16 

30.16 

29.08 

30.32 

29.38 

30. 18 

29.00 

JO.OD 

29.06 

30.44 

29.30 

29.74 

29.54 

30.20 

29.94 

29.89 

28.94 

1. 51 

1.86 

1.86 

2,66 

1.32 

1. 14 

1. 95 

1,85 

1. 61 

1.73 

1.20 

1.22 

1.04 

1.51 

1.25 

2.33 

1.63 

1.53 

2.05 

2.38 

1.63 

L. 97 

2.16 

1.81 

l.50 

1.89 

F"' 1.26c 

.48 1005.5 -1.734 .0414 

1.28 601.0 -4.606 0 

.68 862,5 -2.811 .0025 

1.20 636.0 -4.334 0 

1.16 606.5 -4.557 0 

1.08 623.0 -4.512 0 

.94 725.5 -3.761 .0001 

1.18 684.5 -3.983 0 

.,94 701.5 -3.884 0 

1.14 763.0 -3.435 .0003 

.20 1182.0 -.486 .3135 

.26 1145.0 -.752 .2260 

.95 32b -6.042 0 

<.01 

Mean 
Weight (mg) 

134.74 

127 .66 

136.86 

116.06 

140.90 

126. 76 

148.62 

123.94 

146.00 

124.76 

144.42 

124.72 

14&.64 

128.06 

143.00 

124.78 

148, 16 

128.80 

148. 36 

126.18 

133.90 

128.44 

140.62 

139 •. 46 

142.67 

127.89 

s2 ll.1 (mg) u z p 

461.60 7.08 1023.5 -1.562 .0592 

516. 53 

484.38 20.80 555.5 -4.789 0 

li07. 74 

430.96 14.lli 740.0 -3.517 .0002 

302.03 

570.84 24.68 500.5 -5.169 0 

395,58 

496.9li 21.24 601.5 -4.473 0 

508 .28 

412.22 19.70 563.5 -4.734 0 

334.01 

586.75 18.58 689.0 -3.869 0 

371.21 

414.16 18,22 676.0 -3.960 0 

633.45 

558.94 19.36 636.5 -4.230 0 

570.34 

616.47 22.18 629.5 -4.279 0 

504.28 

608.59 5.46 1087.0 -1.124 .1305 

508.51 

712.13 1.16 1183,0 -.462 .3221 

863.98 

455.85 14.18 z4b -6.166 o 

413.74 

F • 1.lOc <.01 

Mean 
Index(K

0
) 

l. 73 

1.72 

J.73 

1. 71 

1. 73 

l. 71 

1. 74 

l. 71 

1. 73 

1.71 

1. 74 

1. 71 

1. 73 

l. 71 

1. 73 

1. 71 

1.76 

1.73 

1.73 

I. 71 

l. 71 

1. 70 

1.71 

1.72 

1.74 

1.74 

s2 61(K ) 
D 

u z p 

.002 

.005 

.002 

.003 

.002 

,002 

• 01 1099.5 -1.038 .1497 

.02 988.5 -1.803 .0357 

.02 897.5 -2.431 .0075 

.002 ,OJ 723.0 -3.634 .0002 

,002 

.001 .02 868.0 -2.634 .0042 

.003 

,002 .OJ 922.5 -2.258 .0119 

.002 

.002 .02 950.5 -2.065 .0194 

.002 

,002 .02 1045.5 -1.410 .0793 

,003 

.002 .OJ 769.0 -3.316 .0005 

.007 

.001 .02 781.0 -3.234 .0006 

.002 

.003 .01 1056.0 -1. 338 .0904 

.002 

.002 -.01 1129.5 -.831 .20JO 

,003 

.002 0 

,005 

30lb -1.858 .0316 

F • 2.soc <.01 

a • 2 R, river samples; 1, spawning channel no, 1 samples; N, number of fry in samples; S , variance of the mean; 
~i, difference between means of parameter (R-1); U, Z, P, statistics of the Mann-Whitney test. 

b 
Test on sample means, n

1 
• n

2 
• 29. 

c Test on homogeneity of variances. 

I-' 
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APPENDIX TABLE VIII: Mean lengths, weights and developmental indices, their difference and statistical siqnificance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. l in 1971. 

Sample Date 

a lR Apr. 24 

l " .. 
l 

2R Apr. 26 

2 U II 

l 
3R 

31 

4R 

41 

5R 

51 

6R 

61 

7R 

71 

8R 

81 

9R 
91 

!OR 

101 

llR 

Ill 

12R 

121 

13R 

131 

14R 

141 

15R 

l\ 
16R 

161 

Apr.. 28 
II II 

Apr. 30 
II It 

May 3 

It " 

May 5 
II II 

May 7 
II II 

May 10 
II II 

May 12 
II II 

May 14 

" " 
May 17 

11 II 

May 19 
II II 

May 21 
II II 

May 24 
11 II 

May 26 
II II 

May 2B 
II ll 

N 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

so 

so 

so 

so 

Mean 2 
Length(mm} S Ai(mm) u z p 

28.92 

2B.86 

29. 72 

2B. 7B 

2B.64 

2B.B4 

29.22 

2B.S2 

29.9B 

2B.S4 

30.3B 

29.42 

29.70 

29.12 

30.02 

2B.38 

30.24 

29.46 

29.46 

26.52 

30.00 

29.22 

29.90 

29.20 

30.30 

29.BO 

30.30 

29.66 

30.16 

29.B4 

29. 96 

29.64 

l.59 

1.55 

l.Sl 

1.36 

1. 91 

1.48 

2.lB 

l.64 

l.16 

1.36 

1.30 

l.B4 

.91 

1.29 

.S9 

.B9 

1.08 

.87 

l. lS 

1.60 

.78 

.87 

1.44 

1.14 

1.19 

1.06 

.B3 

l.2S 

1.16 

.91 

1.26 

1.42 

.06 1249.S -.004 .499 

.94 73B.O -3.641 .002 

-.20 1134.0 -.B26 .2044 

.70 B69.0 -2.701 .003S 

1.44 462.0 -S.60B 0 

.96 77S.S -3.41S .0003 

.SB 919.S -2.389 .OOB4 

1.64 249.5 -7.136 0 

.7B 753.5 -3.602 .0002 

.94 696.5 -3.984 0 

.7B 7J7.S -3.9S3 0 

.70 903.0 -2.SOJ .0062 

.so 978.0 -2.0J8 .02J8 

.64 843.S -3.050 .0011 

.32 1042.0 -l.S31 .0629 

.32 1076.5 -1.285 .09B4 

Mean 
Weight(mg) 

J40.10 

144.92 

1S4.02 

139.02 

J46.72 

J3B.1B 

1S3.32 

138.36 

152. JB 

133.34 

JS6. 76 

1S2.32 

JS2. 76 

J43.B6 

159.JO 

132.92 

1S6.B8 

146.SB 

J46.60 

134.24 

149. 70 

132.48 

1SO.S6 

J33.96 

JS8.44 

J42.30 

JS6.86 

J37.S6 

J4S.62 

133.00 

146.88 

139.48 

52 Ai(mg) u z p 

324.88. -4.82 J048.5 -J.390 .0823 

319.69 

24J.43 JS.00 S84.5 -4.S9J 0 

292. 77 

297.20 8.54 B8J.S -2.542 .ooss 

J92.98 

3J0.4J J4.96 617.S -4.363 0 

266.41 

30S.33 18.B4 434.0 -S.627 0 

J79.67 

38J.06 4.44 1J38.5 -.769 .2209 

667.S9 

361.71 8.90 9S2.0 -2.0S6 .OJ99 

382.42 

306.24 26.J6 362.S -6.121 0 

306.97 

374.00 J0.30 800,S -3.JOJ .0010 

.2S6.02 

2S8.06 J2.36 602.S -4.467 0 

269.99 

242.6J 11.22 s2s.o -s.002 o 

202.Sl 

S33.86 J6°,60 732.0 -3.S72 .0002 

309.73 

343.35 J6.J4 64S.S -4.172 0 

311.49 

281.S7 J9,30 S77.0 -4.642 0 

40J.8S 

319.53 12.62 735.5 -3.549 .0002 

2B9.71 

496.24 7.40 9BS.S -l.82S .0339 

381.04 

Mean 2 l1 
Index"Cl)il S i(l)il u z p 

1.79 

1.82 

I.BO 

l.80 

J.84 

J.79 

1.83 

l.8J 

!. 78 

1. 79 

1.77 

1.8J 

1.80 

I.BO 

l.80 

1.79 

1.78 

1.79 

J. 79 

1.79 

t.77 

!.74 

1.77 

l.7S 

1.78 

l.7S 

1.78 

l. 74 

1.74 

J.71 

l. 76 

l.7S 

.004 -.03 Jo22.s -J.s69 .os8s 

..004 

.oos ·o 1126.0 -.855 .J963 

.005 

.oos .os 737.0 -3.S37 .0002 

.004 

.003 .02 J042.0 -J.434 .07S8 

.004 

.007 -.OJ J244.0 -.04J .4836 

.004 

.OJO -.04 1170.0 -.SS2 .290S 

.007 

.003 0 

.004 

1238.0 -.083 .4669 

.003 .OJ 1165.0 -.SB6 .2888 

.003 

.002 -.OJ 1J72.0 -.S38 ,29S3 

.ODS 

.003 0 

.006 

J24J.0 -.062 .4753 

.002 .03 920.S -2.272 .0115 

.002 

.003 .02 912.0 -2.330 .0099 

.004 

.002 .03 674.0 -3.973 0 

.002 

.003 .04 763.S -3.3SS .0004 

.003 

.004 ,03 8S4.0 -2.730 .0032 

.003 

.003 .OJ J061,0 -J,304 .0964 

.003 

f-"' 

"" U1 



Appendix Table VIII (cont.) 

Sample Date N 
Mean s' lll (mm) u z p Mean s' 61(mg} u z p Mean s' Lli(KD} u z p 

Length(mm} Weight(mg) Index(~) 

11. May 31 50 29.98 1.29 -.16 1206.0 -.326 .3722 139.46 480.80 -1.58 1180.5 -.479 .3160 1.72 .OOJ 0 1138.5 -.769 .2209 

171 " " 50 J0.14 2.00 141.04 1216.05 1.72 .003 

"• June 2 50 30.04 1.22 .20 1146.0 -.767 .2215 142.28 396.JO 5.48 1067.5 -1.259 .1041 1. 73 .004 .Ol 1186.0 -.441 .3296 

18
1 " " 50 29.84 1.16 136.80 495.44 l. 72 .005 

19. June 4 50 30.02 I.08 -.32 1089.0 -1.168 .1212 150. 28 526.55 -5.42 1213.0 -.255 .3983 I. 77 ,004 .01 1237.5 -.086 .4657 

191 " " 50 30.34 l. 78 155.70 1244.57 1. 76 .006 

'• 950 29.84 1.43 .57 74b <.001 150.45 383.66 10.66 4lb <,001 1.78 .005 • 01 165.Sb :.>,05 

'• 950 29.27 1.65 139. 79 453.16 1.77 .oos 

F • 1.15c <.01 F • l.18c <.01 F • l.OOc >.01 

• 2 f-"' ~· river samples; I, spawning channel no, 1 samples; N, number of fry in samples; S , variance of the mean; ... 
i, difference between means of parameter (R-1); U, z, P, statistics of the Mann-Whitney test, 

"' b 
Test on sample means, n

1 
"' n

2 
"" 19. 

c Test on homogeneity of variances. 



'APPENDIX TABLE IX: Mean length~, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. l in 1972. 

Sample Date N 
Hean 2 A 

Length{mm) S i{tm11) u z p Hean 
Weight(mg) 

s2 Ai(mg) u z p Mean 2 
index('),) S Ai(K0 ) u z p 

a 
lR May 2 

I " I " 
2R May 4 

2 " I " 
JR 

JI 

4R 

41 

5R 

51 

6R 

61 

7R 
1, 

BR 
a, 
9R 

91 
lOR 

10, 

UR 

11, 

12R 

12, 

!JR 
131 

14. 

141 

15R 
151 
16. 

161 

May 6 

" It 

May 9 
II II 

May 12 
II It 

May 15 

" 
May 17 

11 ti 

May 19 
II It 

May 22 
II II 

May 24 
II It 

May 26 
II II 

May 28 
II II 

May JO 
II II 

June 2 
Tl II 

June S 
II If 

June 7 
II II 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 
50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

28.94 

28.40 

28.76 

28.24 

28.48 

28.04 

29.22 

28.J6 

29.76 

29.00 

29.!ill 

29.J6 

29.56 

29.42 

29.88 

29.54 

29.74 

2~.80 

29.34 

29.50 

29.28 

29.70 

29.56 

29.56 

29.42 

29.54 

29.96 

30.10 

29.28 

29.76 

29.60 

J0.42 

2.02 

2.45 

J.29 

1.08 

2.87 

2.5J 

2.42 

1.17 

1.66 

1.96 

l.5J 

1.54 

.95 

!. 72 

.97 

!.9J 

1.05 

1.59 
.96 

1.19 

.98 

1.77 

1.J5 

l.Jl 

1.55 

1.23 

.98 

l.OJ 

.90 

.84 

1.23 

1.96 

.54 1019.0 -1.632 .0515 

.52 902.0 -2.452 .0070 

.44 1092.0 -1.108 .IJJ9 

.86 867.0 -2.718 .003J 

.76 918.5 -2.350 .0094 

.62 875.0 -2.660 .OOJ9 

.14 11J9.5 -.79J .21J9 

.34 1082.0 -1.202 .1147 

-.06 1246.5 -.025 .4990 

-.16 1128.S -.877 .1902 

-.42 961.5 -2.07J .0208 

.o 1237.5 -.091 .46J7 

-.12 1202.5 -.343 .3658 

-.14 1089.0 -1.162 .1226 

-.48 959.0 -2.141 .0162 

-.82 841.0 -2.925 .0017 

148.28 

1J4 .10 

149.56 

144.92 

J72.47 14.18 905.0 -2.J79 .0087 

745.61 

356.31 4.64 1094.0 -1.076 .1410 

J68.J9 

147.20 J28.67 7.18 1016.0 -1.614 .0533 

140.02 3J7 .58 

150.22 421.67 -2.54 1198.0 -.359 .J598 

152.76 559.92 

152.JO 312.45 -3.64 1126.0 -.855 .1963 

155.94 627 .27 

147.64 275.65 1.44 1159.0 -.628 .2650 

146.20 255.69 

150.54 225.96 3.14 1113.5 -.941 .1733 

147 .40 J41.82 

165.26 

155.32 

284.88 

J94.94 

9.94 916.0 -2.303 .0106 

151.98 2J9.J5 -1.62 1190.0 -.414 .JJ94 

153.60 JOJ.00 
153.48 181.59 4.54 1076.5 -1.197 .1156 

148.94 

146.14 

151.80 

146.J2 

15J.40 

277 .88 

261.7J -5.66 1043.0 -1.428 .0767 

JlJ.94 

J20.49 -7.08 1059.0 -1.317 .0940 

535.78 

144.42 427.08 2.62 ll27.5 -.845 .1991 

141.80 288.14 

15J.36 249.00 6.62 1074.5 -1.211 .1129 

146. 74 2J7 .41 

142.76 J69.55 -6.80 1025.5 -1.549 .0607 

149.56 J59.57 

146.66 J34.20 -10.96 972.5 -1.915 .0277 

157.62 1019.49 

1.83 

1.79 

1.85 

1.86 

1.85 

1.85 

1.82 

1.88 

1.79 

1.85 

1.76 

1.79 

1.80 

1.79 

1.83 

1.82 

1.79 

1.80 
1.82 

1. 79 

1.80 

1.79 

1.78 

1.81 

!. 78 

1.76 

1.78 

1.75 

1.78 

1.78 

1.78 

1.77 

.004 .04 899.0 -2.420 .0078 

.005 

.011 -.01 1017.5 -1.603 .0545 

.005 

.006 0 

.005 

1216.0 -.234 .4075 

.004 -.06 677.5 -3.947 0 

.006 

.002 -.06 6J9.0 -4.212 0 

.007 

.002 -.03 770.5 -3.J06 .0005 

.002 

.-002 0 1091.0 -1.096 .1394 

.004 

.002 .01 872.5 -2.603 .004J 

.003 

.002 -.01 1221.5 -.197 .4219 

.003 

.002 .03 769.0 -3.317 .0005 

.002 

.003 -.01 1203.0 -.324 .J7JO 

.003 

.OOJ -.OJ 947.5 -2.086 .0185 

.oos 

.002 .02 948.5 -2.079 .0188 

.002 

.002 .03 764.5 -J.J48 .0004 

.003 

.004 0 1228.0 -.152 .4396 

.002 

.002 .01 1108.0 -.979 .1637 

.003 

fo"' 
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Appendix Table IX (cont.) 

Sample Date 

ER 
El 

N 

800 

800 

Mean 
Length(mm) s2 6 1(mm) u 

29,42 1.69 

29.30 2.01 

.12 119b 

z p 

>.O 5 

Mean 
Weight(mg) 

52 

149.76 329.35 

148. 76 465.26 

6 1(mg) u 

1,00 125.Sb 

z p 

>,05 

Mean 
Index(K ) 

D 

1,80 

1.81 

52 6i(KD} 

.004 -.01 

.oos 

F • l.19c <,01 F .. l.4lc . <.01 F .. l.25c 

8 R, river samples; 1. spawning channel no. 1 samples; N, number of fry in sample; s 2 variance of the mean; 
fii, difference between means of parameter (R-1); U, Z, P, statistics of the Mann-Whitney test, 

b 
Test on sample means, n1 • n

2 
.. 16. 

c Test on homogeneity of variances. 

u z 

124b 

p 

;.,os 

<.01 

f-"' 
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APPENDIX TABLE X: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. l in 1973. 

Sample Date 

a 
lR May 
1 II II 

I 
2R May 3 
2 II II 

l 
3R May 5 
J II II 

I 
4R Hay 7 

4 II II 

I 
SR Hay 9 
s II II 

l 
6R Hay 12 
6 II II 

I 
7R Hay lS 
7 11 11 

I 
BR Hay 17 
8 11 11 

l 
9R Hay 19 
9 n u 

I 
!OR May 22 
101 II II 

UR Hay 24 
111 II II 

!ZR Hay Z6 
121 II II 

!JR Hay Z9 
131 It II 

14R Hay JI 
141 II II 

15R June 2 

151 II II 

16R June 5 

161 ti II 

N 

so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 

so 
so 
so 
so 
50 

so 
so 

so 

so 
so 

so 
so 
50 
so 

so 

so 
47 

so 

Mean 2 
Length(mm) S A1(.,.) u z p 

2B.72 

2B.46 
27.SB 

ZB.7B 

2B.24 
2B.BB 

29.00 

29.00 
ZB.9B 

ZB.9B 

Z9.J4 

Z9.0Z 
29.40 

Z9.0B 

Z9.34 

2B.6B 
Z9.JZ 

29.ZZ 
29,JO 

Z9.64 

Z9.1Z 

Z9.40 

Z8.98 

Z9.6Z 

Z9.64 

J0.04 

Z9.66 

Z9.96 

Z9.78 

J0.10 
Z9.40 

Z9.74 

J.10 .Z6 1076. -l.2Z7 .1098 
l.6B 

6.74 -1.ZO 881.S -Z.S67 .OOSI 

1.73 
2.SI -.64 964.0 -Z.021 .OZl6 

I.ZS 

1.96 0 1227.0 -.164 .434B 

1.80 

.96 0 IZ4B.O -.Oil .49S6 

1.86 

1.86 .32 IOBO.S -l.Z02 .1147 
l.J7 

l.J9 .3Z IOS2.0 -l.44Z .0747 

1.10 

.68 .66 9!S.S -Z.406 .0081 

1.86 

1.94 .JO IZl7.S -.230 .4090 

1.69 

1.15 -.34 1027.5 -1.615 .0532 

1.09 

l.Zl -.2B 1064.0 -l.JZ9 .09ZO 
1.06 

!.S7 -.64 9Z7.S -Z.JOI .0107 
1.67 

!.ZI -.40 1030.0 -1.60Z .OS46 

1.47 

.96 -.JO 1041.S -1.SOO .0668 
1.39 

1.20 -.3Z 108S.S -l.17B .1194 
!.SZ 

J.JJ -.J4 1100.0 -.S61 .2B74 

.97 

Mean 
Weight(mg) 

142.B6 
155.96 

14B. 70 

ISl.90 
149.SO 

149.2B 
144. 70 

IS7.88 
ISS.66 

IS9.B4 

160.64 

IS9.70 

!SB.BO 

166.46 
ISO.Z2 

148.08 
.152.ZO 

144.S4 
151,64 

IS0.90 
IS8.Z2 

149.ZB 
IS2.22 

ISO.JO 

IS9.9Z 

IS!.80 
IS7.04 

ISS.4B 

168.04 

167.6Z 

IS7 .64 

161.66 

82 A1(mg) u z p 

J9Z.26 -IJ.10 B6B.O -Z.634 .0042 
807.65 

J64.S3 -3.20 1124.0 -O.B69 .19ZS 

347.SI 
263.08 

JSS.90 
.zz IZZJ.S -.183 .4274 

Z48.IO -13.IB 7BO.S -3.239 .0006 

729.96 

ZSZ.S7 -4.IB 1099.S -!.OJ8 .IS69 

4S8.6S 

S41.Z9 .94 1212.S -.2S9 .3978 
S96.04 

267.0B -7.66 1030.0 -l.Sl8 .064S 
6S8.Z4 

170.ZO Z.14 1110.0 -.966 .1670 
7S0.3S 

341.4S 7 .66 969.S -1.934 .OZ66 

474.B9 
316.27 .74 1244.S -.03B .4B4B 

S34.04 

Z79.43 B.94 93B.O -Z.IS3 .OIS7 

4Z3.00 

3B4.9B l.9Z 11B4.0 -.4SS .JZ46 
409.80 

3Sl.J7 B.IZ 90B.s -2.3SS .0092 

SOS.BZ 

3Zl.73 l.S6 1167.S -.S69 .ZB46 
J9J. IB 

JIS.73 

461.J7 
.4Z 124S.O -.OJ4 .4B64 

B66.09 -4.0Z 1090.S -.610 .Z709 

JOJ.BB 

Mean 2 6 
Index(~) S i(~) u z p 

l.B2 

I.BB 

l.9J 

I.BS 
I.BB 

I.BJ 

I .Bl 
l.B6 

I.BS 

!.B7 

I.BS 

l.B7 

!.B4 

l.B9 

1.81 

!.B4 

!.B2 

1.79 
l.BZ 

1.79 

l.B6 

I.BO 

!.B4 

1.79 
1.83 

1.77 

l.BZ 

1.79 

I.BS 

I.BJ 

I.BJ 

l.BJ 

.006 -.06 SBJ.O -4.S98 0 

.007 

.019 .08 B3B.0 -Z.B40 .OOZJ 

.oos 

.004 .OS B41.S -Z.Bl6 .OOZ4 

.006 

.OOS -.OS BSJ.0 -Z.7J7 .OOJI 

.009 

.oos -.oz IOJJ.S -1.493 .0677 

.oos 

.004 -.oz 107Z.O -1.zz7 .109B 

.007 

.003 -.OS 709.0 -3.7JO .0001 

.004 

.003 -.OJ 1097.0 -1.0SS .14S7 

.007 

.oos .03 B66.0 -Z.64B .0040 

.002 

.OOJ .03 99B.O -1.738 .0412 

.007 

.004 .06 64S.S -4.168 0 

.oos 

.003 .os 690,0 -J.B61 0 

.oos 

.ooJ .06 493.o -s.220 o 

.002 

.OOJ .OJ B7S.S -Z.SBZ .0049 

.OOJ 

.ooz .oz B44.S -Z.796 .OOZ6 

.ooz 

.ooz 0 
,OOJ 

1149.S -.IB4 .4Z70 

fo"' 
ol>o 

"' 



Appendix Table X (cont.) 

Sample Date 

•• 
•1 

N 

797 

800 

Mean 
Length(mm) 

52 l!'i{mm) u 

29.11 2.24 -.18 116b 

29.29 1.69 

F "' l. 33c 

z p 

>.05 

<.01 

Mean 
Weight(mg) s' Ai(mg) u 

154.24 385.02 -.80 126b 

155.04 545.00 

F • l,42c 

z p 

>.05 

<,01 

Mean 
Index(!),) 

1.84 

1.83 

s2 ili(K ) 
D 

u 

.006 .01 112.sh 

.006 

F • l.OOc 

a 2 !• river samples; 1, spawning channel no, 1 samples; N, number of fry in sample; S , variance of the mean; 
1, difference between means of parameter (R-1); U, z, P, statistics of the Mann-Whitney test. 

b Teat on sample means, n
1 

• n
2 

• 16. 

c Test on homogeneity of variances. 

z p 

>.05 

>.01 

f-"' 
l11 
0 



APPENDIX TABLE XI: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. 1 in 1974. 

Sample Date N 

lR a Hay 2 50 

11 II II 50 

2R May 17 50 

21 II II 50 

JR May 21 SO 
31 II II 50 

4R May 2S SO 
41 II II 50 

SR May 28 SO 
51 II II 50 

6R Hay 31 50 

61 II II 50 

7R June 4 50 

71 II II 50 

BR June 7 50 

81 II II 50 

eR 400 

El 400 

Mean 2 A 
Length(1mn) S i(mm) u z p 

29.66 

29.06 

29.B4 

29.26 

29.S4 

29.04 

30.SB 

30.S2 

30.36 

29.SO 

29.36 

29.72 

29.66 

29.B2 

29.64 

JO.SO 
29.Bl 

29.67 

1.74 

I. 20 

1.77 

1.63 

l.B9 

l.B4 

S.47 

1.11 

1.62 

l.B9 

0.97 

2.70 

2.96 

l.S4 

2.97 

1.85 

2.S4 

2.0S 

.60 909.S -2.437 .0073 

.SB 961.0 -2.047 .0203 

.so 97B.S -1.923 .0272 

.06 1144.0 .7S7 .224S 

.B6 B3B.O -2.916 .OO!B 

-.36 960.0 -2.06S .0196 

-.16 120B.S -.292 .38SI 

-.B6 B77.0 -2.621 .0044 

.16 25b >.OS 

Mean 
Weight(mg) 

149.0B 

IS2.36 

IS4.20 

1Sl.B4 

1S3.4B 

164.2B 

149.S6 

ISB.12 

IS7.04 

lSS.10 

1S0.6B 

1S2.40 

160.40 

ISS.2B 

149. 76 

164.76 

1S3.02 

156. 76 

s2 Ai(mg) u z p 

442.SI -3.2B 1112.S -.949 .1704 

309.B6 

437.94 2.36 1141.0 -.7S2 .2260 

291.10 

37B.6S -10.BO B62.0 -2.677 .0037 

44B.B4 

S09.4S -8.S6 9S2.S -2.0S3 .0200 

39B.61 

SS0.92 1.94 1198.0 -.3S9 .3S9B 

42S.43 

36S.IB -1.72 1229.0 -0.14S .4423 

4B3.4S 

893.90 S.12 1120.0 -O.B97 .IBSO 

410.S9 

86S.27 -lS.00 7B2.S -3.22S .0006 

389.06 

SS9.9B -3.64 17b 

419.17 

>.OS 

Mean 
Index(!),) 

l.7B 

l.B4 

1.79 

l.B2 

I.Bl 

I.BB 

I. 74 

I. 77 

I. 77 

l.B2 

I.Bl 

I.BO 

I.Bl 

I.BO 

l.7B 

1.80 

1.79 

l.B3 

s2 Ai(K ) 
D 

u z p 

.004 -.06 61S.O -4.37B 0 

.003 

.004 -.03 933.S -2. IB2 .Ol4S 

.004 

.006 -.07 S40.S -4.B92 0 

.oos 

.033 -.03 606.0 -4.44 0 

.003 

.004 -.OS 701.0 -3. 7BS .0001 

.oos 

.003 .01 IOIB.O -1.600 .OS4B 

.009 

.004 .03 937.0 -2.ISB .OIS6 

.002 

.004 -.02 1166.S -.S76 .2B23 

.003 

.008 -.02 

.006 

17.Sb >.OS 

P • l.24c <.01 F • l.34c <.01 ·v • l.33c <.01 

a R, river samples; 1, spawning channel No. 1 samples; N, number of fry in sample; 1s2 variance of the mean; 
41., difference between means of parameter (R-1); u, Z, P, statistics of the Hann-Whitney test. 

b Test on sample means, n1 • n2 • 8. 

c Test on homogeneity of vari8nces. 

I-' 
U1 
I-' 



APPENDIX TABLE XII: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. 1 in·. 1975. 

Mean Mean Mean 
Sample Date n length(om) s' lli (mm) u z p weight(mg) s' lli(mg) u z p index(Kr)i s' 11i("o) u z r 

].,, a Apr 29 50 30.06 1.98 1.14 724.0 -3.705 0 157.10 497 .92 12.40 B43.0 -2.BOB .0025 1.79 .002 -.02 103B.5 -1. 45B • 0724 
11 Apr 30 50 2B.92 1.95 144.70 404.B4 1.Bl .007 
2R May 2 50 30.34 3.66 2.02 450.5 -5.632 0 149.06 414.0B 16.30 739.5 -3.521 .0002 1.75 .007 -.05 816.0 -2.992 .0014 
21 " 50 2B.32 1.9B 132. 76 416.52 1.BO ,005 
3R May 5 50 30.46 1.,60 2.32 332.S -6.431 0 150.56 356.35 -22.0B 654.0 -4.109 0 1.74 .003 -.23 59.5 -B.207 0 
31 " 50 2B.14 2.61 172.64 B02.55 1.97 .010 
4R May 7 50 30.24 .B4 1.62 445.0 -5. 710 0 156.00 241.63 27.02 312.0 -6.470 0 1. 78 .002 .02 1013.0 -1.634 .0512 
41 " 50 2B.62 1.91 129.9B 331.01 1. 76 .003 
5R May 12 4B 29.13 1.22 .21 1126.5 - .536 .2960 142.Bl 312.16 - 2.B3 1113.0 - .619 .2677 1. 79 .003 -.03 91B.5 -2.001 .0227 
51 " 50 2B.92 2.89 145.64 423.90 1.82 .004 
6R May 15 50 29. 76 1.25 .64 B44.5 -2. 927 .0017 140. 74 266.45 - 3.44 1117.5 - .914 .lBOl 1.75 .003 -.05 622.0 -4.330 0 
61 " 50 29.12 1.25 144.18 3B2.41 l.BO .004 
7R May,,19 50 29.68 1.45 .10 11B7 .0 - .445 .32B3 129.70 403.90 -17 .26 773.5 -3.286 .0005 1. 70 .004 -.08 445.0 -5.549 0 f-" 

U1 
71 50 29.5B 2.33 146.96 515.24 l.7B .004 N 
BR May 24 50 30.26 2.52 .6B 963.0 -2.010 .0222 157.B2 609.61 21.34 670.5 -3.996 0 1. 78 .004 .05 650.0 -4.136 0 
B1 " 50 29.5B 2.49 136.4B 602.67 1. 73 .002 

~ 
May 29 50 29.98 2.22 .10 1185.5 - .454 .3255 152.92 616. 71 - .56 1245.0 - .035 .4B60 1.78 ,003 -.01 1187.0 - .434 .3327 

" 50 29.B8 2.07 153.45 508.20 1.79 .004 

?, 448 29.99 1.9B .Bl 5.ob O<p <.001 14B.55 482.9B .55 30,ob >.OS 1.76 .005 -.OS 21.sb >,05 
500 29.18 2.72 147.97 778. 92 1.Bl .008 

F•l,37c <.01 F•l.61C <.01 F•l,6QC <.Ol 

8R, river sample; 1, channelNo.J.aample; N, number of fry in sample; S2, variance of the mean; Ai, difference between means of parameter (R-CH1); 
U, z, P, statistics of the Mann-Whitney test. 

b Test on sample means, n1 •nz •9, 

C-.rest on homogeneity of variances. 



APPENDIX TABLE XIII: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sock.eye fry in paired samples from Fulton River and Spawning Channel No. 1 in 1976. 

Mean 
s2 

Ai Mean Ai 6i 
Sample Date N Length(1ml {Dal u z p lleishtGotl1 s2 Goos> u z p Index{K.n) s2 (Kn) u z p 

ta• April. 30 50 30.20 9.34 2.22 312.0 -6.630 Q 155.24 356.08 26.06 365.0 -6.104 0 1.79 .010 -.01 1102.5 -1.017 .1523 

11 " 23 50 27.98 1.12 129..18 254.00 1.80 .004 

2a May 4 50 29.26 1.42 .86 822.5 -3.013 .0012 157.44 384.04 17.98 572.5 -4.672 0 1.84 .005 .01 1075.5 -1.203 .1145 

21 " " 50 28.40 3.02 139 .• 46 181.16 1.83 .010 

la May 1 50 29.18 1.38 .56 922.0 -2.326 .0100 164.92 369.6913.04 821.0 •2.961 .0015 1.86 .006 -.02 1121.5 - .886 .1878 

31 " 11 50 28.62 2.20 151.88 339.18 1.88 .006 

4a May 14 48 28.90 1.33 -.32 998.5 -1.480 .0694 169.25 365.21 34.67 202.5 -7.092 0 1.91 .007 .16 131.5 -7.594 0 

41 " " 50 29.22 1.60 134.58 289,85 1,75 .003 

5a May 17 49 29.37 1.07 -.01 1141,0 -.621 .2673 145.39 329,51 11,99 721.0 -3,529 .0002 1.79 .003 .05 701.0 -3.668 .0001 

51 " " 50 29.38 .81 133,40. 185.68 1.74 .004 

6a May 21 50 28.88 ,97 .65 751,0 -2.750 ,0030 145.00 246.73 9,86 783.0 •2.405 ,0081 1,82 .004 0 1053.0 -.356 .3609 

61 " " 44 28.23 2.27 135.14 333.30 1.82 .007 

7a May 25 50 29.42 1.02 .40 995.0 -1.835 .0332 150,40 300.92 14.32 680.0 -3.934 .0001 1.80 .002 .OJ 726.5 -3.610 .0002 

71 " " 50 29.02 .96 136,08 238,21 1,77 .002 

Ba June 1 50 28.94 1.49 -.82 855.5 -2.829 .0023 152,16 367,02 6.96 954.0 -2.044 ,0205 1.84 .005 .01 456.0 -5.475 0 

81 " " 50 29.76 2.35 145.20 318.39 1.77 ,005 

Ea 39l 29.27 2.38 .49 2ob .llJO 154.93 399.32.16,86 4b ,0010 1.83 ,007 -.04 uh .0650 

Et 394 28.B 1.97 139.11 360,54 1.79 ,006 

P • l.z1c -s;.01 P • l.llc ..;:.01 P • 1.11c <.01 

8R, river samples; 1, apavning channel no. 1 sample•; H, nuaber of fry in Nlllple; s2, variance of the mean.; Ai, difference between .eans of 
parameter (R-1); U, Z, P, atatiatica of the Mann-whitney test. 

b 
n1 • n2 • 8. 

cTest on homogeneity of variance. 

I-' 
l11 
w 



APPENDIX TABLE XIV: Calculation process for enumeration of nightly 
fry production from Spawning Channel No. l 

Date - June 2-3, 1972 
Start - 22:20 hours 

Hour Period Trap No. 

l 2 3 4 5 

0 0 2 5 l 
5 5 3 3 4 

10 7 5 9 4 
21 21 13 11 18 
48 40 61 41 36 

_l?§.. - - - ;I.!!_5_ - - - • ~Q£. - __ ),.4_3 __ - ·- ;I.Jl.6_ 
I 80 80 90 50 122 I 
-140 160 130 80 235 i 
1165 205 185 105 65j 

00:00 
00:10 
22:20 
22:30 
22:40 
22:50 
23:00 
23:10 
23:20 
23:30 
23:40 
23:50 

TIME ~24:00 
CHECK 00: 10-

·105 290 255 150 90. 
Volume .1195 380 300 185. 100 I 

Sampling1220 310 300 145 9oj 
PERIOD 00.:20 

00:30 
00:40 
00:50 
01:00 
01:10 
01:20 
01:30 
01:40 
01:50 
02:00 
02:10 
02:20 
02:30 
02:40 
02:50 
03:00 
03:10 
03:20 
03:30 
03:40 
03:50 
03:60 

Volume Totals 
Actual Totals 

Volume x 5.11 
(mean fry/ml) 

x 10 ·.lllin. 
Actual x 10 min. 
Grand Totals 

jl80 295 240 130 65j 
.155 235 200 100 60. 
1140 210 175 75 ___ 5.oJ 
i 125 175 140 60 ! 209 
-100 140 115 50 I 169 
I 90 130 105 50 I 129 
i_85_._ 110 80 !·-i4·7-·-- 115 
200 r 90 10 ! 133 06 
181 75 60 ! 153 79 
186 65 __ _2Q_._1 91 66 
130 -. - .5..Q . -· J 164 87 73 
125 161 179 82 75 

81 132 148 82 52 
88 143 114 65 55 
69 108 92 56 45 
58 83 76 52 46 
68 96 74 62 37 
51 61 63 38 25 
39 57 53 35 36 
28 36 31 34 30 
23 19 20 13 17 
12 9 16 12 6 

8 l 2 0 7 
1,860 3,000 2,495 1,180 520 
1,595 1,164 1,318 1,334 1,883 

95,046 153,300 127,495 60,298 
15,950 11,640 13,180 13,340 

110,996 164,940 140,675 73,638 
Nightly Migration = 535,651 

26,572 
18,830 
45,402 

Time Check Calculations for 01:20-01:40 Period 

3135 ml x 51.l = 160 •199 x 100 = 29.9% 
535,651 
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APPENDIX TABLE XV: Calculation process for estimating a total 
nights fry production on reduced sampling 
nights (time check) from Spawning Channel 
No. 1 

Date~ June 4-5, 1972 
Start - 23:50 hours 

Hour Period 
1 

22:20 

23:50 
24:00 100 
00:10 125 
00:20 110 

03:40 
Volume Totals 335 
Actual Totals 

2 

120 
140 
125 

385 

Trap No. 

3 

105 
120 
100 

325 

4 

60 
55 
50 

165 

Volume Count = 5.11 fry/ml x 10 min x 1210 ml/min = 
Actual Count = 345 fry/min x 10 min = 

GRAND TOTAL 

Estimated Catch in Index Period x 
Time Check Calculations (01:20-01:40) 

or 

65,281 x lOO 
29.9 = 

5 

121 
127 

97 

345 

61,831 
3,450 

65 ,2 81 

Estimated Migration for Whole Night 218,331 fry 
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APPENDIX TABLE XVI: Calculation process for fry migration from 
Spawning Channel No. 2 based on standard 
index sampling. 

Date - June 8-9, 1972 

Fishing Time 

22:30-22:35 
23:00-23:05 
23:30-23:35 
00:00-00:05 
00:30-00:35 
01:00-01:05 
01:30-01:35 
02:00-02:05 
02:30-02:35 

l 

Bay No. 

2 

0 
34 

298 
473 
877 
522 
173 

84 
57 

2518 

Step 

1. Estimated catch if trap 2 
fished full index period 
6 x 2518 = 15,108 

2. Estimated catch if trap 2 
fished full 24 hour 
period using June 5-6 
time check 100 x 15 108 

98.90 , 

= 15,276 

3. Estimated catch if all 
traps fished full 24 hour 
period using June 6-7 
area check 100 x 15 276 30.85 , 

= 49,517 

4. Estimated catch for entire 
width of Bay No. 1: 
7.74 x 49,517 = 383,261 

l 

3 

Step 

1. 

2. 

Channel Gauge = 4.20 ft. 

Bay No. 2 

4 5 6 

0 
0 

44 
104 

71 
62 
26 
21 

5 

·- --
333 

Estimated catch if trap 5 
fished full index period 
6 x 2518 = 1998 

Estimated catch if trap 5 
fished full 24 hour 
period using June 5-6 
time check 100 x 11998 

98.61 
= 2,025 

3. Estimated catch if all 
traps fished full 24 hour 
period using June 6-7 
area check · 100 x 2 025 

30.77 , 

= 6, 581 

4. Estimated catch for entire 
width of Bay No. 2: 
7.22 x 6581 = 47,515 

Total nightly estimate A4 + B4 ;-430,776 
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APPENDIX TABLE XVII: Calculation process for fry migration from 
Spawning Channel No. 2 based on time check 
sampling. · 

Date - June 5-6, 1972 

Fishing Time 

22:00-22:05 
22:30-22:35 
23:00-23:05 
23:30-23:35 
00:00-00:05 
00:30-00:35 
01:00-01:05 
01:30-01:35 
02:00-02:05 
02:30-02:35 
03:00-03:05 
03:30-03:35 
04:00-04:05 
04:30-04:35 

Bay No. l 

l 

Index Trap-Area Check = 

= x 100 = % 

Bay No. 

2 

0 
0 

19 
290 
795 

1118 
1390 

845 
447 
149 

49 
6 
l 
0 

5109 

Index Period-Time Check = 

= 505 3 .x 100 =·98~90% · 
5109 

Step 

1. 6 x 5053 = 30,318 

2 · . :kOO: x 30,318 = 30,655 
98~90· 

3. 

4. 

2~?~3 x 30,655 = 108,207 

7.74 x 108,207 =nightly 
estimate of 837,522 

Total nightly estimate 

l 

3 

Channel Gauge = 4.04 ft. 

Bay No. 2 

4 5 6 

0 
0 

14 
113 
397 
522 
967 
497 
249 
149 

28 
10 

3 
0 

2949 

Bay No. 2 

Index Trap-Area Check = 

= x 100 = % 

Index Period-Time Check = 

= ~x·100·= 98.61% 
2949 

Step 

1. 6 x 2908 = 17,448 

2 · lOO x 17,448 = 17,694 
. 98.61 

3. too · x 17,694 = 55,002 
32.17 

4. 7.22 x 55,002 =nightly 
estimate of 397,114 

4 4 
A + B = 1,234,636 
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APPENDIX TABLE XVIII: Calculation process for fry migration from 
Spawning Channel No. 2 based on area check 
sampling. 

Date - June 6-7, 1972 Channel Gauge= 4.02 ft. 

Bay No. l Bay No. 2 
Fishing Time 

22:30-22:35 
23:00-23:05 
23:30-23:35 
00:00-00:05 
00:30-00:35 
01:00-01:05 
01:30-01:35 
02:00-02:05 
02:30-02:35 

Bay No. l 

l 

1080 
540 
193 

1813 

Index Trap-Area Check = 

Al= 1354 x 100 = 30.85% 
4389 

Step 

1. 6 x 3,992 = 23,952 

2 

l 
35 

319 
1105 
1080 

810 
393 
151 

98 

3992 

2 • 9~?go x 23,952 = 24,210-

3. 

4. 

100 30.85 x 24,218 = 78,502 

7. 74 x 78,502 = nightly 
estimate of 601,605 

3 4 5 6 

737 
344 
141 

835 
393 
162 

l 
8 

133 
448 
495 
540 
246 
101 

344 
172 

90 
50 

1222 1390 2023 606 

Bay No. 2 

Index Trap~Area Check = 

A2 = 887 x 100 = 30.77% 
2883 

Step 

1. 6 x 2,023 = 12,138 

2
· 9~?~1 x 12,138 = 12,309 

3. 100 
30.77 x 12,309 = 40,003 

4. 7. 22 x 40.,01>.3 = nightly 
estimate of 28_8,821 

Total nightly estimate A4 + B4 = 896,426 



APPENDIX TABLE XIX: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sock.eye fry in paired samples from Fulton Spawning Channels No. 1 and No. 2 in 1970. 

Sample Date 

I a 
I 

'2 
2, 
22 

31 

32 

41 

42 

51 

52 

61 

62 

1, 

72 
a, 
82 

91 

92 

10, 

102 

"1 

"2 
12, 

122 

131 

132 

141 

142 
1s

1 
152 

161 

162 

11, 

17 2 

Apr. 29 
II II 

Hay 

ti " 

Hay 3 

" 
Hay 4 

II II 

Hay s 
" 

Hay 6 
II II 

Hay 7 
II II 

Hay 8 
II II 

Hay 9 
II II 

Hay 11 
II ti 

Hay 12 
II II 

Hay 13 
II II 

May 14 

" n 

May 15 

" " 
May 16 

" 
Kay 18 

II II 

Hay 19 

" 

N 

so 
so 
50 

so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
50 

so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 

Mean 2 
Length(uan) S 

6
1(uan) u z 

27.98 

29.S2 

27.68 

30.00 

28.68 

30.40 

29.04 

30.64 

28.34 

30.36 

28.74 

30.28 

28.62 

30.32 

28.74 

30.08 

28.84 

1.12 -1.54 369.0 -6.24S 

.83 

1.45 -2.32 99.0 -8.112 

.86 

1.12 -1.72 207.5 -7.472 

.61 

1.47 -1.60 361.0 -6.360 

.89 

2.11 -2.02 350.0 -6.318 

1.46 

1.71 -1.54 551.0 -4.942 

1.92 

1.91 -1.70 464.0 -5.574 

1.28 

1.67 -1.34 530.0 -5.111 

.97 

2.38 -3.38 512.0 -S.190 

32.22 165.36 

28.82 1.S4 -1.26 611.0 -4.517 

30.08 1.63 

28.96 2.08 -1.54 496.0 -5.341 

30.50 1.15 

29.16 1.16 -1.50 488.S -5.442 

30.66 1.58 

28.90 2.05 -1. 76 441.0 -5.698 

30.66 1.37 

28.92 1.14 -1.76 296.0 -6.746 

30.68 .96 

29.18 1.74 -1.08 658.S -4.208 

30.26 1.46 

28.88 2.15 -1.54 507.S -5.249 

30.42 1.27 

29.18 1.29 -1.26 484.S -S.529 

30.44 .91 

p 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mean 
Weight(mg) 

141.82 

149.26 

126.08 

157.74 

130.96 

156 .44 

130.52 

154.62 

132.58 

154.06 

132.08 

147.84 

128.28 

147 .so 
129.40 

145.68 

127.26 

147.88 

126.56 

145.96 

lJ0.20 

IS5.26 

127.76 

153.24 

127.54 

149.76 

121.24 

150. 76 

124.78 

14S.60 

125.52 

147.00 

126.60 

145.84 

52 Ai( mg) u z p 

359.92 -7.44 906.5 -2.370 .0089 

223.94 

297.11 -31.66 232.0 -7.021 0 

302.10 

245.85 -25.48 298.5 -6.574 0 

218.90 

330.84 -24.10 398.5 -5.879 0 

278.02 

357.49 -21.48 559.0 -4.767 0 

505.51 

307.15 -15.76 754.5 -3.418 .0003 

511.14 

296.79 -19.52 544.0 -4.869 0 

314.3S 

270.01 -16.28 622.5 -4.328 0 

314.90 

454.41 -20.62 555.0 -4.794 0 

656.00 

267.65 -19.40 551.0 -4.821 0 

361.16 

442.42 -25.06 469.0 -5.386 0 

393.08 

319.63 -25.48 413.0 -5.773 0 

362.00 

393.49 -22.22 506.0 -5.131 0 

404.16 

240.28 -29.52 232.0 -7.021 0 

296.41 

397.66 -20.82 S43.5 -4.873 0 

440.75 

416.35 -21.48 5Sl.5 -4.817 0 

376.45 

289.56 -19.24 527 .o -4.987 0. 

313.63 

Mean 2 
Index('),) S ~('),) u z p 

1.86 

1.80 

1.81 

1.80 

1.77 

1.77 

1.74 

1.75 

1.80 

I. 76 

I. 77 

I. 74 

1.76 

I. 74 

1.76 

1.75 

I. 74 

1.12 

1.74 

1.75 

1.75 

1.76 

1.12 

1.74. 

1.74 

1.73 

I. 71 

I. 73 

1.11 

1.73 

1.73 

1.73 

1:12 

1.73 

.06 596.5 -4.506 0 .005 
.004 

.003 

.002 

.002 0 

.001 

.01 1109.0 -.972 .1655 

1142. 5 -. 742 • 2290 

.002 -.01 1062.0 -1.297 .0973 

.001 

.004 .04 827.0 -2.917 .0008 

.001 

.003 .OJ 87S.O -2.S86 .0051 

.002 

.003 .oz 1019.0 -1.593 .0556 

.002 

.004 .01 1068.5 -1.251 .1054 

.001 

.004 .02 1172.0 -.538 .2953 

.046 

.003 -.01 1067.0 -1.262 .1034 

.001 

.003 -.01 961.5 -1.989 ,0234 

.002 

.003 -.02 845.5 -2.789 .0026 

.001 

.009 .01 1210.0 -.276 .3890 

.001 

.002 -.02 833.5 -2.872 .0020 

.002 

.002 -.02 831.5 -2.886 .0019 

.001 

.003 0 

.001 

1196.5 -.369 .3561 

.003 -.01 1039.5 -1.4Sl .0734 

.001 

I-' 
U1 

"' 



Appendix XIX (cont.) 

Sample Date 

lBl 

IB2 .. , 
192 

201 

202 

May 20 

" 
May 21 

Hay 22 

N 

50 

50 

50 

50 

50 

50 

Mean 2 A 
Length(mm} S .i(mm) u z 

29.12 

30.66 

28.48 

30. 36 

29.38 

30.52 

1.86 -1.54 486.0 -5.387 

1.09 

2.66 -1.88 468.0 -5.493 

1.87 

1.14 -1. 14 621. 5 -4. 503 

1.32 

p 

0 

0 

0 

Mean 
Weight(mg) 

127.66 

149.56 

116.06 

14 7 .66 

126.76 

149.68 

s2 6 1{mg) u z 

516.53 -21.90 589.S -4.555 

431. 04 

407.74 -31.60 343.0 -6.254 

472.49 

302.03 -22.92 481.0 -5.304 

412.37 

l' 

0 

0 

0 

Mean 2 
Index(K ) S 

6
i(K ) D D 

.005 -.01 

,002 

.003 -.03 

.001 

.002 -.03 

.002 

u z p 

1144. 5 -. 727 • 2338 

776.5 -3.265 .0005 

759.5 -3.382 ,0004 

211 May 23 50 29.06 1.85 -1.30' 545.5 -4.992 0 123.94 395.58 -20.26 575.5 -4.652 0 

I. 72 

1. 73 

1.71 

1. 74 

1. 71 

I. 74 

1.71 

1.72 

1.71 

1.74 

1. 71 

l. 74 
1. 71 

1.73 

1.71 

1.73 

1.73 

1.73 

1.71 

1.73 

1.70 

1.73 

1.72 

1.72 
1.74 

1.74 

.002 -.01 1017.0 -1.607 .0541 

212 

221 

22, 
231 

232 

"1 
242 

251 

2s, 
261 

262 

271 

272 
2a 1 
282 

291 

292 

'1 

'2 

" 
Hay 25 

" 
May 26 

May 27 

Hay 28 

May 29 

" 
Hay JO 

June 

.. " 
June 2 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

1450 

1450 

30.36 

29.16 

30.58 

29.08 

30.92 

29.38 

30.16 

29.00 

30.76 

29.06 

29.64 

29.30 

30.54 

29.54 

30. 72 

29,94 

30.40 

28.94 

1.38 

1.73 -1.42 512.5 -5.204 0 

1.35 

1.22 -1.84 372.0 -6.233 0 

1.99 

1.51 -.78 790.5 -3.280 ,0005 

1.69 

2.33 -1.76 468.5 -5.479 o 
1.66 

1.53 -.58 854.5 -2.835 .0013 

1.75 

2.38 -1.24 672.5 -4.085 0 

1.72 

1.97 -1.18 659.0 -4.178 0 

1.64 

1.81 -.46 915.0 -2.425 .0076 

l, 10 

1.89 -1.51 3b -6.493 0 

30.45 7.07 

F•3.74c <,01 

144.20 

124.76 

151.50 

124.72 

158.20 

128.06 

144.46 

124. 78 

152.36 

128.80 

137.22 

126.18 

149.40 

128.44 

150.72 

139.46 

144.26 

127.89 

436.71 

508.28 -26.74 442.0 -5.572 0 

364.71 

334.01 -33.48 321.5 -6.404 0 

795.00 

371.21 -16.40 723.5 -3.631 .0002 

626.88 

633.45 -27.58 472.5 -5.362 0 

443.49 

570.34 -8.42 903.0 -2.394 .0083 

544.92 

504.28 -23.22 604.5 -4.451 0 

677.90 

508.51 -22.28 579.5 -4.625 0 

491.24 

863.98 -4.80 978.5 -1,873 .0305 

392.29 

413.74 -21.56 2b -6.509 0 

149.45 437 .22 

F • l.06c <.01 

,001 

.003 -.03 

.002 

.002 -.03 

.002 

.002 -.02 

.002 

.003 -.02 

.002 

.007 0 

.003 

.002 -.02 

.002 

.002 -.03 

.002 

.003 0 

.002 

.005 0 

.004 

F • l.25c 

a 1, spawning channel no, 1 sample; 2, spawning channel no, 2 sample; N, number of fry in sample; s 2 , variance of the mean; 
ai, difference between means of parameter (1-2); U, z, P, statistics of the Mann-Whitney test. 

b 
Test on sample means, n

1 
• n

2 
• 29. 

c Test on homogeneity of variances. 

754.0 -3.420 .0003 

728.0 -3.599 .0002 

935.0 -2.172 .0149 

954.5 -2.037 .0208 

1080.5 -1.169 .1212 

851.0 -2.751 .OOJO 

830.0 -2.896 .0019 

1238.0 -.083 .4669 

304.5b-l.804 ,0356 

<,01 

I-' 

"' 0 



APPENDIX TABLE XX: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton Spawning Channels No. l and No. 2 in 1971. 

Sample Date 

a 
1

1 
Apr. 24 

12 " 
21 Apr. 26 

22 " " 
3l Apr. 28 

32 " " 
4

1 
Apr. 30 

42 " " 
51 May 3 

52 " " 
61 May 5 

62 " " 
71 Hay 7 

72 " " 
81 May 10 

82 " " 
91 May 12 

92 " " 
101 May 14 

102 II " 
111 May 17 

112 " " 
121 May 19 

122 u " 
131 May 21 

132 " " 
141 May 24 

142 II " 
151 May 26 

152 II " 
161 May 28 

162 II " 

N 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

5n 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Mean 2 fl 
Length(mm) S i.(mm) u z p 

28.86 

29.92 

2B.7B 

30.00 

2B.84 

29.50 

28.52 

29.68 

28.54 

29.88 

29.42 

29.94 

29.12 

29.56 

2B.38 

29.56 

29.46 

J'Q.50 

28.52 

30.20 

29.22 

30.30 

29.20 

30.46 

29.80 

30.50 

29.66 

30.40 

29.84 

30.42 

29.64 

30.22 

1.55 -1.06 699.5 -3.898 0 

1.34 

1.36 -1.22 574.0 -4.816 0 

1.10 

1.4B -.66 933.0 -2.245 .0123 

2.21 

1.68 -1.16 677.5 -4.079 0 

1.73 

1.36 -1.34 553.0 -4.963 0 

1.54 

l.B4 -.52 966.5 -2.044 .0205 

1.28 

1.,9 -.44 1030.5 -1.571 .0581 

2.37 

.B9 -1.18 516.5 -5.250 0 

1.03 

.87 -1.04 577.5 4.B57 0 

.87 

1.60 -1.68 354.D -6,423 0 

.90 

.87 -1.08 537.0 -5.166 0 

.79 

1.14 -1.26 49B.5 -5.421 0 

1.11 

1.06 -.70 838.5 -3.031 .0012 

1.40 

1.25 -.74 822.0 -3.105 .0009 

1.31 

.91 -.58 876.0 -2.720 .0034 

1.07 

1.42 -.58 943.0 -2.243 .0124 

.95 

Hean 
Weight(mg) 

144.92 

151.96 

139.02 

150.34 

138.18 

147.4B 

138.36 

150.74 

133.34 

150.24 

152.32 

152.10 

143.86 

144.94 

132.92 

149.60 

146.58 

159.98 

134.24 

152.76 

132.48 

151.14 

133.96 

154.62 

142.30 

147.36 

137.56 

146.60 

133.00 

146.64 

139.48 

138.88 

52 6i(mg) u z p 

319.69 -7.04 983.5 -1.838 .0330 

250.14 

292.77 -11.32 783.5 -3.218 .0006 

327.14 

192.9B -9.30 876.5 -2.576 .0050 

384.61 

266.41 -12.38 750.0 -3.448 .0003 

332.43 

179.67 -16.90 655.0 -4.104 0 

437.14 

667.59 .22 1216.5 -.231 .4086 

360.90 

382.42 -1.08 1190.0 -.414 .3394 

439.43 

306.97 -16.66 636.0 -4.235 0 

375.90 

256.02 -13.40 694.5 -3.832 .0001 

282.08 

269.99 -18.52 514.5 -5.074 0 

305.22 

202.51 -18.66 471.0 -5.373 0 

238.80 

309.73 -20.66 572.0 -4.676 0 

419.86 

311.49 -5.06 1059.5 -1.315 .0942 

353.16 

401.85 -9.04 891.0 -2.476 .0068 

275.04 

289.71 -13.64 725.0 -3.621 .0002 

328.14 

381.04 

342.08 

.60 1225.0 -.173 .4313 

Mean 2 A 
Index(!),) S iCl),l u z p 

l.82 

l. 78 

1.80 

l. 77 

1.79 

l.79 

I.Bl 

l. 79 

1.79 

1.78 

I.Bl 

1.78 

1.80 

l. 77 

1.79 

1.79 

1.79 

1.78 

1.79 

I. 77 

1.74 

1.76 

I. 75 

1.76 

l. 75 

1.73 

1.74 

l. 73 

1.71 

l. 73 

1.75 

1.71 

.004 .04 874.5 -2.589 .004B 

.003. 

.005 .03 999.0 -1.731 .0417 

.003 

.004 0 1216.5 -.231 .4086 

.004 

.004 .02 1005-.0 -1.689 .0456 

.003 

.004 .01 1145.0 -.724 .2654 

.007 

.007 .OJ 960.5 -1.996 .0230 

.003 

.004 .03 1000.5 -1.720 .0427 

.005 

.003 0 

.002 

1184.0 -.455 .3246 

.005 .01 1132.5 -.810 .2090 

.002 

.006 .02 1001.S -1.713 •• 0433 

.003 

.002 -.02 1089.0 -1.110 .1335 

.002 

.004 -.01 1082.5 -1.155 .1237 

.002 

.002 .02 906.0 -2.373 .0088 

.001 

.003 .01 1187.5 -.431 .3332 

.002 

.003 -.02 957.5 -2.017 .0218 

.002 

.003 .04 744.5 -3.486 .0002 

.003 

..... 
"' ..... 



Appendix xx (cont.) 

Sample Date N 
Hean s 2 lli(mm) u z p Hean 52 li.i(mg) u z p Hean s 2 ti1cK0) 

Length(mm) Weight(mg) Index(Ko) 

"1 Hay 31 50 J0.14 2.00 -.30 952.5 -2.239 ,0125 141.04 1216.05 1.00 1147.5 -. 707 .2398 1.72 ,003 .02 

192 " " 50 J0.44 • 70 140.04 316.42 1.70 .002 

"1 June 2 50 29.84 1.16 -.58 873.0 -2,850 .0023 136.80 495.44 -13.38 816.0 -2.987 .0014 1.72 .005 -.02 

"2 " " 50 J0.42 • 70 150.18 362.88 1.74 .003 

181 June 4 50 J0.34 1.78 -.66 975.0 -2.000 .0228 155. 70 1244.57 -13.96 919.5 -2.280 .0113 1.76 ,006 -.02 

182 " " 50 31.00 2.78 169.66 1636.16 1.78 .005 

" 950 29.27 1.65 -.88 37b <.001 139. 79 453.16 -10,liB 45b <.001 1.77 ,005 .01 

E2 950 J0.15 1.45 150.28 442.91 1.76 .004 

F • l.14c <.01 F • l.02c <,01 F • l,25c 

a], spawning channel no. 1 sample; 2, spawning channel no. 2 sample; N, number of fry in samples; s2, variance of the mean; 
~i, difference between means of parameter (1-2); U, Z, P, statistics of the Mann-Whitney Test. 

b Test on sample means, n
1 

• n
2 

"' 20. 

c Test on homogeneity of variances. 

u z p 

1159.5 -.1124 .2673 

1048.0 -1.393 .0818 

1163. 5 -.596 .2756 

137b >,as 

<,01 

I-' 

"' tu 



APPENDIX TABLE XXI: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton Spawning Channels No. 1 and No. 2 in 1972. 

Sample Date 

a 
11 Hay 2 

1 " 2 " 
21 Hay 4 

2 " 2 " 
31 Hay 6 

3 " 2 " 
41 

42 
s, 
s2 
61 

62 
1, 
72 

81 

82 

91 

92 
io, 
io2 
u, 
112 
121 

122 

131 

132 
141 

142 
is

1 
1S2 

161 

162 

May 9 
II II 

Hay 12 

" 
May 15 

" 
May 17 

II IT 

May 19 
II II 

Hay 22 

" 
Kay 24 

II II 

May 26 
II II 

May 28 
0 II 

May 30 
II II 

June 2 
II II 

June S 
II II 

June 7 
II II 

N 

so 
so 
so 
so 
so 

so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 

Mean 2 
Length(mm) S 6<Cmnl u z p 

28.40 

29.10 

28.24 

29.44 

28.04 

2.4S -.70 988.0 -l.86S .0310 

1.36 

1.08 -1.20 489.0 -5.450 0 

.70 

2.S3 -1.04 777.0 -3.334 .0006 

29.08 l.S9 

28.36 1.17 -1.66 407.0 -S.946 0 

30.02 1.57 

29.00 1.96 -1.0D 821.S -3.D25 .DD12 

3D.OD l.8D 

29.36 1.54 -.ee 731.5 -3.667 .0001 

3D.24 2.23 

29.42 1.72 -l.D4 697.S -3.897 D 

3D.46 1.48 

29.S4 1.93 -.74 886.5 -2.S72 ,OD51 

3D.28 l.S9 

29,8D l.S9 -.24 1114.S -.962 .168D 

30.04 1.51 

29.SD 1.19 -.7D 828,D -3.DD8 .DD13 

30.20 l.5S 

29.70 1,77 -.36 1102.D -l.DS7 .14S4 

3D.D6 1.61 

29.S6 1.31 -.38 999.0 -1.797 .0361 

29.94 1.98 

29.S4 1.23 -.4D 1D24.S -1.622 .OS24 

29.94 1.16 

3D.10 . 1.03 .D8 122S.S -.176 .43D2 

30.D2 1.98 

29.76 .84 -.28 1009.D -1.742 .0407 

30.04 1.31 

30.42 1.96 

30.22 l.S2 

.20 1146.D -.738 .2301 

Mean 
Weight(mg) 

134.10 

134.92 

144.92 

lSO.lD 

14D.02 

138.68 

s2 "i.(mg) u z p 

74S.61 -.82 1181.0 -.476 ,317D 

28D.9D 

368.39 -S.18 1068.0 -l.2SS .1D47 

33D.08 

337.S8 1.34 1162.0 -.469 .3196 

342.64 

1S2.76 SS9.92 2.98 1209.S -.279 .39Dl 

149. 78 

lSS.94· 

14S.64 

l46.2D 

149.92 

147 .4D 

148.94 

155.32 

366.08 

627.27 1D.3D 89D.S -2.479 .0066 

278.18 

2SS.69 -3.72 1D69.0 -1.248 .106D 

487. 73 

341.82 -l.S4 1181.S -.472 .318S 

283.D2 

394.94 J.02 1084.0 -l.14S .1261 

1S2.30 34S.18 

1S3.60 303.00 8.66 943.S -2.114 .0172 

144.94 304.53 

148.94 

148.04 

lSl.80 

146.84 

lS3.40 

145.84 

277 ,88 

314.7S 

313.94 

413.88 

S3S.78 

479.88 

.90 1210.S -.272 .3928 

4.96 l03S.0 -l.483 .D690 

7.56 1074.S -l.210 .1131 

141.80 288.14 -3.82 1084.S -l.141 .1269 

14S.62 344.71 

146.74 237.41 1.42 l171.0 -.S4S .2929 

l4S.32 373.71 

l49.S6 3S9.S7 l.88 1212.S -.2S9 .3978 

147.68 337.02 

1S7.62 1019.49 S.08 1134.S -.797 .2128 

lS2.S4 Sl3.96 

Mean 2 
Index(ICD) S 6i("JJ) u z p 

1.79 

1.76 

1.86 

l.80 

1.8S 

1.78 

l.88 

1.77 

l.8S 

1. 7S 

1.79 

1.75 

l. 79 

l.74 

1.82 

l.76 

l.80 

1.75 

1.79 

l.75 

1.79 

l.7S 

l.81 

l. 7S 

l. 76 

1. 75 

l,7S 

l.7S 

1.78 

1.76 

l.77 

1.76 

.DDS 
.003 

.DOS 

.003 

.oos 

.OD2 

.006 

.002 

.OD7 

.002 

.002 

.D02 

.004 

.002 

,003 

.002 

.003 

.002 

.002 

.002 

.003 

.001 

.oos 

.D02 

.002 

.002 

.003 

.002 

.002 

.003 

.OD3 

.D02 

.03 848.S -2.768 .0028 

.D6 641.0 -4.199 0 

.07 4S4.S -S.484 0 

.ll 238.0 -6,977 0 

.10 31S.S -6.443 0 

.D4 66D.S -4.D64 0 

.DS S53.S -4.8D2 D 

,06 496.0 -S.198 0 

.OS S2S.D -4.999 0 

.D4 SSl.S -4.816 0 

.D4 618.D -4.358 0 

.06 6S2.0 -4.123 0 

.01 1176.0 -.SlO .3050 

0 1199.0 -.352 .3624 

.02 923.S -2.2Sl .0122 

.01 1205.S -.307 .3794 

I-' 

"' w 



Appendix XXI (cont.) 

Sample Date 

., ., 

• 
BOO 

BOO 

Mean 2 
Length(mm) 5 llt(mm) u 

29.30 2.01 -.64 51 

29.94 1.68 

F • 1.2ac 

z p 

<.001 

>.01 

Mean 
Weight (mg) 

s' Ai(mg) u 

148.76 465.26 2,06 96.Sb 

146.69 375.09 

F • ·1,24c 

z p 

>,05 

<.01 

Mean 2 
Index(K ) S 81(K ) D D 

1.81 

1.76 

.005 

.002 

F .. 2.50c 

,05 

a 1, spawning channel no. 1 sample; 2, spawning channel no. 2 sample; N, number of fry in sample; s 2 , variance of the mean; 
81, difference between means of parameter (l-2); U, Z, P1 parameters of the Hann-Whitney test. 

b Test on sample means, n
1 

• n
2 

• 16. 

c Test on homogeneity of variances. 

u z 

25.Sb 

p 

<,001 

.<.01 

I-' 
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APPENDIX TABLE XXII: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton Spawning Channels No. l and No. 2 in 1973. 

Sample Date 

a 
11 May 
l 11 II 

2 
21 May 3 
2 II II 

2 
31 May 5 
3 II II 

2 
41 May 7 

4 " " 2 
51 May 9 
5 II II 

2 
61 May 12 
6 n II 

2 
71 May 15 
7 II II 

2 
81 May 17 
8 fl 11 

2 
91 May 19 
9 " 11 

2 
101 May 22 

102 ti II 

11, May 24 

112 II II 

12, May 26 
122 II II 

u, May 29 
132 II II 

141 May JI 
142 II II 

15
1 

June 2 

152 " .. 

16
1 

June 5 

162 II " 

N 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 
42 

50 

50 

50 

50 

50 

50 

50 

50 

Mean 2 ti 
Length(um) S i(um) u z p 

28.46 

29.22 

28.78 

28.68 

28.88 

26.44 

29.00 

28.86 

28.98 

29.22 

29.02 

29.28 

29.08 

29.56 

28.68 

29.60 

29.22 

29.76 

29.64 

29.72 

29.40 

29.50 

29.62 

29.67 

J0.04 

J0.16 

29. 96 

JO.JS 

J0.10 

29.68 

29.74 

JO.OB 

1.68 

1.85 

I. 7J 

2.J9 

1.25 

1.52 

I.BO 

3.18 

l.86 

1.60 

I. J7 

1.80 

1.10 

.91 

l.86 

l.Jl 

1.69 

1.74 

1.09 

.66 

1.06 

1.60 

1.67 

.96 

1.47 

1.08 

l.J9 

.85 

1.52 

1.20 

.97 

1.22 

-.76 748.5 -J.578 .0002 

.10 1247.0 -.021 .4916 

2.44 192.0 -7 .408 0 

.14 1196.0 -.JBI .J516 

-.24 1118.0 -.932 .1757 

-.26 1087.5 -1.156 .12J2 

-.48 89J.5 -2.585 .0047 

-.92 774.0 -J.J95 .OOOJ 

-.54 9Jl.O -2.267 .0118 

-.08 1175.5 -.559 .2880 

-.10 1165.5 -.606 .2723 

-.05 992.0 -.47J .Jl81 

-.12 1169.5 -.594 .276J 

-.42 964.5 -2.055 .0199 

.42 IOJ9.5 -1.496 .067J 

-.J4 1042.5 -1.497 .0672 

Mean 
Weight(mg) 

155.96 

144.12 

151.90 

141.88 

149.28 

146.84 

157 .88 

1J9.94 

158.84 

155.86 

159. 70 

141.26 

166.46 

IJB.56 

148.08 

14J.74 

144.54 

147.56 

150.90 

150.22 

149.28 

150.00 

150.JO 

150.24 

151.80 

151.02 

155.48 

151.74 

167.62 

156.82 

161.66 

162.28 

52 6i(mg) u z p 

807.65 11.84 891.5 -2.472 .0068 

J69.18 

J47.51 10.02 890.5 -2.479 .0066 

J29.79 

J55.90 2.44 1150.0 -.690 .2451 

295.71 

729.96 17.94 699.0 -J.801 0 

400. 77 

458.65 3.98 1156.5 -.645 .2594 

257.41 

596.04 18.44 705.0 -J.759 0 

J86.66 

658.24 27.90 4J0.00-5.657 0 

19B.22 

750.J5 4.J4 1201.5 -.JJ5 .J6BB 

JOI.BO 

474.B9 -J.02 1104.0 -1.007 .157J 

4B5.0B 

534.04 .68 1241.0 -.062 .4753 

189.18 

42J.OO -.72 12J5.0 -.104 .45B6 

J71.B4 

409.BO 

277 .J7 

.06 }047 .5 -.020 .4920 

505.B2 .7B llB7.0 -.4J5 .JJIB 

2B9.96 

J93.IB .J.74 1142.0 -.745 .Jl74 

JJ9.B6 

461.37 10.80 883.0 -2.531 .0057 

419.J7 

JOJ.BB -.62 1ZJ7 .5 -.086 .4657 

JOB.22 

Mean 2 
Index(ICD) S 

61(~) u z p 

1.88 

I. 79 

1.85 

l.B2 

I.BJ 

1.99 

l.B6 

I.BO 

1.87 

l.B4 

1.87 

1.78 

l.B9 

1.75 

l.B4 

1.77 

I. 79 

1.77 

1.79 

1.79 

1.80 

1.80 

I. 79 

1.79 

1.77 

1.76 

1.79 

1.75 

1.83 

1.81 

l.8J 

I.Bl 

.007 .09 452.0 -5.502 0 

.004 

• 005 • OJ 911. 5 -2. JJ4 • 0098 

.007 

.006 -.16 159.0 -7.5ZZ 0 

.005 

.009 .06 7J8.0 -J.5JO .0002 

.009 

.005 .03 929.0 -2.213 .0135 

.007 

.007 .09 520.0 -5.033 0 

.009 

.004 .14 158.5 -7.526 0 

.004 

.007 .07 62B.5 -4.285 0 

.MJ 

.002 .oz IOJ7.5 -1.465 .0714 

.004 

.007 0 

.002 

.005 o 

.OOJ 

1185.5 -.445 .3282 

IZ27.0 -.157 .4J76 

.005 .o IOIJ.O -.290 .J859 

.005 

.002 .01 1190.0 -.414 .JJ94 

.OOJ 

.OOJ .04 758.5 -J.JB9 .OOOJ 

.OOJ 

.ooz .oz 1112.5 -.94B .1716 

.OOJ 

.OOJ .02 1060.5 -l.J07 .0956 

.002 

I-' 
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Appendix XXII (cont.) 

Hean Mean 
Samo le Dat:e N Length(mm) 

s2 /.\i(mm) u z p 
Weight(mg) 

s2 6i(mg) u z p 

'1 800 29.29 1.69 -.07 99.Sb >.01 

'2 792 29.36 2.23 

F .. l.32c <.01 

a 1• spawning channel no. 1 sample; 2, spawning channel no. 
i, difference between means of parameter (l-2); U, z, P, 

b 
Test on sample means, n

1 
• n2 • 16. 

c Test on homogeneity of variances, 

155,04 545.00 6.81 59• <,01 

148.23 361.55 

F • l.5lc <.01 

2 sample; N, number of fry in sample; s 2 , 
statistics of the Mann-Whitney test. 

Mean s2 !J.l(K
0

) 
Index('),) 

1.83 .006 .03 

1.60 .008 

F .. l.)Jc 

variance of the mean; 

u z p 

65.Sb .001<p <,Ql 

< .01 

I-' 
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APPENDIX TABLE XXIII: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fr:y in paired samples from Fulton Spawning Channels No. 1 and No. 2 in 1974. 

Sample Date N 
Hean 2 Length(mm) S Ai(um) u z p Hean 

Weight(mg) 
82 6i(mg) u z p Hean 

Index(l),l 
s2 h1c~l u z p 

• 

a 
11 Hay 2 50 

12 II It 50 

21 May 6 50 

22 II II 50 

31 Hay 10 50 

)2 II II SQ 

41 Hay 14 50 

42 II II SQ 

51 Hay 17 50 
s

2 
II II SQ 

61 May 21 50 
6
2 

It II SQ 

71 May 25 50 

72 It " 50 

81 Hay 28 50 
82 fl II SQ 

91 Hay 31 50 
92 II II SQ 

101 June 4. 50 

102 11 
II 50 

11 1 June 7 50 

112 II II 50 

£1 550 

•2 550 

29.06 

29.64 

29.20 

30.20 

28.82 

30.30 

28.52 

30.42 

29.26 

30.64 

29.04 

30.46 

J0.52 

30.02 

29.50 

29.86 

29.72 

30.14 

29.BZ 
30.86 

30.50 

30.54 

29.45 

30 •. 28 

1.20 -.58 917 .5 -2.367 .0089 

I. 91 
1.39 -1.00 708.5 -3.848 .0001 

1.43 
1.09 -1.48 504.0 -5.266 0 

1.85 

2.46 -1.90 415.0 -5.850 0 

1.64 

1.63 -1.38 574.0 -4.766 0 

1.83 

1.84 -1.42 539.0 -5.021 0 

1.32 

1.11 .so 937 .0 ·-2.252 .0121 

1.65 

1.89 -.36 1063.0 -1.334 .0911 

1.92 

2.70 -.42 1070.0 -1.278 .1006 

1.63 

1.54 -1.04 634.0 -4.370 0 

1.89 

1.85 -.04 1209.5 -.289 .3863 

1.19 

2.os -.BJ 1ab .OOl<p <.01 

1.68 

F • 1.22c <.01 

152.36 

139.00 

164.40 

148 .28 

146.92 

141.04 

152.32 

150.40 

151.84 

147.60 

164.28 

140.96 

158.12 

148.08 

155.10 

145.62 

152.40 

148.36 

155.28 

159.28 

164.76 

149.40 

156.16 

147 .09 

309.86 13.36 740.0 -3.519 .0002 

343. 71 

491.29 16.12 720.5 -3.652 .0001 

403.45 

328.06 5.88 1000.5 -1.121 .0426 

410.50 

351.92 1.92 1179.0 -.490 .3121 

418.14 

291.10 4.24 1067.5 -1.259 .1040 

478.06 

448.84 23.32 503.5 -5.151 0 

337.20 

398.61 10.04 941.5 -2.129 .0166 

451.61 

425.43 9.48 883.5 -2.529 .0057 

473.45 

483.45 4.04 1169.5 -.555 .2898 

396.22 

410.59 -4.00 1022.0 -1.573 .0579 

219.73 

389.06 15.36 745.0 -3.484 .0003 

364.96 

419.17 9.07 14b 

411.85 

F • l.02c 

<.001 

<.01 

1.84 

1.75 

1.87 

1.75 

1.83 

1.71 

1.87 

1.75 

1.82 

1.72 

1.88 

1. 71 

1.77 

1.76 

1.82 

I. 76 

1.80 

1.75 

1.80 

1.76 

I.BO 

1.73 

1.83 

1.74 

.003 

.004 

.006 

.002 

.003 

.003 

.006 

.004 

.004 

.002 

.005 

.002 

.003 

.002 

.005 

.002 

.009 

.005 

.002 

.005 

.003 

.002 

.006 

.004 

F • I.SOC 

.09 259.5 -6.829 0 

.12 186.0 -7.336 0 

.12 150.0 -7 .584 0 

.12 193.5 -7.285 0 

.10 248.5 -6.905 0 

.17 12.0 -8.535 0 

.01 1139.5 -.762 .2230 

.06 533.5 -4.940 0 

.os 934.0 -2.179 .0146 

.04 550.0 -4.827 0 

.07 448.0 -5.530 0 

.09 0 0 

<.(Jl 

a 2 l. spawning channel no. 1 sample; 2, spawning channel no. 2 sample; N, number of fry in sample; S variance of the mean; 
A1, difference between meane of parameter (1-2); U, z. P, statistics of the Hann-whitney test. 

b 
Test on sample means, n

1 
• n2 • 11 

c Test on homogeneity of variancea. 

I-' 
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APPENDIX TABLE XXIV: Mean lengths, weights and developmental indices, their difference and statistical significancer 
of sockeye fry in paired samples from Fulton Spawning Channels No. 1 and No. 2 in 1975. 

Mean Mean Mean 
Sample Date n length(mm) s' 6i(mm) u • p weight(mg) s' 6i(mg) u z p index("J,) s' awc0 J u z p 

1, a Apr 30 50 28.92 1.95 "1.48 495.0 -5.370 0 144.70 404.84 -22.24 478.0 -5.323 0 1.81 .007 0 1205.0 - .310 .3783 
1, " 50 30.40 .94 167.24 321.92 1.81 .004 
2, Hay 2 50 28.32 1.98 - .94 823.0 -2.998 .0013 132. 76 416.52 -18.80 666.0 -4.028 0 1.80 .005 -.02 1003.0 -1. 702 • 0444 
2, " 50 29.26 2.93 151.56 470.96 1.82 .005 
31 Hay 5 50 28.14 2.61 -1.42 657.0 -4.153 0 172.64 802.55 16.22 822.5 -2.958 .0015 1.97 .010 .15 278.0 -6.701 0 
3, " 50 29.56 2.50 156:42 509.57 1.82 .010 
4, Hay 7 so 28.62 1.91 - .92 746.5 -3.598 .0002 128.98 331.01 - 8.62 928.5 -2.218 .0132 1. 76 .003 .01 1080.0 71.i.72 .1206 
4, " 50 29.54 .99 137.60 261.16 1. 75 .003 
s, Hay 12 50 28.92 2.89 - .80 893.5 -2.514 .0060 145.64 423.90 - 8.56 1245.0 - .034 .4870 1.82 .004 .06 601.0 -4.475 0 
s, " 50 29. 72 1.51 154.20 372.55 1.76 .001 
6, May 15 50 29.12 1.25 -1.16 611.5 -4.539 0 144.18 382.41 - 2.68 1177.0 - .504 .3075 1.80 .004 .06 604.5 -4.451 0 
6, " 50 30.28 1.35 146.86 407.53 1.74 .002 
1, May 19 50 29.58 2.33 - .68 900.5 -2.465 .0068 146.96 515.25 3.56 1182.5 - .466 .3206 1.78 .004 .06 611.5 -4.402 0 
1, " 50 30.26 1.67 143.40 530. 75 1.72 .003 I-' 8, May 24 50 29.50 2.49 - .76 881.0 -2.633 .0042 136.48 602.27 -18.78 714.5 -3.698 0 1. 73 .002 -.04 774.5 -3.278 .ooos "' 8, " 50 30.34 1.25 155.26 518.10 1. 77 .003 "' 9, May 29 50 29.88 2.07 - .24 1132.0 - .834 .2026 153.48 508.20 3.44 1194.0 - .386 .3498 1.79 .004 .03 916.5 -2.299 .0107 
9, " 50 30.12 1.70 150.04 475.53 1.76 .002 

10, June 3 50 30. 72 2.61 - .32 1003.0 -1. 744 .0406 173.88 1437 .37 - 6.54 970.0 -1.931 .0267 1.81 .003 -.01 1100.5 -1.031 .1513 
10, " 50 31.04 1. 71 180.42 555.39 1.82 .002 

E, 500 29.18 2.72 - .87 u.oh -.025 147.97 778.92 - 5.43 32.oh - >.OS 1.81 .008 .03 39,5b - >.OS 
E, 500 30.05 1.88 154.30 575.52 1.78 .005 

F-1.45c <.Ql F-l.J5C <,01 P•l.60c <.01 

a 
1, channelnn.lsample; 2. channelno.2sample; N, number of fry in sample; 52, variance of the mean; A1, difference between means of parameter (Ch1-Chz); 

u, z, P, statistics of the Mann-Whitney test. 

bTest on sample means, n1 •n1 •10. 

cTest on homogeneity of. variances. 



APPENDIX TABLE XXV: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fr:y in paired samples from Fulton Spawning Channels No. l and No. 2 in 1976. 

Hean l!.i 
Sample Date N Length(mm) 52 (mm) u z 

a 
11 Apr. 23 50 

12 " 
21 Hay 

22 " 

fl 50 

4 50 

II 50 

31 Hay 11 50 

32 " " 50 

41 Hay 14 50 

42 " " 50 

51 May 17 50 

52 fl " 50 

61 May 21 44 

62 " 11 50 

7i Hay 25 50 

72 " " 50 

81 Hay 28 50 

82 11 
II SQ 

91 June 

92 

101 

102 

r1 
E2 

" 
June 

" 

1 50 

II 50 

4 50 

u 50 

494 

500 

27.98 1.12 -1.20 442.5 -5.428 

29.18 .72 

28.40 3.02 -1.46 543.5 -4.996 

29.86 .86 

28.62 2.20 -.94 790.0 -3.244 

29.56 2.17 

29.22 1.60 -1.54 545.0 -4.983 

30.76 2.02 

29.38 .81 -.42 952.5 -2.193 

29.80 1.10 

28.23 2.27 -2.51 198.5 -6.951 

30.74 1.26 

29.02 .96 -.70 764.5 -3.516 

29.72 .78 

29.22 

29.24 

29.76 

29.44 

26.66 

28.62 

28.88 

1.11 -.02 1221.0 -.209 

1.13 

2.35 

• 74 

1.84 

.85 

.32 1121.0 -.937 

.24 1137.5 -,612 

1.97 -.82 15.5b 

29.67 1.54 

F • 1.2ac 

p 

0 

0 

.0006 

0 

.Ol42 

0 

.0002 

.4172 

.1744 

,2067 

.OOl<p <.01 

<.01 

Hean 6i 
(mg) 

Hean lli 
Weight (mg) 52 u z P Index(Kol s 2 (Kol u z p 

129.18 254.00 -17 .78 521.5 -5.025 0 1.80 

1.81 146.96 

139,46 

138.40 

151.88 

148.88 

134,58 

145.76 

190.92 

181,16 1.06 1211.0 -.269 .3940 1.83 

288,01 1.73 

339,18 3.00 1158.0 -.635 .2627 1.86 

288.69 1.79 

289.85 -11.18 789.5 -3.177 .0007 1.75 

296.86 1.71 

133.40 185.68 -8.14 815,0 -3.001 .0010 1.74 

141.54 196.02 1.75 

135.14 333.30 -9.82 783.0 -2.404 .0081 1.82 

144.96 217.86 1.71 

136,08 238.21 -9.04 811.0 -3.034 .0012 1.77 

145.12 179.47 1.77 

139.44 290.47 -3.00 1074.0 -1.214 .1123 

142.44 294.11 

145.20 

140.60 

146,26 

140.68 

139.11 

318.39 

304.05 

802.63 

308.85 

4.60 1104.5 -1.004 .1577 

5.60 1168.5 -.812 .2084 

360.54 -4.42 21b .05 

1.77 

1. 78 

1.77 

1.76 

1.82 

1.81 

1.79 

1.76 

.004 -.01 1217.5 -.224 .4113 

.002 

.010 .10 414.5 -5.761 0 

.002 

.006 .07 568.5 -4.699 0 

.004 

. 003 • 04 826. 0 -2. 923 • 0018 

.005 

.003 -.01 1156.0 -.648 ,2585 

.002 

.007 .11 294.0 -6.108 0 

.004 

.002 0 1216.5 -.231 .4086 

.002 

.002 -.01 1052.5 -1.362 .0866 

.002 

.005 .01 1100.0 -1.035 .1503 

.002 

• 004 • 01 1215. 5 -. 236 • 4071 

.003 

.006 .03 29b 

.004 

>.05 

143.53 261.69 

F • l.38c <.01 F • l.SOc <.01 

al, apawning channel no. 1 samples; 2, spawning channel no. 2 samples; N, number of fry in sample; 52 , variance of the mean; l!.i, difference between 
means of parameter (1-2); U, z, P, statistics of the Hann-Vhitney test. 

b 
n1 • n2 • 10. 

cTest on homogeneity of variances. 

I-' 
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APPENDIX TABLE KKVI: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. 2 in 1970. 

Sample Date N Mean /), 
Length(mm) s

2 
i(mm) u z p 

lR a Apr.29 50 

12 fl " 50 

2R May 1 49 

22 .. " 50 

JR May 3 50 

32 " " 50 

4R May 4 50 

42 " " 50 

SR .May 5 50 
s

2 
II II 50 

6R Hay 6 50 

62 ti fl 50 

7R May 7 50 

72 II II 50 

BR May B 50 

82 It " 50 

9R May 9 50 

92 II II 50 

lOR May 11 50 

102 II II 5Q 

l!R May 12 50 

· 112 II II 50 

l~ Hay lJ 50 

122 

l~ 

132 
14R 

142 

!SR 

152 

16R 

162 

17R 

172 

II II 50 

Hay 14 50 

" II 50 

Hay 15 50 
II II 50 

May 16 50 

" II 50 

Hay 18 50 

" " 50 

Hay 19 50 

" II 50 

2B.96 

29.52 

30.02 

J0.00 

29.94 

J0.40 

.B6 

.BJ 

1.15 

.B6 

.92 

.61 

-.56 830.0 -3.075 .0011 

.02 1195.5 -.21B .41J7 

-.46 941.0 -2.353 .0093 

29.66 1.45 -.9B 69B.5 -4.0JO 0 

J0.64 .B9 

29.J2 2.02 -1.04 771.0 -J.407 .OOOJ 

JO.J6 1.46 

30.14 1.39 -.14 1238.5 -.083 .4669 

30.28 1.92 

29. 74 l.05 -.5B 912.0 -2.461 .0069 

J0.32 l.2B 

29.70 1.32 -.JB 970.0 -2.004 .0225 

JO.OB • 97 

29.76 1.33 -2,46 863.5 -2.747 .0030 

J2.22 165.J6 

29. 72 

JO.OB 

29 .. ,B 

.98 -.36 1004.0 -1.782 .0373 

l.6J 

1.16 -.52 926.0 -2.JJ6 .0097 

J0.50 1.15 

29.66 1.29 -1.00 746.5 -J.599 .0002 

J0.66 

29.62 

30.66 

29.5B 

J0.6B 

29.74 

J0.26 

JO.OB 

30.42 

J0,12 

J0.44 

l.5B 

2.0B -1.04 791.0 -J.270 .0005 

l. J7 

l.J9 -I.LO 599.0 -4.676 0 

.96 

l.JB -.52 1025.0 -1.609 .05JB 

1.46 

l.22 -.J4 999.5 -L.B26 .OJ39 

1. 27 

1.21 -.32 1056.5 -1.413 ,0790 

.91 

Mean 
Weight(mm) 

52 ~i(mm) u z p 

143.68 236.85 -5.58 862.5 -2.674 ,0038 

149.26 223.94 

153.31 447.}5 -4.4J 1069.5 -l.OB9 .1J90 

157.74 J02.10 

156.92 354.35 .4B 1246.5 -.024 .4904 

156.44 218.90 

139.10 457.70 -15.52 708,0 -3.738 .0001 

154.62 27B.02 

141.16 JBJ.25 -12.90 B94.0 -2.456 .0069 

154.06 505.51 

146.9B 424.24 -.B6 11B2.0 -.469 .J192 

147.B4 511.14 

IJB.16 291.46 -9.64 B75.5 -2.5BJ .0049 

147.BO Jl4.J5 

LJB.92 JB0.00 -6.76 945.5 -2.100 .0179 

145.6B Jl4.90 

141.44 299.JJ -6.44 962.0 -l.9B6 .02JS 

147 .88 656.00 

144.2B 3J9.44 -1.6B 117B.5 -.49J .JllO 

145.96 J6l.16 

143.22 340.43 -12.04 839.0 -2.835 .0023 

155.26 39J.OB 

137.76 Jl0.2B -15.48 699.0 -J.B02 .0001 

15J.24 J62.00 

LJ7.B6 511.69 -11.90 B71.0 -2.614 .0045 

149.76 404.16 

lJB.24 4BJ.6J -12.52 75J.5 -J.425 .OOOJ 

150.76 296.41 

lJB.56 J41.61 -7.04 105B.5 -1.J21 .0916 

145.60 440.75 

143.16 413.17 -3.84 1065.0 -1.276 .1010 

147.00 J76.45 

142.54 J6L.29 -J.JO ll3J.5 -.B04 .2107 

145.84 JLJ.6J 

Mean 
Index(Kn) 

1.81 

l.BO 

l.7B 

1.80 

1.80 

1. 77 

1. 74 

1. 75 

1.77 

1.76 

1. 75 

1.74 

l. 74 

1.74 

l. 74 

l.75 

l.75 

l. 72 

l. 76 

1.75 

1. 74 

l. 76 

1,74 

1.74 

1.74 

l. 7J 

l. 74 

l. 7J 

1.74 

l.73 

l. 7J 

l.7J 

l. 7J 

l.7J 

52 ~i(Ko) u z p 

.002 .01 1029.0 -1.524 .0638 

.004 

.003 -.02 901.5 -2.264 -.0117 

.002 

.002 .03 791.5 -3.166 .0008 

.001 

.002 -.01 1071.5 -1.231 .1090 

.001 

.002 .01 997.0 -1.745 .0405 

.001 

.003 .01 1172.5 -.534 .2967 

.002 

.002 a 

,002 

1096.5 -1.058 .1451 

.001 -.01 ILJ6.0 -.7B6 .2160 

.001 

.001 .OJ 1151.5 -.679 .2486 

.046 

.002 .01 1000.0 -1.724 .042J 

.001 

.003 -.02 1036.0 -1.476 .0713 

.002 

.002 0 1178.0 -.497 .3096 

.001 

.002 

.001 

.002 

.002 

.001 

.001 

.001 

.001 

.002 

.001 

.01 ILOB.O -.979 .16JB 

.01 1096.5 -i.05B .1451 

0 12J4. 0 -. llO • 4562 

0 1244. 0 -.041 .4BJ6 

0 ll47.0 -.710 .2JB9 

I-' 
-.J 
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Appendix XXVI (cont.) 

Sample Dat:e N Hean 2 
Length(mm) S 6t(mm) u z p 

lBR May 20 50 

182 " " 50 

19R Hay 21 50 

192 " tt 50 

20R Hay 22 50 

202 " ,,· 50 

21R May 23 50 

212 " " 50 

22R May 25 50 

222 " " 50 

"• 
"2 

"• 
242 

2s. 
252 

26R 

262 

"• 
272 

28R 

282 

29R 

292 

'• 
'2 

May 26 50 

" 50 

May 27 50 

50 

May 28 50 

" " 50 

May 29 50 

" 50 

May 30 50 

.. 50 

June 1 50 

" 50 

June 2 50 

.. so 

1449 

1450 

29.60 1.51 -1.06 655.5 -4.218 0 

30.66 1.09 

29.76 1.86 -.60 1002.5 -l.786 .0370 

30.36 1.87 

J0.06 1.J2 -.46 990.s -1.Bss .0J1a 

J0.52 LJZ 

30.26 I.95 -.10 1209.5 -.288 .3867 

30.36 1.38 

30.32 1.61 -.26 1102.5 -1.059 .1448 

JO.SB 1.35 

30.16 

30.92 

30.32 

30.16 

30 .18 

30.76 

30.00 

29.64 

30.44 

30.54 

29.74 

30.72 

30,20 

30.40 

2.9.89 

30.45 

1.20 

1.99 

1.04 

1.69 

1.25 

1.66 

1.63 

1.75 

2.os 
1.72 

1.63 

1.64 

2.16 
1.10 

1.50 

1.01 

-. 76 878,0 -2.694 ,0036 

.16 1206.5 -.315 .3764 

-.SB 864.0 -2.749 ,0030 

.36 1027.0 -1.588 .0561 

-.10 1185,0 -.460 .3228 

-.98 724,5 -3.711 .0001 

-.20 1106.5 -1.017 .1546 

-.56 104b -4.922 0 

Hean 
Welght(mm) 

s2 l:.f(mm) u z p Hean 
Index(KD) 

134.74 461.60 -l4.82 768,0 -3.325 .0004 1.73 

149.56 431.04 1.73 

136.86 484.38 -10.80 902.0 -2.400 .0082 1.73 

147.66 472.49 1.74 

140.90 430.96 -8.78 967.5 -1.948 .0257 1.73 

149,68 412.37 1.74 

148.62 570.84 4.42 1082.0 -1.159 .1232 1.74 

144.20 436.71 1.72 

146.00 496.94 -5.50 1029.5 -1.521 .0642 1.73 

151.50 364.71 1.74 

144.42 412.22 -13.78 983.5 -1.838 .0330 

158.20 795.00 

146.64 586.75 2.18 1238.5 -.079 .4685 

144.46 626.88 

143,00 414.16 -9.36 858.5 -2.700 .0035 

152.36 443.49 

148.16 558.94 10.94 913.0 -2.324 .0101 

137.22 544.92 

148.36 616.47 -l.04 1205.5 -.307 .3794 

149.40 677.90 

133.90 608.59 -16.82 728.5 -3.596 .0002 

150.72 491.24 

140.62 712.13 -3.64 1106.5 -.990 .1611 

144.26 392.29 

142.67 455.85 -6.78 1J5b -4.440 0 

149.45 437.22 

1.74 

L 74 

1.73 

1.73 

1. 73 

1.73 

1.76 

1. 73 

1.73 

L 73 

1.71 

1.73 

1.71 
1.12 

1.74 

1.74 

s 2 Ai(K ) 
0 

u z p 

.002 D 1206,5 -.JOO .3821 

.002 

.002 -.01 1039.5 -1.451 ,0734 

.001 

.002 -.01 1053.5 -1.355 .0869 

.002 

.002 .02 900.5 -2.410 .0080 

.001 

.001 -.01 1110.0 -.965 .1672 

.002 

.002 0 

.002 

.002 0 

.002 

.002 0 

.002 

1166.0 -.579 .2813 

1231.5 -.128 .4491 

1138.5 -.769 .2209 

.002 .OJ 863.0 -2.668 .0038 

.003 

.001 0 1187.5 -.431 .3332 

.002 

.003 -.02 1048.5 -l.389 .0824 

.002 

.002 -.01 1102.0 -l.020 .1539 

.ooz 

.002 0 

.004 

384b -.568 • 2850 

F•4.7lc <.01 F•l ,04c <.01 F•2.00c <.01 

a R, river samples; 2, spawning channel no, 2 samples; N, number of ft·y in samples; s 2 , variance of the mean; 

6!, difference between means of parameter (R-2); U, Z, P,~statistics of the Mann-Whitney test. 

b 
Teat on sample means, nl • n2 • 29. 

c Test on homogeneity of vat:iances. 

I-' 
-.J 
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APPENDIX TABLE XXVII: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. 2 in 1971. 

Sample Date N 

lR a Apr. 24 50 

12 II II 50 

2R Apr. 26 50 

22 " " 50 

3R Apr. 28 50 

32 II 11 50 

4R Apr. 30 50 

4
2 

II II 50 

SR May 3 50 

52 " " 50 

6R May 5 50 

62 " " 50 

7R Hay 7 50 
7
2 

n II 50 

BR May 10 50 

8
2 

II II 50 

9R May 12 50 

92 II II 50 

!OR !fay 14 50 
10

2 
U II 50 

llR Hay 17 50 

112 ti 
11 50 

12R May 19 50 

122 " " 50 

l3R May 21 50 

13
2 

II II 50 

14R Hay 24 50 

14
2 

II II 50 

15R May 26 50 

152 .. .. 50 

16R May 28 50 

16
2 

ti II 5Q 

Mean 2 6 
Length(mm) S i(mm) u z p 

2B.92 

29.92 

29, 72 

30.00 

2B.64 

29.50 

29.22 

29.6B 

29.9B 

29.BB 

30.3B 

29,94 

29.70 

29.56 

30.02 

29.56 

30.24 

30.50 

Z9.46 
30.20 

30.00 

30.30 

29.90 

30.46 

30.30 

30.50 

30.30 

30.40 

30.16 

30.42 

29.96 

30.22 

1.59 -I.DO 703,0 -3.867 0 

1.34 

1.51 -.28 1092.0 -1.146 .1263 

1.10 

1.91 -.86 B54.5 -2.7B7 ,0026 

2.21 

2.IB -.46 1049.0 -1.422 .0775 

1.73 

1.16 .10 1186.5 -.454 .3262 

1.54 

1.30 .44 1018.5 -1.707 .0439 

1.28 

.91 .14 1162.0 -.637 .2621 

2.37 

.59 .46 905.0 -2.560 ,0052 

1.03 

I.OB -.26 1068.0 -1.329 .0920 

.B7 

1.15 -.74 781.0 -3.486 .oooz 
.90 

.7B -.30 994.5 -1.911 .02BO 

.79 

1.44 -.56 B6B.5 -2.740 .0031 

I.II 

1.19 -.20 1107.5 -1.042 .1496 

1.40 

.B3 -.10 1193.0 -.423 .3361 

1.31 

1.15 -.26 1073.0 -1.301 .0966 

1.07 

1.26 -.26 1112.0 -1.017 .1546 

.~ 

Mean 
Weight(mg) 

140.10 

151.96 

154.02 

150. 34 

146. 72 

147.4B 

153.32 

150. 74 

152.18 

150.24 

156.76 

152.10 

152.76 

144.94 

159.10 

149.60 

156.88 

159.9B 

146.60 

152.76 

149. 70 

151.14 

150,56 

154.62 

158.44 

147.36 

156.B6 

146.60 

145.62 

146.64 

146.8B 

13B.BB 

s2 6i(mg) u z p 

324.B8 -ll.B6 747.5 -3.465 .0003 

250.14 

241.43 3.68 1105.5 -.997 .1594 

327.14 

297.20 -.76 1217.5 -.224 .4114 

3B4.61 

310.41 2.SB 1155.5 -.652 .2572 

332.43 

1os.11 1.94 1101.s -1.024 .1s29 

437.14 

381.06 4.66 1025.0 -1.552 .0604 

360.90 

361.71 7.82 1028.0 -1.531 .0629 

439.43 

306.24 9.50 B97.5 -2.432 .0075 

375.90 

374.00 -3.10 1197.5 -.366 .3572 

2B2.0B 

Z5B.06 -6.16 1098.5 -1.045 .14BO 

305.22 

242.61 -1.44 113B.O -.773 .2197 

23B.80 

533.B6 -4.06 IOB2.5 -1.155 .1237 

419.86 

343.35 II.OB B22.0 -2.954 .0016 

353.16 

2Bl.57 10.26 B6B.50-2.632 .0043 

275.04 
319.53 -1.02 1204.5 -.314 .3768 

328.14 

496.24 8.oo 969.5 -1.935 .0265 

342.0B 

Mean 2 /J. 
Index(~) S i(~) u z p 

1.79 

1.78 

I.BO 

I. 77 

l.B4 

1.79 

1.83 

1.79 

1.78 

1.78 

I. 77 

I. 78 

1.80 

1.77 

1.80 

I. 79 

I. 7B 

l.7B 

I. 79 

I. 77 

1.77 

I. 76 

1.77 

1.76 

l.78 

1.73 

I. 7B 

I. 73 
1.74 

I. 73 

1.76 

I. 71 

.004 .01 1097 .o -1.055 .1467 

.003 

.005 .03 860.5 -2.685 .0036 

.003 

.005 .os 6Bl.O -3.923 0 

,004 

.003 .04 793.0 -3.151 .OOOB 

.003 

.007 0 1158.0 -.634 .2630 

,007 

.010 -.01 1064.5 -1.279 .1005 

.003 

,003 .03 1006.5 -L.679 .0466 

.005 

.003 .01 1147.0 -.710 .23B9 

.002 

.002 0 1209.5 -.279 .3901 

.002 

.003 .02 9B7 .s -1.810 .0351 

.003 

.002 .01 1059.0 -1.317 .0938 

.002 

.003 .02 1019.0 -1.593 .0556 

.002 

.002 .os 377.0 -6.020 0 

.001 

.003 .05 626.5 -4.306 0 

.002 

.004 .01 1094.0 -1.076 .1410 

.002 

.003 .05 589.0 -4.559 0 

.003 

f-" _, 
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Appendix XXVII (cont.) 

Sample Date N 
Hean s2 At(,.,,) u z p Hean s2 A,(mg) u z p Hean s2 

Length(mm) Weight(mg) Index(K
0

) 

17R May 31 50 29.98 1.29 -.46 927.0 -2.406 ,0081 139.46 480,80 -.58 1232.5 -.121 .4518 1.72 ,003 

172 " " 50 30.44 .70 140.04 316.42 1. 70 .002 

'"• June 2 50 30.04 1.22 -.38 983.5 -2.025 .0214 142.28 396.30 -7 .90 964.0 -1.973 .0242 1.73 .004 

182 " " 50 30.42 .10 150.18 362.88 1.74 ,003 

19. June 4 50 30.02 1,08 -.98 827.0 -3.045 .0011 150.28 526.55 -19.38 884.0 -2.525 .0054 1.77 ,004 

192 
.. " 50 31.00 2.78 169.66 1636.16 1.78 .005 

•• 950 29.84 1.43 -.31 115,Sb >,01 150.45 383.66 .17 166b >,Ol 1.78 .005 

<2 950 30.15 1.45 150.28 442.91 1. 76 ,004 

F"' I.Ole >.01 F"' l.15c <.01 F • l.25c 

a R, river samples; 2, spawning channel no. 2 samples; N, number af fry in samples; s2 variance af the mean; 
~. difference between means af parameter (R-2); U, Z, P 1 statistics of the Mann-Whitney test. 

b 
Test on sample means, n

1 
• n

2 
.. 19. 

c Test on homogeneity of variances. 

6i(KD) 

.oz 

-.01 

-.01 

.02 

u z p 

1011.5 -1.645 .0500 

1087.0 -1.124 .1305 

1123.5 -.872 .1916 

121h >,01 

<,01 

I-' 
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APPENDIX TABLE XXVIII: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. 2 in 1972. 

Sample Date 

lR a May 2 

l " 2 " 
2R May 4 

2 " 2 " 
JR May 6 

J " 2 " 
4R Hay 9 

42 " 
5R Hay 12 

52 " " 
6R May 15 

62 " " 
7R May 17 

72 " 
8• Hay 19 

82 " " 
9R Hay 22 

92 " " 
!OR Hay Z4 

102 II " 
u. Hay 26 

112 II " 
12. May 28 

122 If " 
lJR Hay JO 
132 II 

14R June 2 

142 11 " 
lSR June S 

152 n 

16R June 7 

162 II " 

N 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 
50 

50 

so 
so 
50 

50 

50 

50 

50 

50 

50 

50 

50 

Mean 
Length(mm) 

28-94 

29. LO 

28.)6 

29.44 

28.48 

29.08 

29.22 

J0.02 

29.76 

J0.00 

29.98 

J0.24 

29.56 

J0.46 

29.88 

J0.28 

29. 74 

J0.04 

29,34 

30.20 

29.28 

J0.06 

29.S6 

29.94 

29.42 

29.94 

29.96 

J0.02 

29.28 

J0.04 

29.60 

30.22 

s2 61(mm) u z p 

2.02 

l.J6 

3.29 

. 70 

2.8) 

1.59 

2.42 

1.57 

1.66 

I.BO 

1.53 

2.2J 

.95 

1.48 

.97 

l.59 

1.05 

1.51 

.96 

l.55 

.98 

1.61 

l.J5 

l.98 

1.55 

1,16 

.98 

1.98 

.90 

I.JI 

l.2J 

1.52 

-.16 1222.0 -.199 .42ll 

-.68 1049.5 -1.449 .0736 

-.60 996.5 -1.784 .0372 

-.80 847.5 -2.829 .0023 

-.24 1150.5 -.709 .2482 

-.26 1067.0 -1.297 .0978 

-.90 689.0 -4.001 0 

-.40 1006.5 -l.7JB .0410 

-.JO 1095.0 -1.113 .1328 

-.86 711.0 -3.850 .0001 

-.78 BOJ.O -J.227 .0006 

-.38 996.S -1.806 .OJ54 

-.S2 972.0 -2.012 .0221 

-.06 1148.0 -.)JO .2327 

-.76 740,0 -J.688 .0001 

-.62 9J).0 -2.251 .0122 

Mean 
Weight(mg) 

148 .28 

134.92 

149.56 

150.LO 

147.20 

138.68 

150.22 

149.78 

LS2.JO 

145.64 

147.64 

149.92 

150.54 

148.94 

165.26 

LS2.JO 

lSl. 98 

144.94 

153.48 

148.04 

146.14 

146.84 

146.32 

14S.84 

144.42 

l4S.62 

LSJ.36 

l45.J2 

142.76 

147.68 

146.66 

l52.S4 

s2 6i(mg) u z p 

J72.47 1J.J6 740.5 -3.Sl4 .0002 

280.90 

J56.3l -.54 1244.5 -.OJB .4846 

JJO.OB 

328.67 8.52 966.0 -1.959 .0250 

J42.64 

421.67 .44 ILS9.0 -.628 .2650 

366.08 
Jl2.4S 6.66 1000.0 -L.724 .042J 

278 .18 

27S.65 -2.28 1150.0 -.690 .2451 

487. 73 

225.96 1.60 1186.5 -.438 .3307 

28J.02 

284.88 12.96 758.5 -3.389 .OOOJ 

J4S.18 

2J9.3S 7.04 960.S -l.996 .02JO 

304.5J 

181.59 5.44 1035.5 -1.479 .0695 

Jl4.75 

261,73 -.70 1247.5 -.017 .4932 

413.88 

320.49 .48 l~J).5 -.086 .46SB 

479.88 

427.0B -1.20 l22J.O -.186 .426J 

J44.71 

249.00 8~04 1016.0 -l.614 .05JJ 

373.71 

369.55 -4.92 1065.5 -1.272 .1017 

J37 .02 

J34.20 -S.88 1069,0 -1.249 .1058 

513.96 

Mean 2 6 
Index(l<D) S i{I),) u z p 

1.83 

L.76 

l.85 

1.80 

L.85 

L.78 

1.82 

1.77 

l. 79 

l. 75 

l. 76 

l. 75 

1.80 

l. 74 

I.BJ 

1.76 

1.79 

l.7S 

1.82 

l. 75 

1.80 

l. 75 

1.78 

l. 75 

l.78 

l.75 

l. 78 

1.75 

1.78 

1.76 

l. 78 

1.76 

.004 

.OOJ 

.011 

.OOJ 

.006 

.002 

.004 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

.002 

,002 

.002 

.OOJ 

.001 

.003 

.002 

:002 

.002 

.002 

.002 

.004 

.OOJ 

.002 

.002 

.07 474 .5 -5 .J47 0 

.05 970.5 -1.927 .0270 

.07 494.5 -5.209 0 

.05 599.0 -4.488 0 

.04 656.5 -4.092 0 

.01 1112.0 -.951 .1708 

.06 381.5 -5.988 0 

.07 286.S -6.643 0 

.04 508.5 -5.ll2 0 

.07 259.0 -6.832 0 

.OS 597.5 -4.499 0 

.OJ 919.5 -2,279 .0113 

.03 859.0 -2.696 .OOJ5 

.OJ 655.0 -4. IOJ 0 

.02 965,0 -1.965 .0247 

.02 1000.0 -1.724 .0423 

I-' 
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Appendix XXVIII (cont.) 

Sample Date N 
Mean s' 6t(mm) u z p He a a s' ll.1 (mg) u z p Hean s' Length(mm) Wei.ght{mg) Index(K

0
) 

R 
800 29.42 1.69 -.52 38. <,001 149. 76 329.35 J.06 B9.5b >.05 I.BO .004 

2 
800 29. 94 1.68 146.69 375.09 1.76 .002 

F,. l.Olc >.01 F ., l .14c <,01 F • 2.ooc 

8 
R, river sample; 2, spawning channel no. 2 sample; N, number of fry in sample; s2 

variance of the mean; 
6t, difference between means of parameter (R-2); U, Z, P 1 statistics of the Hann-Whitney test, 

b 
Test on sample means, n

1 
~ n

2 
• 16. 

c Test on homogeneity of variances. 

bi("i,) u 

.04 15,.)b 

z p 

·-----
<.001 

<.01 

I-' ..., 
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APPENDIX TABLE XXIX: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. 2 in 1973. 

Sample Date 

a 
lR May 

1 " 2 " 
2R May 3 

2 " 2 " 
JR May 5 

3 " 2 " 
4R May 7 

4 " 2 " 
SR May 9 

52 " 
6R Hay 12 

62 " " 
7R May 15 

72 

BR 

82 

9R 

92 

!OR 

102 

UR 

112 

12R 
122 

lJR 

132 

14R 

142 

!SR 

152 

16R 

162 

" " 
May 17 

" 
Hay 19 

" 
May 22 

II II 

Hay 24 
,, " 

Hay 26 
U II 

May 29 
U II 

Hay 31 
II tt 

June 2 

" If 

June 5 
II II 

N 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 
42 

50 

50 

50 

50 

50 

50 

47 

50 

Mean 2 
Length{mm) s 6<cmml u z p 

28. 72 

29.22 

27 .58 

28.68 

28.24 

26.44 

29.00 

28.86 

28.98 

29.22 

29.34 

29.28 

29.40 

29.56 

29.34 

29.60 

29.32 

29.76 

29.30 

29.72 

29.12 

29.50 

28.98 
29.67 

29.64 

30.16 

29.66 

30.38 

29.78 

29.68 

29.40 

30.08 

3.10 -.50 1049.5 -1.419 .0779 

1.85 

6.74 -1.10 908.0 -2.384 .0086 

2.39 

2.51 1.80 496.0 -5.284 0 

1,52 

1.96 .14 1168.5 -.578 .2817 

3.18 

.96 -.24 1086.5 -1.164 .1225 

1.60 

1.86 .06 1235.0 -.106 .4578 

1.80 

1.39 -.16 1100.5 -1.084 .1392 

.91 

.68 

1.31 

1.94 

1.74 

1.15 

.66 

1.21 

1.60 

1.57 
.96 

1.21 

1.08 

.96 

.85 

1.20 

1.20 

3.33 

1.22 

-.26 1034.5 -1.571 .0581 

-.44 964.0 -2.029 .0212 

-.42 949.5 -2.205 .0137 

-.38 1003.0 -1.760 .0392 

-.69 691.0 -2.943 .0015 

-.52 938.5 -2.277 .0113 

-.72 743.0 -3.642 .0002 

.10 1210.5 -.283 .3886 

-.68 940.0 -1.753 .0398 

Hean 
Weight(mg) 

142.86 

144.12 

148.70 

141.88 

149.50 

146.84 

144.70 

139.94 

155.66 

155.86 

160.64 

141.26 

158.80 

138.56 

150.22 

143. 74 

152.20 

147.56 

151.64 

150.22 

158.22 

150.00 

152.22 

150.24 

159.92 

151.02 

157 .04 

151. 74 

168.04 

156.82 

157.64 

162.28 

s2 61(mg) u z p 

392.26 -1.26 1231.5 -.128 .4491 

369.18 

364.53 6.82 1024.0 -1.559 .0549 

329. 79 

263.08 2.66 1149.0 -.697 .2429 

295.71 

248.10 4.76 1064.0 -1.283 .1000 

400. 77 

252.57 -.20 1192.0 -.400 .3446 

257.41 

541.29 19.38 660.0 -4.071 0 

386.66 

267.08 20.24 400.0 -5.864 0 

198.22 

170.20 

301.80 

341.45 

485.08 

6.48 1009.0 -1.663 .0482 

4.64 1124.0 -.869 .1925 

316.27 1.42 1242.5 . -.052 .4793 

189.18 

279.43 8.22 919.5 -2.281 .0113 

371.84 

384.98 1.98 969.5 -.631 .2640 

277.37 

351.37 8.90 840.0 -2.829 .0023 

289.96 

321.73 5.30 1035.0 -1.484 .0691 

339.86 

315.73 11.22 890.5 -2.479 .0066 

419.37 

866.09 -4.64 1081.0 -.679 .2486 

308.22 

Mean .2/j 
Index{!),) S iCl),l u z p 

1.82 

1.79 

1.93 

1.82 

1.88 

1.99 

1.81 

1.80 

1.85 

1.84 

1.85 

1.78 

1.84 

1.75 

1.81 

1.11 

1.82 

1.77 

1.82 

1.79 

1.86 

1.80 

1.84 

1.79 

1.83 

1.76 

1.82 

1. 75 

1.85 

1.81 

1.83 

1.81 

.006 .03 973.5 -1.906 .0286 

.004 

.019 .11 649.0 -4.143 0 

.007 

.004 -.11 269.5 -6.760 0 

.005 

.005 .01 1063.5 -1.286 .0994 

.009 

.005 .01 1108.5 -.976 .1620 

.007 

.004 .07 570.5 -4.685 0 

.009 

.003 .09 235.5 -6.995 0 

.004 

.003 

.003 

.oos 

.004 

.003 

.002 

.004 

.003 

.003 

.005 

.003 

.003 

.003 

.003 

.002 

.003 

.002 

.002 

.04 

.05 

.03 

.06 

.05 

.07 

.07 

.04 

.02 

602.5 -4.465 0 

704.5 -3.761 .0001 

851.0 -2.751 .0030 

623.0 -4.323 0 

611 -3.442 .0003 

463.5 -5.423 0 

443.0 -5.564 0 

761.5 -3.368 .0004 

946.0 -1.653 .0492 

.... ..., 
en 



Appendix XXIX (cont.) 

Sample 

£. 

£2 

Date N 
Mean s' li.1(mm) u z p Mean s' 61 (mn) u z p Mean s' 

Length(mm) Weight(mg) Index(')i) 

797 29.11 2.24 -.25 83b .05 154 .24 385.02 6.01 63.Sb .OOl<p <.01 1.84 .006 

792 29.36 2.23 148.23 361 .55 1.80 .008 

F • l.OOc >,01 F .. l,06c <,01 F. l.JJC 

a R, river samples; 2, spawning channel no. 2 samples; N, number of fry in sample; s2, variance of the mean; 
~i, difference between means of parameter (R-2); U, Z, P, statistics of the Mann-Whitney test. 

b Test on sample means, n
1 

• n
2 

• 16. 

c Test on homogeneity of variances, 

Al(",,) u z 

.04 3l 

p 

,, .001 

<.01 

..... ..., ..., 



APPENDIX TABLE XXX: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sock.eye fry in paired samples from Fulton River and Spawning Channel No. 2 in 1974. 

Sample Date N 

lR a May 2 50 

12 " fl so 
2R Hay 17 SO 
2

2 
II II SO 

JR May 21 50 

32 II II 50 

4R May 25 50 

42 II II 50 

SR May 28 50 

52 II U 50 

6R May 31 JO 

62 II 11 SQ 

7R June 4 50 
7

2 
II II 50 

BR June 7 50 

82 II II 50 

ER 400 

•2 400 

Hean 
Length{mm) 

29.66 

29.64 

29.B4 

30.64 

29.54 

30.46 

30.SB 

29.86 

30.36 

30.02 

29.36 

30.14 

29.66 

30.B6 

29.64 

30.54 

29.B3 

s2 '\(mm) u z p 

1.74 .02 1246.0 -0.02B .4BBB 

1.91 

1.11 -.BO B3B.O -2.924 .OOlB 

1.83 

1.89 -.92 171.5 -3.366 .0004 

1.32 

5.4.7 .56 912.0 -2.393 .0083 

1.92 

1.62 .50 1012.5 -1.687 .0458 

1.65 

0.97 -.7B 75B.O -3.505 .OC02 

1.63 

2.96 -1.20 717.0 -3.767 .0001 

1.19 

2.97 -.90 B33.0 -2.946 .0016 

1.19 
2.54 -.45 13,Sb .Ol<p <.05 

30.28 1.68 

F • l.51c <.01 

Mean 
Weight(mg) 

149.0B 

139.00 

154.20 

147 .60 

153.4B 

140.96 

149.56 

145.62 

157 .04 

14B.OB 

150.68 

14B.36 

160.40 

159.2B 

149.76 

149.40 

153.02 

s2 '\(mg) u z p 

442.51 10.0B BB3.5 -2.52B .0057 

343.71 

437.94 6.60 1014.0 -1.628 .0518 

47B.06 

376.65 12.52 811.0 -3.029 .0013 

337.20 

509.45 l.4a 1246.0 -.02B .4BBb 

473.45 

550.92 11.42 B69.0 -2.62B .0043 

451.61 

365.IB 2.32 1189.5 -0.417 .3383 

396.22 

B93.90 1.12 1228.0 -0.152 .4396 

219.73 

B65.27 .36 1202.0 -.331 .3695 

364.96 

559.98 5.93 8b .OOl<p. <.Ul 

147.29 411.85 

F • l.36c <.01 

u z p 
Mean 

Index(!),) s2 Ai('),) 

1.7B 

1.15 

1.79 

1.72 

I.Bl 

1.71 

1.74 

I. 76 

1. 77 

1.76 

I.Bl 

1.15 

1.83 

1.76 

l.7B 

1.73 

1.79 

1.74 

.004 .03 719.5 -3.65B .0001 

.004 

.004 .07 440.0 -5.585 0 

.002 

.006 .10 229.5 -7. 036 0 

.002 

.003 -.02 636.5 -4.230 0 

.002 

• 004 .OJ 1111.0 - .95B .1690 

.002 

.003 .06 478.5 -5.320 0 

.005 

.004 .07 401.0 -5.B53 0 

.005 

.004 .05 599.5 -4.485 0 

.002 

.008 .05 

.004 

Sb .001 

F • 2.ooc <.01 

a 2 
R, river sample; 2, spawning channel no. 2 sample; N, number of fry in sample; S , variance of the mean; 
61, difference between means of parameter (R-2); U, Z, P, statistics of the Mann-Wltitney test. 

b Test on sample means, n
1 

• n2 • 8. 

c Test on homogeneity of variances. 

..... 
-.J 
cc 



APPENDIX TABLE XXXI: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. 2 in 1975. 

Mean Mean Mean 
Sanr,>le Date N length(mm) s' 6i(mm) u z p weight(mg) s' 61(mg) u z p index(l\:,J s' 61(Kr;/ u z p 

lR 
a Apr 29 50 30.06 1.98 - .34 1071.5 -1. 281 .1002 157.10 497. 92 -10.14 863.0 -2.670 .0038 1.79 .002 -.02 1035.5 -1.479 .0695 

1, Apr JO 50 30.40 .94 167.24 321.92 l.BL .004 
2R May -2 50 30.34 3.66 1.08 915.0 -2.362 .0091 149.06 414.08 - 2.50 1128,0 - .841 .2002 1.75 .007 -.07 647.0 -4.157 0 
2, " 50 29.26 2.93 151.56 470.96 1.82 .005 
3R May 5 50 30.46 1.60 .90 860.0 -2. 762 .0029 150.56 356.35 - 5.86 1039.5 -1.451 .0734 1.74 .003 -.08 630.0 -4.274 0 
3, " 50 29.56 2.50 156.42 509.57 1.82 .010 
4R May 7 50 30.24 .84 .70 795.0 -3.391 ,0003 156.00 241.63 18.40 517.0 -5 .055 0 1.78 .002 .03 808.5 -3.044 .0012 
4' " 50 29.54 .99 137.60 261.16 1. 75 .003 
SR May 12 48 29.13 1.22 - .59 844.5 -2. 635 . 0042 141.81 312.16 - 2,39 1120.0 - ,568 .2849 1. 79 .003 .03 828.5 -2.640 .0041 
s, " 50 29. 72 1.51 145.20 372.55 1. 76 .001 
6R May 15 50 29.76 1.25 - .52 962.5 -2. 062 • 0196 140. 74 266.45 - 6.12 1035.0 -1.483 .0690 1.75 .003 .01 1208.0 - .290 .3859 
6, " 50 30.28 1.35 146.86 407.53 1. 74 .002 
7R Hay 19 50 29.68 1.45 - .58 935.0 -2. 239 • 0125 129.70 403.90 -13.70 821.0 -2.959 .0015 1. 70 .004 -.02 931.0 -2. 200 • 0139 

7 ' " 50 30.26 1.67 143.40 530.75 1. 72 .003 
BR May 24 50 30.26 2.52 - .08 1242.0 - .057 .4766 157 .82 609.61 2.56 1201.0 - .338 .3677 1.78 .004 .0 1082.0 -1.158 .1234 
a, " 50 30.34 1.25 155.26 518.10 1.77 .003 
9R May 29 50 29.98 2.22 - .14 1199.5 - .358 .3602 152.92 616. 71 2.88 1166,5 - .576 .2823 1.78 .003 .02 980.0 -1.861 .0313 
9, " 50 30.12 1.70 150.04 475.53 1. 76 .002 

ER 448 29.99 1.98 - .06 39,oh - >,OS 148.55 432.98 - 4.85 40.0 - >.as 1.76 .005 -.01 36,5b - >.03 
E, 500 30,05 1.88 153.40 575.52 1.78 .oos 

F•l,QSC <.01 F•l.19c <.01 F•l.ooc >.01 

8R. river sample; 2, channelno.Zsample; N, number of fry in sample; S2, variance of the mean; A1, difference between means of parameter (R-Ch1); 
U, z, P, statistics of the Mann-Whitney test. 

bTest on sample means, n1 •n2 •9. 

cTest on homogeneity of variances. 

..... ..... 
\0 



APPENDIX TABLE XXXII: Mean lengths, weights and developmental indices, thelr difference and statistical significance, 
of sockeye fry in paired samples from Fulton River and Spawning Channel No. 2 in 1976. 

Mean 61 Mean 
52 

61 Mean 61 
Sample Date N Length{mm) 52 (mm} u z p Weight{mg) (mg) u z p Index(Kn) 52 (Knl u z p 

1 a 
R Apr. 30 50 30.20 9.35 1.02 847.0 -2.890 .0019 155.24 356.08 8.28 921.5 -2.267 .0117 1.79 .010 -.02 1051.0 -1.372 .0850 

12 " " 50 29.18 .72 146.96 190.92 1.81 .002 

2a May 4 50 29.26 1.42 -.60 906.5 -2.484 .006S 1S7.44 384.04 19.04 588.0 -4.S65 0 1.84 .oos .ll 214.0 -7.143 0 

22 " " 50 29.86 .86 138.40 288.01 1.73 .002 

3R May 7 50 29.18 1.38 -.38 1091.0 -1.128 .1296 164.92 369.69 16.04 641.0 -4.204 g 1.88 .006 .09 448.0 -S.530 0 

32 May ll so 29.S6 2.17 148.88 288.69 1.79 .004 

4a May 14 48 28.90 1.33 -1.86 372.0 -6.006 0 169.2S 36S.21 23.49 4So.o -S.332 0 1.91 .007 .20 67.S -8.049 0 

42 " " so 30.76 2.02 14S.76 296.86 1.71 .oos 

SR May 17 49 29.37 1.07 .43 1020,0 -l.S06 .064S 14S.39 329.Sl 3.BS 109S.O -.910 .1814 1.79 .004 .04 730.S -3.462 .0003 

S2 " " so 29.80 1.10 141.S4 196.02 l.7S .002 

6R May 21 so 28.88 • 9] -1.86 247.S -7.088 0 14S.OO 246.73 -.04 1223.0 -.186 .4263 1.82 .003 .ll 2S6.0 -6.8S4 0 

62 " " so 30. 74 1.26 144,96 217 .86 1.71 .004 

7a May 2S so 29.42 1.02 -.30 1028.S -1.606 .OS42 lS0.40 300.92 5.28 1027.0 -l.S41 .0617 1.80 .002 .03 689.0 -3.870 .0001 

72 " " so 29.72 .78 145.12 179.47 1.77 .002 

Ba June 1 so 28.94 .74 -.so 952.S -2.148 .01S9 152.16 367.02 ll.S6 823.S -2.944 .0016 1.84 .002 .08 384.S -5.968 0 

82 " " so 29.44 1.49 140.60 304.0S 1.76 .005 

ER 397 29.27 2.38 -.61 9.sb .OOBS 154 .93 399.32 io;Utt 7b .0030 1.83 .007 .07 4b .0010 

E2 400 29.a·a l.S4 144.02 261.69 1.76 .004 

P • i.ssc <.01 F • l.53c <.01 F • l.75c <.01 

8 R, river samples; 2, spawning channel .BJ. 2 samples; N, number of fry in sample; s2 , variance of the mean; ~i. difference between means of 
parameter (R-2); U, Z, P, statistics of the Hann-'Whitney test. 

~-.-s. 
cTest on homogeneity of variances. 

I-' 
CX> 
0 
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APPENDIX TABLE XXXIII: Calculation process for fry migration 
from Pinkut Creek based on standard 
index sampling. 

Trap No. 

Date - May 22-23, 1972 7 8 

Fishing Time 

00:30-00:35 
01:00-01:05 
01:30-01:35 
02:00-02:05 
02:30-02:35 
03:00-03:05 
03:30-03:35 
04:00-04:05 

Total 

Step 
No. 1. 

No. 2. 

No. 3. 

698 1031 
727 1309 
727 1309 
582 814 
419 846 
193 672 

99 569 
235 292 

3680 6842 

Actual Catch in Index Period by 
Traps 7 and 8 = 10,522 

Estimated Catch if Traps 7 and 8 
Fished Full Index Period 
10,522 x 6 = 63,132 

Estimated Catch if Traps 7 and 8 
Fished Full 24 Hr. Period Using 
May 21 - 22 Time Check 

100 
~~- x 63,132 = 66,616 
94.77 

Estimated Catch for 5 x Factor 
5 x 66,616 = 333,080 

i.e. Each Trap Fishes l/Sth of 
Cross Section Width 
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APPENDIX TABLE XXXIV: Calculation process for fry migration 
from the Pinkut Creek Spawning Channel 
based on time check sampling. 

Date - May 21-22, 1972 River Gauge= 2.7 ft.· 

Time 

13:00-13:05 
13:30-13:35 
18:00-18:05 
20:00-20:05 
22:30-22:35 
23:00-23:05 
23:30-23:35 
24:00-00:05 
00: 30-00: 35 
01:00-01:05 
01:30-01: 35 
02:00-02:05 
02 : 30-02: 35 
03:00-03:05 
03:30-03:35 
04:00-04:05 
04:30-04:35 
05:00-05:05 
05:30-05:35 
06:00-06:05 
09:00-09:05 

Index Period 
Time Check = 

Step No. 1. 

2. 

3. 

Trap No. 

15 I 15 4 

15754 + 
16689 + 

7 

0 
l 
0 
0 

18 
91 

188 
391 

1998 
3850 
3630 
2750 
1650 

880 
412 
584 
229 

15 
2 
0 
0 

16, 6 89 

30,252 
3 7, 855 

240 40 x 46,006 

100 x 2 76 ,036 94.77 

100 x 291,269 20 

= 

= 

= 

= 

46,006 
48,544 x 

276,036 

291,269 

8 

0 
0 
0 
0 

25 
140 
343 
545 

2255 
4262 
5912 
5087 
2750 
5612 
2310 
2064 

520 
29 

l 
0 
0 

31,855 

100 = 

30,252 

94. 77% 

1,456,345 =Nightly Estimate 



.APPENDIX TABLE XXXV: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Pinkut creek and the Spawning Channel in 1969. 

Sample Date H 

lR 
8 

May 12 50 

lea " " so 
2R Hay 13 so 

2cu 
JR 

JCH 

4R 
4cu 
SR 
SCH 

6R 

6CH 

7R 
7CH 

BR 

SCH 

9R 
9cH 

!OR 

II II 

May 14 
II II 

May 16 
II II 

Hay 18 
II II 

May 20 
ti It 

Hay 22 
It II 

Hay 24 
II II 

Kay 26 
II II 

Hay 28 

lOCH II " 
uR Hay JO 
llCH n " 

so 

so 

so 
so 

so 
so 

so 

so 
so 

so 
so 

so 

so 

4S 
50 

50 

50 

so 
so 

ER May 

< " CH 

JO S48 

" sso 

Mean 2 A 
Length(nm) S 1 (mm) u z p 

28.82 J.JJ -1.64 S60.0 -4.S74 0 

J0.46 l.J2 

2s.s2 2.72 -1.70. SJS.S -S.OJ9 0 

JO.S2 

2S.SS 

J0.52 
2S.62 

JO.JS 

29.16 
J0.62 

29.06 
J0.82 

29.10 
JO.JO 

29.14 

JO.S2 
29.10 

30.32 

29.46 

J0.40 

2s.ss 

JO.J4 

29.00 

J0.47 

• 99 
2.11 -1.64 496.S -5.J6J 

1.11 
1.S7 -1.76 414.5 -S.S72 

1.14 
1.44 -1.46 J94.0 -6.144 

.65 

1.77 -1.76 JS6.5 -6.JOl 
.so 

1.60 -1.20 549.0 -5.JIJ 
.J4 

l.6J -I.JS 501.S -5.J2S 

1.0J 

I.OJ -1.22 4J7.S -S.6SS 

.71 

.S7 -.94 6SS.S -4.179 

l.4J 

1.29 -1.46 6J9.0 -4.J09 

4.19 

0 

0 

0 

0 

0 

0 

0 

0 

0 

l.SI -1.47 

1.25 

ob <.001 

Mean 
Weight(mg) 

52 Ai(mg) u z p Kean 
Index(~) 

140.lS J99.10 -2.6S 11J9.5 -.762 .22JO I.SO 

142.S6 2S5.44 1.71 

149.92 J7J.JJ 4.76 IOSJ.O -1.152 .1247 !.S4 

14S.16 

141.74 

14J.70 

141.5S 

14J.SS 
142.04 

140.60 

1J9.44 
IS2.72 

139.4S 

146.JO 
14J.96 

15J.74 

14!.8J 
150.42 

145.S4 

14S.22 

140.9S 

26S.71 
1S7.IS -1.96 1124.0 -.S69 .192S 

265.IJ 

2J6.JO -2.JO 112s.s -.8JS .2011 

J5J.96 
181.11 1.44 112J.S -.S7J .1914 

209.69 
2S7.69 -1J.2S 7Jl.5 -J.S76 .0002 

J90.92 

JIS.41 -6.82 955.5 -2.0JI .0212 

206.6S 

JIS.OS -9.7S S6S.O -2.6JS .0042 

J2S.4S 

200.7S -S.59 7S5.S -2.949 .0016 
192. 71 

15S.J9 

4S5.Jl 

.J2 1219.0 -.214 .41S2 

29J.SO -24.40 70J.S -J.769 .0001 

16S.38 1490.IS 
142.4J 269.29 -S.75 

148. IS 444.4J 

22b .OOl<p <.01 

1.72 

1.81 

1.71 

!.82 

1. 72 

1.79 

!. 70 
1.78 

1.7J 
1.7S 

1.74 

I.BO 

1.75 

1.79 
1.75 

1.78 

1.72 

1.80 

1.80 

1.80 
l.7J 

52 Ai(~) u z p 

.008 .09 467.0 -5.J99 0 

.001 

.008 .12 212.s -7.1.IJ o 

.002 

.005 

.002 

.oos 

.002 

.oos 

.004 

.OOJ 

.OOJ 

.OOJ 

.OOJ 

.003 

.OOJ 

.002 

.002 

.002 

.ooJ 

.OOJ 

.004 

.oos 

.OOJ 

.10 294.5-6.588 O· 

.10 J24.S -6.J81 0 

.09 J28.S -6.JSJ 0 

.os s95.5 -4.s12 o 

.04 748.0 -J.462 .OOOJ 

.OS 684.0 -3.902 .0001 

.04 688.0 -J.6J9 .0001 

.06 499.0 -S.178 0 

0 1209.5 -.279 .J901 

.07 6.Sb <.001 

F • l.45c <.01 F • 1.65c <.01 F • 1.67c <.01 

a 2 a, river samples; CH, spavning channel samples; N, number of fry in samples; S , variance of the mean; 
Ai, difference between means of parameter CR-CH); U, Z, P, statistics of the Mann-Whitney test. 

b 
Test on sample means, n

1 
• n

2 
• 11. 

c Test on homogeneity of variance. 

..... 
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APPENDIX TABLE XXXVI: Mean lengths, weights and developmental indicea, their difference and statistical significance, 
of sockeye fry in paired samples from Pinkut Creek and the Spawning Channel in 1970. 

Sample Date N 

la a Apr. 29 50 

lCH " II 50 

2R Hay 1 SO 

2CH " 
11 

50 

JR Hay 3 50 

JCH 11 II 50 

4R Hay S SO 

4CH " II 50 

SR Hay 7 SO 

SCH II II 50 

6R Hay 9 SO 
6CH ti II 50 

7R Hay 11 SO 
7Cff II 11 SQ 

BR Hay 12 SO 

SCH II " so 
9R Hay 13 SO 

9CH II n 50 

lOR May 14 50 

lOCH II II 50 

l[R May 15 50 
llCH II " 
12R Hay 16 

12CH II " 
13R Hay 17 

13CH " " 
14R May 18 

14CH n " 
!SR Hay 19 

ISCH II " 
16R Hay 20 

16CH II " 
17R May 21 

17CH II " 

so 

so 

so 

so 

so 

so 

so 

so 

so 

so 

so 

so 

so 

Mean 2 
Length(mm) S Ai(..,) u· z p Mean 

Weight(mg) 
s2 <\i(mg) u z p 

28.86 3.31 

28.28 2.49 

28.S6 2.41 

27.84 .99 

28.40 2.oa 

27.46 1.19 

28.00 1.SS 

27.06 l.61 

28.06 2.06 

27.14 .69 

29.20 3.22 

27.72 1.96 

28.38 1.67 

27.S2 1.11 

27.98 l.4S 

27 .30 1.44 

28.90 1.77 

28.30 1.89 

28.16 l.40 

28.20 1.43 

ZB.34 1.09 
27.94 

29.34 

29.04 

29.94 

29.08 

29.86 

29.06 

29.98 

29.22 

28.26 

27.44 

28.96 

27.98 

l.6S 

1.49 

1.88 

l.S7 

1.79 

I.SS 

1.32 

1.20 

l.S2 

I.SS 

2.09 

2.28 

1.49 

.SB 1043.S -l.4S7 .072S 121.04 

107 .64 

.72 912.0 -2.420 .0078 llS.32 

106.66 

.94 779.S -3.3S9 .0004 123.96 

106.02 

.94 722.S -3.7S4 .0001 llS.72 

101.02 

.92 764.S -3.463 .0003 113.44 

107.12 
1.48 6SS.S -4.167 0 122.26 

104.04 

.86 762.0 -3.492 .0003 118.82 

107.66 

.68 8S4.0 -2.809 .0026 llS.84 

lOS.20 

.60 981.S -1.906 .0283 112.40 

106.00 

-.04 1218.0 -.2JO .4090 llS.04 

111.08 

.40 1019.0 -1.672 .0473 119.24 
112.24 

.JO 1091.S -1.122 .lJlO 

.86 816.0 -3.081 .0010 

.so 828.S -2.990 .0014 

.76 826.0 -J.OJ9 .0012 

114.10 

114.98 

121.74 

107 .88 

128.74 

111.60 

1J7.80 

44J.97 lJ.40 7S9.0 -J.J88 .OOOJ 

257.84 

J28.J6 8.66 840.S -2.82S .002J 

189.10 

JJS.J2 17.94 SJJ.O -4.944 0 

29J.2S 

24J.J2 14.70 SJO.S -4.96J 0 

J66.44 

JS9.61 6.J2 1029.S -l.S21 .0642 

170.44 

JOB.98 18.22 S96.S -4.S07 0 

427 .89 

226.JJ 11.16 721.S -J.647 .0002 

247.02 

197.S4 10.64 749.0 -J.4S6 .OOOJ 

2SS.8S 

Jl0.J8 6.40 1012.S -1.640 .OS05 

291.18 

167.J6 J.96 1089.S -1.107 .1J42 

2S4.J7 

190.SZ 7.00 982.0 -1.849 .0323 
263.09 • 
lSS.16 -.88 1229.S -.142 .44l5 

SlS.70 

303.72 13.86 697.0 -3.816 .0001 

297.10 

268.00 17.14 S32.0 -4.9S3 0 

212.46 

400.87 20.28 S34.S -4.936 0 

117.S2 28S.86 

.82 834.S -2.9S3 .0016 

.98 749.0 -3.SJ2 .0002 

118.04 226.91 11.76 836.S -2.8S2 .0022 

106.28 418.01 

130.20 JJS.89 19.00 S22.0 -S.020 0 

111.20 169.S6 

Hean 2 
Index(!),) S Ai(KJi u z p 

l. 71 

1.68 

l.70 

l. 70 

l. 7S 

1.72 

1.74 

1.72 

1.72 

l.7S 

l.70 

l.69 

l.7J 

1.72 

1.74 

1.73 

1.67 

1.67 

l. 73 

1.70 

1.73 
1.72 

l.6S 

1.67 

l.6S 

l.6J 

l.69 

l.6S 

1.72 

l.67 

l.73 

l.72 

l.7S 

1.72 

.003 .03 890.0 -2.482 .0063 

.002 

.006 0 1223.0 -.186 .4263 

.004 

.004 .OJ 791.0 -J.16S .0008 

.007 

.OOJ .02 993.S -1.769 .038S 

.OOJ 

.003 -.03 891.0 -2.47S .0067 

.003 

.004 .01 1097.0 -1.oss .14S8 

.009 

.003 .01 1132.S -.810 .2090 

.003 

.004 .01 1033.0 -1.496 .0673 

.004 

.OOJ 0 12J9.S -.072 .4713 

.004 

.003 .03 SSJ.S -2.S27 .OOSB 

.OOJ 

.003 .01 1094.5 -1.072 .1419 

.003 

.002 -.02 1179.0 -.490 .3121 

.oos 

.001 .02 902.0 -2.400 .0082 

,003 

.002 .04 607.0 -4.4JJ .oooo 

.OOJ 

.OOJ .OS 700.0 -J.792 .0001 

.004 

.004 

.oos 

.006 

.004 

.01 lOSJ.S -1.JSS ,0877 

.03 983.0 -1.841 .0328 

I-' 
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Appendix Table XXXVI (cont.) 

Sample Date. N 
Mean 

Length(mm) 
s

2 
L'li(mm) u z p Mean 

Weight(mg) s' lli(mg) u z p Hean 2 
Index("n) S A101,> u z p 

lBR May 22 

18CH " " 
19R Hay 23 

19CH " 

20R May 24 

20CH " 

21R May 25 

21CH " 

22R May 26 

22CH " " 
23R May 27 

23CH " " 
24R May 28 

24CH u 

25R May 30 

25CH " " 
26R Hay 31 

26CH " " 
27R June 

27CH " " 
28R June 2 

28CH " 
29R June 3 

29CH " 

ER 

ECH 

" 

50 

50 

50 

50 

50 

50 

so 
50 

46 

50 

50 

50 

41 

50 

47 
50 

50 

50 

50 

50 

50 

50 

50 

50 

1434 

1450 

28.90 

28.18 

29.00 

28.12 

29.06 

27.98 

28.52 

28.16 

28.91 

28.08 

28.76 

28.44 

28.20 

28.62 

28. 70 

28.52 

28.90 

28.42 

29.62 

28.88 

30.04 

29.04 

29.18 

29.26 

28.87 

28.22 

1.24 

2.40 

1.80 

1.41 

2.43 

1.90 

2.62 

1.81 

1.59 

2.04 

1.94 

1.60 

1.71 

1.26 

2.34 

1.56 

2.13 

1.43 

.l.55 

I. 70 

1.88 

1.79 
2,07 

2.07 

2.22 

2.00 

F • I.Ile 

.72 855.0 -2.810 .0025 

.88 792.0 -3.239 ,0006 

1.08 739.0 -3.597 .0002 

.36 1038.5 -1.492 .0678 

.83 769.0 -2.86~ .0021 

.32 1037.0 -l.520 .0643 

-.42 805.0 -1.837 .0331 

.18 1047.0 -.946 .1721 

.48 965.0 -2.029 .0212 

,74 856.0 -2.802 .0026 

1.00 752.5 -3.518 .0002 

-.08 1195.0 -.389 .3487 

.65 2llb -3.258 ,000.6 

< .01 

127.66 

115.74 

129.48 

113.64 

129.02 

226,73 11.92 771.0 -3.JOJ .0005 

391.84 

346.27 15.84 687.o -3.883 .0001 

428.24 

386.07 14.18 801.0 -3.097 .00!0 

114.84 435.17 

128.48 417.12 9.94 872.0 -2.607 .0046 

118.54 283.45 

128.35 285.22 10.91 789.5 -2.645 .0040 

117.44 462,63 

136.48 376.92 14.44 732.5 -3.569 .0002 

122.04 312.79 

129.02 441.44 9.08 766.5 -2.063 .0196 

119.94 410.60 

129.87 598.17 10.69 855.0 -2.311 .0104 

119.18 310.41 

128.04 391.77 7.06 946.5 -2.094 .0181 

120.98 249.21 

145.28 455.69 16.18 696.5 -3.817 .0001 

129.10 396.72 

139.88 378.98 19.14 566.0 -4.718 0 

120.74 312.78 

122.36. 411.96 .84 1162.5 -.604 .2729 

121.52 

124. 70 

113.03 

544.67 

390.07 11.67 120b -4.673 

364.39 

F • l.07c 

0 

<,01 

a R, river sample; CH 1 spawning channel samples; N, nUtDber of fry in samples; s
2

• variance of the mesn; 
lit, difference between means of parameter (R-CH); 0 1 Z, P, statistics of the Hann-Whitney test. 

b 
Test on sample means, n

1 
• n

2 
• 29. 

c Test on homogeneity of variances. 

1.74 

1.72 

1.74 

1.71 

1.74 

1.73 

1.77 

1.74 

1.74 

1.74 

1.79 

1.74 

1.79 

1.72 

1.76 

1. 72 

1.74 

1. 74 

1.77 

1.75 

1.73 

1.70 

1.70 

1.69 

1. 73 

I. 71 

.002 

.oos 

.002 

.011 

.004 

.003 

.008 

.004 

.003 

.004 

.007 

,004 

.013 

.004 

.006 

.OOJ 

.003 

.006 

.003 

.003 

.005 

.004 

.006 

.003 

.005 

.oos 

F • 1.ooc 

.02 1070.0 -1.241 .1073 

.OJ 1005.0 -1.689 .0456 

.01 1223.5 -.183 .4274 

.OJ 1120.5 -.893 .1859 

0 1058.0 -.675 .2499 

.OS 796.0 -3.130 .0009 

.07 675.5 -2.788 .0026 

.04 856.0 -2.303 .0106 

0 1223.0 -.186 .4263 

.02 949,0 -2.082 .0187 

.03 962.0 -1.986 .0235 

,Ol 1135•5 -.789 .2151 

.02 268.Sb-2.364 .0090 

>.01 

I-' 
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APPENDIX TABLE XXXVII: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Pinkut creek and the Spawning Channel in 1971. 

Sample Date H 

lR 
8 

Hay 5 50 

lCff II II 50 

2R May 7 50 

2ca" "so 
JR May 10 50 

3cu 11 
" so 

4R Hay 12 50 

4CH II II 50 

SR May 14 50 

SCH II II 50 

6R May 17 50 

6CH II II 50 

7R May 19 50 

7C8 II II 50 

BR May 21 50 

eca " u 50 

9R Hay 23 50 

gcu " " so 
!OR May 25 50 

!OCH II II 50 

ua May 21 50 

llCH " " 
12& May 29 

12CH II " 
!JR Kay 31 

13CH " " 
14R June 2 

14CH II " 
15R June 4 

ISCH II " 
16R June 6 

16ca u 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Mean 2 
Length (1ml s Ai( ... ) u z p 

27.58 

29.40 

27.88 

28.88 

28.22 

29.42 

28.30 

29.14 

28.86 

28.80 

28.96 

29.56 

28.96 

29.62 

29.26 

28.96 

29.16 

29.48 

29.36 

29.82 

29.68 

30.28 

29.84 

30.12 

30.18 

JQ.22 

29.88 

30.14 

29.84 

30.46 

30.52 

30.92 

2.54 -1.82 401.0 -5.984 0 

.90 

1.74 -1.00 704.0 -3.886 .0001 

1.01 

2.67 -1.20 705.5 -3.845 .0001 

1.55 

1.93 -.84 829.0 -2.978 .0014 

1.39 

1.14 .06 1239.5 -.075 .4701 

1.72 

1.26 -.60 875.0 -2.697 .0035 

1.23 

2.12 -.66 925.0 -2.308 .0105 

1.38 

1.83 .30 1060.5 -1.356 .0875 

2.28 

1.00 -.32 1060.0 -1.373 .0849 
1.32 

1.22 -.46 963.5 -2.065 .0195 

1.01 

1.08 -.60 847.5 -2.929 .0017 

1.10 

1.08 

1.54 

.72 

.87 

.64 

• 78 

.87 

1.07 

.99 

1.54 

-.28 1046.0 -1.463 .0717 

-.04 1181.0 -.508 .3057 

-.26 1076.0 -1.330 .0918 

-.62 827.5 -3.055 .0011 

-.40 963.5 -2.062 .0196 

Mean 
Weight(mg) 

140.44 

140.60 

137.08 

133~52 

139.44 

137.06 

140.06 

131.44 

142.24 

131.64 

139.34 

136.90 

144.74 

135.96 

140. 70 

131. 70 

142.08 

133.74 

140.36 

139.28 

147 .46 

139.12 

143.80 

141.40 

149.30 

142.02 

152.42 

138.74 

150.28 

147.40 

156.64 

143.60 

.2 Ai(mg) u z p 

164.39 -.16 1245,5 -.031 .4876 

307.16 

294.29 3.56 1105.5 -.997 .1594 

224.68 

372.31 2.38 1158.5 -.631 .2640 

303.58 

353.29 8.62 938.0 -2.152 .0157 

328.96 

241.JO 10.60 806.5 -3.059 .0011 

301.63 

205.22 2.44 1087.0 -1.125 .1303 

330.10 

372.86 8.78 973.5 -1.907 .0283 

530.91 

339.86 9.00 921.5 -2.266 .0117 

366.27 

236.62 8.34 870.0 -2.621 .0044 

320.13 

318.17 1.08 1239.0 -.076 .4697 

293.85 

219.18 8.34 832.0 -2.884 .0020 

202.90 

321.36 2.40 1192.0 -.400 .3446 

300.67 

228.33 7.28 975.5 -1.894 .0291 

337.99 

324.51 13.68 755.0 -3.414 .0003 

272.09 

412.67 2.88 ll49.0 -.697 .2429 

323.98 

402.55 13.04 814.5 -3.004 .0013 

439.24 

Mean 2 
IndexCl),l S Ai(!),) u z p 

1.89 

1.77 

1.85 

1.77 

1.84 

I. 75 

1.83 

1.74 

1.81 

1.76 

1.79 

1.74 

I.Bl 

1.73 

I. 77 

I. 75 

I. 79 

1.73 

I. 77 

1.74 

1.78 

1.71 

1.75 

1.73 

I. 76 

1.72 

1.78 

1.71 

1.78 

1.73 

1.76 

1.69 

.010 

.002 

.004 

.003 

.008 

.002 

.003 

.003 

.003 

.003 

.003 

.002 

.003 

.002 

.003 

.005 

.004 

.002 

.003 

.003 

.002 

.001 

.003 

.002 

.002 

.002 

.002 

.002 

.003 

.002 

.004 

.002 

.12 157.0 -7.535 0 

.08 422.0 -5.708 0 

.09 400.0 -5.860 0 

.09 294.0 -6.591 0 

.05 701.0 -3.785 .0001 

.05 584.0 -4.592 0 

.08 355.5 -6.167, 0 

.02 1057.5 -1.327 .0923 

.06 562.0 -4.745 0 

.OJ 754.0 -3.420 .0003 

.01 323.5 -6.388 0 

.02 918.5 -2.236 .0126 

.04 731.0 -3.579 .0002 

.07 358.5 -6.147 0 

.05 577.0 -4.640 0 

.07 400.0 -5.860 0 

t-' 
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Appendix Table XXXVII (cont.) 

Mean Mean Mean Sample Date N Length(mm) 
,2 lit(mm) u z p 

Weight{mg) 
,2 lit(mg) u z p 

Index(~) 
,2 

17R 

17CH 

'"• 
ISCH 

ER 

'ca 

June • 50 30.80 2.16 -1.02 526.0 -5.178 0 145.42 292.71 -4.02 1049.0 -1.386 ,0829 

" " 50 31.82 .60 149.44 289.29 

June 10 50 29.98 1.90 -1.14 683.5 -4.009 0 143.84 501.01 1.72 1145.5 -.721 ,2355 

" " 50 31.12 1 .41 142 .12 369 .14 

900 29.29 2.22 --.61 109.0b .05 144.20 330.57 5.55 68.0b <.OOlb 

900 29.90 t.87 138.65 "344.19 

F • l.19c <,01 F • l,04c <,01 

a R, river samples; CH, spawning channel samples; N, number of fry in sample; s 2, variance of the mean; 
Al, difference between means of parameter (R-CH); U, Z, P, statistics of the Mann-Whitney test. 

b 
Test on sample means, n

1 
= n

2 
• 18. 

c Test on homogeneity of variances, 

1. 71 .006 

1.66 .002 

1.74 .002 

1.67 .003 

1.79 .006 

1.73 .004 

F• l.SOc 

6i("nl u z 

,05 602.5 -4.464 

.07 335.D -6.309 

.06 11.Sb 

p 

0 

0 

<,001 

<.01 

I-' 
Q) 
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APPENDIX TABLE XXXVIII: Mean lengths, ~eights and developmental indices, their difference and statistical siqnif.icance, 
of sockeye fry in paired samples from Pinkut Creek and the Spawning Channel in 1972. 

Sample Date N 
Mean 2 A 

Length(mm) 8 i(mm) u z p 

a 
IR May 12 50 26.42 1.96 -1.56 494.5 -5. 345 0 

!CH " " 50 29.96 1.24 

2R May 15 50 26.90 2.05 -.32 1123.0 -.907 .1622 

2CH " " 50 29.22 2.63 

JR May 17 50 28.74 1.58 -1.14 667.0 -4.116 0 

3cH " " 50 29.88 1.74 

4R May 19 50 2B.76 1.62 -.74 931.0 -2.267 .0117 
4cH " " 50 29.50 1.97 

'a 200 26.70 I.Bl -.94 ob .014 

'ca 200 29.64 1.96 

P • 1.oec >.01 

Mean 
Weight(mg) 

130.00 

126.36 

141.06 

139.36 

139. 78 

138.34 

14B.BB 

136.96 

139.93 

135.26 

82 

263.51 

297 .19 

2U .BO 

243.31 

344.51 

322.98 

200.B6 

497 .Bl 

296.56 

362.33 

F • I.22c 

Ai(mg) u z p 

3.62 1117 .5 -.914 .1604 

I. 72 1152.0 -.676 .2495 

1.44 1231.5 -.128 .4490 

11.92 707.5 -3.741 .0001 

4.67 lb .100 

>.01 

Mean 
Index('),) 

1.76 

1.67 

I.BO 

1.76 

I.BO 

1.73 

1.84 

1.74 

I.Bl 

1.73 

82 Ai('),) 

.005 .11 

.001 

.ooa .02 

.009 

.005 .07 

.002 

.005 .10 

.003 

.006 .08 

.005 

P • l.20c 

a 2 R, river samples; CH, spawning channel samples; N, number of fry in sample; 5 • variance of the mean; 
Ai. difference between meana of parameter (R-CH); u. z. P. statistics of the Mann-Whitney test. 

b Test on sample means. n
1 

• n2 • 4. 

c Test on homogeneity of variances. 

' . 

u z p 

210.5 -7.167 0 

94B.5 -2.079 .OIBB 

441.0 -5.57B 0 

253.0 -6.B74 D 

.Sb .022 

>.01 

I-' 
Q) 
Q) 



APPENDIX TABLE XX.XIX: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sockeye fry in paired samples from Pinkut Creek and the Spawning Channel in., 1973. 

Sample Date 

lR a May 16 
1 II ti 

CH 
2R May 18 
2 It 11 

CH 
JR May 20 

3 11 " CH 
4R May 22 

4 11 " 
CH 

SR Hay 24 
5 II II 

CH 
6R Hay 26 
6 II 11 

CH 
7R Hay 28 
7 II II 

CH 
BR May 30 
8 II 11 

CH 
9R June 

9 " CH " 
lOR June 4 

IQ II 
CH " 

llR June 6 

llCH " II 

12R June B 

12CH " II 

13R June 11 

13CB If II 

14R June 12 

14CB II u 

15R June 14 

lSCB II II 

16R June 16 

16CB " " 

N 

50 

50 

50 

50 

45 

50 

24 

50 

26 

50 

12 

50 

46 

50 

50 

50 

50 

50 

50 

50 
50 

50 

44 

50 

50 

50 

50 

50 

50 

50 

19 

50 

Mean 
Length(mm) 

25.62 

26.96 

26.62 

27.46 

27.27 

28.62 

27.46 

29.06 

28.69 

29.10 

28.75 

29.10 

28.30 

29.32 

28.40 

29.48 

28.34 

29.56 

29.02 

29.66 

29.52 

29.72 

29.32 

29.98 

29.16 

. 29.66 

29.72 

30.00 

29.50 

29.60 

29.95 

29.98 

62 Ai(mm) u z p 

1.63 -1.34 632.5 -4.345 0 

2.24 

4.89 -.84 932.5 -2.226 .0130 

1.89 

3.56 -1.35 562.0 -4.264 0 

1.91 

2.78 -1.60 265.0 -3.952 0 

1.32 

1.66 -.41 514.0 -1.541 .0617 

1.52 

2.93 -.35 257.0 -.797 .2128 

1.40 

1.73 -1.02 643.5 -3.831 .0001 

1.20 

2.12 -1.08 719.5 -3.774 .0001 

1.15 

1.37 -1.22 541.5 .5.042 0 

.78 

1.94 -.64 737.5 -3.695 .0001 

.88 
1.15 -.20 1188.5 -.464 .3214 

.61 

.78 -.66 665.0 -3.646 .0002 

.47 

1.24 -.so 921.s -2,411 .0000 

.88 

.61 -.20 1031.0·-1.668 ,0477 

.61 

.95 -.10 1158.0 -.692 .2445 

1.18 

.94 -.03 452.0 -.350 .3632 

.88 

Mean 
Weight(mg) 

141.48 

143.36 

151.44 

148.28 

141. 44 

154.74 

144.83 

148.60 

169.15 

150.58 

156.58 

146.82 

153.17 

151.32 

158.10 

156.12 

145.62 

160.10 

146.44 

156.08 

152.22 

152.08 

149.86 

156.94 

147 .64 

148.62 

154.98 

153.04 

150.60 

146. 76 

169.26 

s2 Ai(mg) u z p 

506.51 -1.88 1201.5 -.335 .3688 

453.27 

981.47 3.16 1189.0 -.421 .3368 

278.10 

606.36 -13.30 692.0 -3.230 .0006 

420.27 

289.54 -3.77 517.0 -.960 .1685 

329.12 

286.72 18.57 265.0 -4.218 0 

244.06 

421.55 9.76 218.5 -1.454 .0729 

303.00 

258.76 1.85 1088.5 -.451 .3260 

408.24 

318.61 1.98 1168.5 -.562 ,2870 

392.53 

270.80 -14.48 729.5 -3.590 .0002 

401.35 

213.04 -9.64 836.S -2.854 .0022 

337.73 

267.96 

321.94 

.14 1205.0 -.310 .3783 

174.93 -7.08 833.5 -2.022 .0216 

237.14 

454.31 -.98 1245.0 -.035 .4860 

336.27 

313.27 1.94 1143.0 -.738 .2302 

387 .69 

371.82 3.84 1090.5 -1.100 .1335 

446.45 

402.99 15.12 288.5 -2.508 .0060 

154.14 314.18 

Mean 2 
Index(!),) S Ai(!),) u z p 

2.03 

1.94 

2.00 

1.93 

1.91 

1.87 

1.91 

1.82 

1.93 

1.83 

1.87 

I.Bl 

1.89 

1.81 

1.90 

1,82 

1.85 

1.83 

1.82 

1.81 

1.81 

1.79 

1.81 

1.80 

1.81 

I. 78 

1.80 

1.78 

1.80 

1.78 

1.84 

1.79 

.008 

.007 

.012 

.004 

.012 

.003 

.004 

.002 

.004 

.002 

.006 

.002 

,003 

.002 

.004 

.003 

.003 

.002 

.005 

.001 

.002 

.002 

.002 

.001 

.002 

.001 

.003 

.002 

.002 

.002 

.002 

.001 

.09 553.5 -4.802 0 

.07 743.5 -3.492 .0002 

.04 773.5 -2.620 .0044 

,09 147.5 -5.226 0 

.10 129.5 -5.700 0 

.06 140.0 -2,852 .0022 

.08 293.5 -6.282 0 

.08 409.0 -5.798 0 

.02 950.5 -2.065 ,0195 

.01 1105.0 -1.000 .1587 

.02 1023.5 -1.562 ,0592 

.01 930.5 -1.285 .0994 

.03 815.5 -2.997 .0013 

.02 911.0 -2.338 .0097 

.02 876.0 -2.579 .0049 

.05 116.0 -4.826 0 

..... 
Q) 

ID 



Appendix Table XXXIX (cont.) 

Hean Hean Hean 
Sample Date N Length(nm) 

52 ll.i(lllD) u z p 
Weight(mg) 

52 •i(mg) u z p 
Index("o) 

52 

11. 
17CH 

lBR 
lBCH 

'• 
'en 

June 18 50 29, 70 .83 -.64 800.0 -3.422 .0003 159.56 315.69 -6.58 1035.5 -1.480 .0694 .. " 50 30.34 • 76 166.14 417 .61 

June 20 44 29.75 .28 -.31 855.5 -2.076 .0190 155.64 165.51 -5.12 912.5 -1.422 .0775 

" .. 50 30,06 .87 16C.76 395.27 

760 28.59 J.11 -.72 96.Sb .Ol<p <,025 151.61 401.87 -1.42 150.0b >.OS 

900 29.31 J.85 153.03 380.78 

F"' t.68c <,01 F • l.07c >,01 

a l\, river samples; CH, spawning channel samples; H, number of fry in samplesj· s 2 , variance of the mean; 
tl:i, difference between means of parameter (R-CH); U, Z, P, statistics of the Mann-Whitney test, 

b 
Test on sample means, n

1 
• n2 • 18. 

c Test on homogeneity of variances. 

1.82 .001 

l. Bl .002 

1.81 .002 

1.81 .002 

1.87 .010 

1.82 .004 

F • 2.soc 

'iC"ol 

.Ol 

0 

.OS 

u z p 

999.0 -1.731 .0417 

1062.0 -.288 .3867 

93.0b .Ol<p <.025 

<,01 

I-' 
\I) 

0 



APPENDIX TABLE XL: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sock.eye fry in paired samples from Pinkut Creek and the Spawning Channel in 1974. 

Sample Date N 

a 
lR Hay 14 50 

lcn " 11 50 

2R Hay 17 50 

2CH 11 II 50 

JR Kay 20 SO 
3CH II ti 50 

4R Kay 23 SO 
4CH II II 50 

SR May 26 50 

SCH II II 50 

6R Hay 29 50 

6CH II u 50 

7R Kay 31 43 

7CH n u SO 

SR June l 50 

SCH II " 50 
9R June 6 50 

so 9 " CH " 
lOR June 9 so 

so lOCH II " 
ER June 9 493 

ECH " II SQQ 

Mean 2 a 
Length (mm) S i (mm) u z p 

28.24 3.17 -1.00 845.0 -2.877 .0020 

29.24 1.21 

28.18 2.72 -.82 714.0 -3.814 0 

29.00 1.02 

28.88 2.23 -.18 11s1.o -.660 .2S46 

29.06 l.8S 

28.50 2.38 -.72 931.0 -2.260 ,0119 

29.22· 1.60 

29.S8 1.80 -.96 718.0 -3.766 .0010 

30.S4 1.32 

29.66 l.2S .08 1178.0 -.Sl5 .3034 

29.S8 2.66 

28.98 1.26 -1.32 44S.S -4.986 0 

30.30 1.07 

29.S6 1.72 -.84 801.S -3.198 .0007 

30.40 1.18 

29.50 1.40 -1.02 642.5 -4.321 0 

Mean 
Weight{mg) 

138.38 

148.14 

14S.06 

146.44 

147 .42 

ISS.44 

151.38 

161.54 

1S6. 72 

1S6.90 

160.66 

161.32 

144.93 

169.68 

lSJ.40 

1S9.12 

160.16 

30.S2 

30.08 

30.48 

29.12 

29.83 

.91 

.97 

.83 

2.26 

1.74 

165.88 

-.40 972.0 -2.011 .0222 169.30 

168.54 
b -.72 22.5 .Ol<p <.025 152,85 

1S9.30 

82 Ai(mg) u z p 

276.21 -9.76 844.0 -2.800 .0026 

378.06 

2S4.6S -1.38 116S.S -.583 .2800 

439.78 

S49.29 -8.02 931.S -2.196 .0141 

476.37 

383.65 -10.16 881.5 -2.541 .0055 

451.92 

336.47 -.18 1234.S -.107 .4594 

3S8.98 

404.94 -.66 121s.s -.238 .4060 

536.69 

326.S6 .-24.75 364.S -S.477 0 

365.51 

493.69 -s.12 1048.S -1.390 .0823 

n5.11 

310.12 -5.72 1064.0 -1.284 .0996 

·390.67 

304.12 .76 1227.0 -.IS9 .4360 

327.67 

434.67 -6.4S 

453.SS 

27b .OS 

F • l.30c <.01 F • l.04c >.01 

Mean 
Index(K

0
) 

1.83 

1.81 

l.87 

1.81 

1.83 

l.8S 

1.87 

1.86 

1.82 

I. 76 

1.83 

l.B4 

I.Bl 

I.Bl 

I.Bl 

l.7B 

1.84 

I.BO 

l.B4 

I.Bl 

1.83 

1.81 

82 Ai(KD) u z p 

.OOB .02 ll44.S -.727 .2336 

.005 

.010 .06 70S.5 -3.7S4 .0001 

.oos 
.009 -.02 1106.D -.993 .1604 

.DOS 

.007 .Ol ll93.D -.393 .3472 

.ODS 

.ODS .06 626.5 -4.299 0 

.004 

.DOS -.01 11B9.S -.417 .33B3 

.016 

.004 -.02 9Sl.0 -.9S6 .1695 

.004 

.003 .03 B67.5 -2.637 .0042 

.002 

.003 .04 691.0 -3.854 0 

.003 

.004 

.002 

.006 

.006 

.03 

.02 

889.5 -2.486 .0065 

JO.Sb >.05 

F • l.OOc :>,01 

a 2 !• river samples; CH, spawning channel samples; N, number of fry in sample; S • variance of the mean; 
1 1 difference between means of parameter (R-CH); U1 Z, P. statistics of the Mann-whitney test. 

b Test on sample means, n
1 

• n
2 

• 10. 

c Test on homogeneity of variances. 

I-' 

"' I-' 



APPENDIX TABLE XLI: Mean lengths, weights and developmental indices, their difference and statistical significance, 
of sock.eye fry in paired samples from Pinkut Creek and the Spawning Channel in 1975. 

!lean 
s2 

t.i Mean 
s2 

t.i Mean t.i 
Sample Date N Length(•l (,..) u z p Weight Gog)_ (mgl D z p Index(~n) s2 (~) u z p 

la" May 13 so 2S.SS 2.2S .20 1069.0 -l.2S6 .0992 

lcu " " so 2S.38 l.Sl 

2a Kay 15 so 2S.66 2.03 .08 1170.0 -.SJO .2843 

2cu " " so 28.SS 1.64 

3a May lS so 29.00 2.00 .06 1194.S -.398 .34S3 

le& " " so 28. !l4 1.41 

4a May 20 so 28.90 2.26 -.42 1026.0 -1.580 .OSJl 

4cH " " so 29.32 2.02 

SR Kay 22 so 28.96 2.24 -.12 1221.S .203 .4195 

Sc& " " so 29.08 1.42 

6a May 26 so 29.12 2.31 -.9!+ 830.S -2.998 .0013 

6c& " " so 30.06 1.9.4 

7a May 2S so 28.78 2.S4 -1.04 824.S -2.993 .0014 

7ce " " so 29.82 1.91 

Sa June 1 so 29.26 2.07 -.36 1119.0 -.944 .1730 

Seu " " 50 29.62 1.34 

9a June 4 so 30.12 l.9S .28 1143.S -.786 .1812 153.66 711.43 -.44 lllS.o ~.932 .17S9 1.77 .003 -.02 938.S -2.148 .0159 

9cu " " so 2!l.S4 .67 1S3.22 334.0S 1.79 .002 

llJa June 6 50 30.40 5.10 ,86 1022,5 -1.627 .0519 152.40 2210.10 -4,54 11JJ.o -.607 ,2099 1, 74 .006 -.os 700.S -3.788 .0001 

lOcu " " so 29.S4 2.01 147 .86 432.47 1.79 .003 

ta SQQ 29.18 2.77 -.14 41.Sb >.05 150.54c 386.6S -2.49 4soo.sc -i.221 .1110 l.79C .004 .OJ 3321.sc -4.102 0 

tcu 500 29.32 l.S4 153.03 1476.10 1.76 .002 

P • l.s1d <.01 P • 3.a2d <.01 P • 2.ood <.01 

8a, river samples; CH, channel samples; N, number of fry in sample; s2. variance of the mean; Ai, difference between means of paraateter (K-cH); 
u. z. P, statistics of the Hann-whitney test. 

bn1 • ~ • 10. 

cn1 • n2 • 100. 

dTest on homogeneity af variances. 

·'~c·:-····~ 

~ 
IJ) 

N 
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