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INTRODUCTION 

Babine Lake (Fig. l), 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 dams 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 ec0nomic 
contribution to the Pacific Coast commercial fishery as well as 
many other benefits.
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Figure 1: Geographic location of the Fulton River and Pinkut Creek enhancement projects on Babine Lake, B.C.



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 smolts 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 describe the individual projects from the 

predevelopment stage to the present.



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 during 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 reservoir 
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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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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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 
gland 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' ‘

L 

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).



lO

~ 
Figure 5: Fulton River Spawning Channel No. 2 shortly after 

completion in 1971.



ll

~

~~
~

~ 

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 outlet of Channel No. l, 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. l.
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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. ll) 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
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Figure 11: Schematic layout of the flow control works 
situated at the outlet of Taltapin Lake and 
leading into Anderson Lake.
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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. 1. 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 system (Fig. l4) 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 Topley Landing, B.C. Fulton 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.

I 

to 170.1 thousand with an average of 80.5 in the period 1949 to 

1966 (Table l). 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
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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 
(1" 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).
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Spawning and Incubation Water Flows 

Historically, spawning and incubation flows (September 

to April) in the Fulton River have shown considerable variation. 

Prior to the introduction of flow control in August 1968, spawning 

flows (August to October) varied from lows of 25 cfs to highs of 

approximately 1800 cfs (September 1966). These conditions 

when combined with extreme low incubation flows (25 cfs - April 

1962) contribute to a wide variation in egg to fry survivals 

(11% — 31%). 

Since the fall of 1968 spawning flows have been regulated 

between 100 and 125 cfs. IncubatiOn flows are approximately 

25 cfs greater then spawning flows. The Fulton Lake reservoir 

provides approximately 40,000 cfs days of storage when filled 

to capacity. Regulation of the fall reservoir level is of 

critical importance in that enough water must be stored to 

provide winter flows to the river and spawning channels. Rule 

curves for winter flows have been established and are closely 

followed. Reservoir levels are reduced in early spring to allow 

for expected heavy spring runoffs. 

Adult Sockeye Program 

Sampling Technique 
Prior to installation of the permanent enumeration 

fence in 1966, adult counts at Fulton River were derived from 

tag and recovery methods and from tower counts. A portion of 

the adults are sampled for sex and age composition, fecundity, 

length and egg retentions. -During the period 1966 to 1975,
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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. l. 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
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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. 

FULTON ADULT SOCKEYE AGE COMPOSITION 

O42 SOCKEYE 

‘001 052 SOCKEYE 

80-1 
2 I 

9 
’1 
U) o 60- 
a. 2 . 
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LU ‘0- O<
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ESCAPEMENT YEAR 

Figure 18: Pattern of cyclic dominance of 42 and 52 adult 
sockeye returning to the Fulton River System.



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.



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 Fulton Pinkut % of 
Total % % Total 

1960 '49,000 - - 

1961 28,000 68.9 — 

1962 46,000 - — 

Pre-Development 1963 173,000 31.7 - 

Returns 1964 60,000 5.4 2.4 7.8 
1965 64,000 24.5 15.9 40.5 
1966 182,000 16.7 3.8 20.6 
1967 29,300 15.3 5.7 21.0 
1968* 53,400 5.2 4.5 9.6 
1969 154,000 28.4 4.2 32.6 
1970 166,000 34.1 3.7 37.8 
1971 54,600 29.9 19.2 49.2 

Post-Development 1972 258,582 52.5 7.9 60.4 

Returns 1973 208,350 39.0 15.4 54.4 
1974 226,923 61.4 16.4 77.8 
1975 137,396 33.9 7.0 40.9 

* Beginning of flow control



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.



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 u 

EiQn
~ 

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

river discharge during the migration period (Q5) 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 censtructed 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



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



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) (%) Fry 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



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
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deposition is significant, (Fig. 20; I’ 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 s .05). 

The data from these two regressions suggests that beyond an egg 
deposition of 200 million, only minor increases in production 
OCCUI‘. 

35.0 
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Figure 20: Regression of sockeye egg to fry survival on actual 
egg deposition in Fulton River.
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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 S 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



43 

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. 

350-1 

30.0-

89 

20.0" 
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TO 

FRY 

SURVIVAL 
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O 0.4 O .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 

SQUARE YARDS OF SPAWNING AREA PER FEMALE 

Figure 22: Regression of sockeye egg to fry survival on 
spawning area per female in Fulton River. 

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 29.51mm_, with :a range- from 
28.20 in 1965 to 30.30 in 1964 (Table 8). Since 1966, fry 

length has consistently averaged in the 29mm 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 Location 
Year Fulton Channel Channel 

River No. 1 No. 2 

1962 May 28 
1963 May 23 
1964 June 4 

1965 — 

1966 June 6 

1967 June 2 June 9 

1968* May 21 June 3 

1969 May 25 June 1 

1970 May 17 May 27 May 18 
1971 May 15 May 21 May 21 
1972 May 19 May 24 May 30 

1973 May 20 May 26 May 31 
1974 May 19 May 29 June 1 

1975 May 13 May 16 May 27 
1976 May 10 May 17 May 26 

* Beginning of flow control.
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Lengths prior to flow control averaged 29.30mm, while after 
control was implemented, lengths have averaged 29.60mm. 

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

Mean Length (mm) 
Fry 
Year 

Fulton Channel Channel 
River No; 1 No. 2 

1964 30.30 
1965 V 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 29.27 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 150.00 
1966 148.17 147.24 
1967 154.75 138.47 
1968* 146.90 140.05 
1969 172.24 176.68 A 

1970 142.67 127.89 149.45 
1971 150.45 139.79 150.28 
1972 149.76 148.76 146.69 
1973 154.24 155.04 148.23 
1974 ' 153.02 156.16 147.09 
1975 148.55 147.97 153.40 
1976 154.96 139.45 143.44 
Average 152.74 147.05 148.37 
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 KD 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 KD values in 1972, 1973 and 1976 with 

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

longed until early June, KD 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. l 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 (KD) 
Year 

Fulton Channel Channel 
River No. 1 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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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 of 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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EVALUATION OF SPAWNING CHANNEL NO. 1 

Introduction 

With approval of the development project on Babine 

Lake early in 1965, construction of Spawning Channel No. l 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. l 

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- 

longed, 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. l. 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. l. 

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. l 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. l at 
Fulton River . 

Sockeye Fry Program 

Enumeration Technique 
Assessment of fry production from Channel No. l 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
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Upstream View of upper 
fan traps. Note transport 
pipes leading to live 
boxes. 

Downstream View of fan trap throat. 

Upstream View of fan trap 
taper. 

Figure 28: Perforated aluminum fan traps used for enumerating 
fry production from Channel No. l 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 constructed-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. l 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 26.0 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. l 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 2 .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 productiou on deposition is significant (Fig. 31; P :5 .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 production on actual egg 
deposition in Channel No. l at Fulton River. 

survivals ranging from 50 to 60 percent. The corresponding 
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 survival and female spawning 

density suggests that low survivals accompanied by small incre- 

mental increases in fry production from high egg depositions 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. l 

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. l 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— 
vival rates have been below expectations for several reasons. 
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. 

Operational'History of 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 resulted 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



73 

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 centrol 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 and 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 adjustment 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 58.1 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 1 to 2.5 in., legs
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1 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) (%) gear 
1969 35.0* 25.4 72.5 1970 
1970 lOl.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 45.1 1974 
1974 132.0* 48.5 36.7 1975 
1975 171.6 68.6 ' 40.0 1976 
Average 143.5 58.1 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. 347 E) g .05). Also the regression of survival 

on spawning area per female is significant (Fig. 35; p) g .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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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) S .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 

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 produbtion. 

An obvious difference exists in the optimum spawner 
densities between Channels No. l 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. 1 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. l, 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
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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 Pinkut 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 1 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 maintained 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 
cfs in most years have influenced premature fry emergence and 
appear to affect overall productivity of the system. 

Adult Sockeye Program 
Sampling Technique 

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—



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_l966.
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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 c0nducted 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.
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TABLE 17: Piwnkut Creek sockeye-fry production 'from71964 to 1976. 

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

1963 57.6 11.0 19.1 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 
1968* 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 10.1 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 s .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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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 the high dischargeucreated from spring-freshet. 

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

Mean Length (mm) 

Year Pinkut Creek Pinkut Channel 

1969 29.00 30.47 
1970 28.87 28.22 
1971 29.29 29 90 

1972 28.70 29.64 
1973 28.59 29.31 
1974 29.12 29.83 
1975 29.07 29.34 
1976 29.54 29.29 

Average 29.02 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 1 135.26 
1973 151.61 153.03 
1974 152.85 159.30 
1975 158.97 160.27 
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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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. 

Qperational 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 dogs:not séttlé 
out particles less than .ép 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 1372 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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for Fulton River. Two traps installed at the bottom end of 

leg nine provided a production estimate for 9/10ths 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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TABLE 23: 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. 

[_H —“”V.- Percent of Total Catch Per Trap Trap No.3 Error 
— _ _-.————— 'fi- iv. "— m -——_A -« 

uV—m— « —— 
2 Error 

‘ 

Bay 1 Traps Bay 2 Traps 
. 

Bays 'of xO‘B 

1 

Year 1 2 3 4 5 1 2 3 4 
r 

5 1 2 Traps 
r_“__. 
! 1971 15.7 24.6 23.3 22.0 14.4 17.3 25.2 21.7 22.0 13.8 +16.5 +8.7 +12.60 

I 

- ,- 

i 

1972 16.1 27.8 23.3 21.5 11.3 .17.! 26.9 20.0 23.2 12.7 +16.) 0.0 i+ 3.2) 

i 1973 17.8 27.3 21.6 20.9 12.4 17.7 25.6 21.1 21.1 14.5 + 8.0 ' +5.5 .+ 6.75 

!

t 

1974 18.1 28.9 23.6 20.6 9.8 14.7 30.1 22.4 20.5 12.3 +13.0 +12.0 +12.50 

Averare 16.9 27.2 22.7 21.2 11.9 16.7 26.9' 21.3 21.7 13.3 +13.5 +6.5 g+10.03* 
’ '

i 

____u._..L.. __. 
__H~ 

‘Correctinn factor applied to annual channel production 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‘s 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 

601 
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Figure 49: Regression of sockeye egg to fry survival on spawning 
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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 g .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 
mg
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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. 
30 . 

I . 

25-1 

20- 

FRY 

PRODUCTION 

IN 

MILLIONS 

| I I l l I I I I I 

O 10 20 30 4O 50 60 7O 80 90 100 

EGG DEPOS|TION IN, MILLIONS 
Figure 51: Regression of sockeye fry production on actual egg 

deposition in the Pinkut Creek Spawning Channel. 

Fry Migration Timing 

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 diff- 

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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Pinkut Channel fry at intervals during the 1969 
spring migration. Also shown is the progress of 
the runs in time.
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Pinkut Channel fry at intervals during the 1972 
spring migration. Also shown is the progress of 
the runs in time.
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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 Superceded increased water temperatures in the channel. 

Similar results were obtained in Channel No. 2, 

except that production is larger than from Channel No. l. 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. l, 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. l. 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 smolt 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, smolt 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 smolt 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 of 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 

Fishing Time 

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) 
270 min. _ —§6—EIHT — 3.0 3.0 X 5436 16,308 

3. Estimated catch if traps 3 and 7 fished full 
24 hour period using May 22—23 time check 

5%9T5 % x 16,308 
ll 19,159 

4. Estimated catch if all traps fished full 24 
hour period using May 21-22 area check 
100 

53737 % X 19,159 
1| 75,518 

5. Estimated catch for 20 x factor, iee. each 
trap fishes 1/20 of cross section. TOtal 
nightly estimate 20 x 75,518 = 1,510,360 

6. River = Fence - Channel or 
R = 1,510,360 — 1,017,232 493,128
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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. 

Fishing Time 

21:00-21:10 
21:30-21:40 
22:00-22:10 
22:30-22:40 
23:00-23:10 
23:30-23:40 
00:00—00:10 
00:30-00:40 
01:00-01:10 
01:30-01:40 
02:00-02:10 
02:30-02:40 
03:00-03:10 
03:30—03:40 
04:00—04:10 
04:30-04:40 
05:00-05:10 
05:30-05:40 
06:00—06:10 

4512 T 3 4 

Index Trap-Time Check = T1 + T2 x 100% T3+T4 
. . _ 3906 + 2254 = 6160 _ Index Period—Time Check — 4512 + 2725 g 7237 x 100 

- 85.12% 

Step 
1. 3 x 6160 = 18,480 ~~ 100 _ 2. 85.12 x 18,480 — 21,711 

100 _ 3. 25.37 x 21,711 - 85,577 

4. 20 x 85,577 = nightly estimate of 1,711,540 

5. River = Fence — Channel or 1,711,540 - 796,405 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—23:40 914 594 
00:00-00:10 1013 ,t1372 592 ,805 
00:30-00:40 787,’ 4511’ 
01:00—01:10 190 418 6 3 527 .614 480 346 128 177 162 
01:30—01:40 146 256 401 410 452 363 251 148 169 107 
02:00-02:10 130 218 358; 322 385 264' 208 115 118 105 
02:30-02:40 275 152 
02:50 

466 892 5112 1259 1&51 1107 3194 391 464 374 

Index Trap-Area Check = 
1372 + 805 = 

466 + 892 + 1372 + 1259 + 1451 + 1107 + 805 + 391 + 464 + 374 
_2_l_7..7_ __ V — 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 

5. River = 
nightly estimate of 2,286,009 

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. 

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. 

If these two traps had fished the full index period of 

270 minutes, then their catch would be 270 x 5436 = 16,308 
90 

If these two traps had fished a full 24 hour period their 

catch would have been lggi x 16,308 = 19,159. The time 

check of May 23—24 (nlizII) 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. 

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 

Since each trap fishes 1/20th of the cross sectional 

stream width, then the nightly catch is 20 x 75,518 = 

1,510,360. 
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.



~

~ 

.auucauuu> 

uo 

huuuaowOGO: 

no 

anus

u 

.a~ 

I 

m: 

I 

~: 

.uuwua 

wanna» 

co 

away

a 

.uwuu 

huauanzlacuz 

usu 

we 

auuuuuuaum 

.m 

.N 

.= 

“Aalmv 

nuuuaauan 

«a 

mason 

counuon 

ouuououuav 

.gq 

«cams 

asu 

uo 

wucmunu>

. 
m 

“nausea 

:« 

hum 

mo 

wanes: 

.z 

mamaaaum 

~ 
.0: 

Hosanna 

uuunlana 

.~ 

mandala» 

uu>au 

.z

a
~

N 

8x 

08.—

- 

m 

8.. 

gun:

- 

u 

SJ 

non;

-
m 

.80. 

S; 

34.2 

.a;: 

33 

3.2 

~2 

.. 

..

J 

3x 

‘9; 

8- 

8o. 

8; 

2x 

a: 

2.. 

3.3.” 

2.9: 

no; 

a; 

3. 

R.~ 

2.3 

:0 

a 
23. 

mm 

3a. 

a: 

3.23 

3.”: 

$.N 

2.3 

an 

.. 

.. 

Hi 

:8. 

3o;- 

ogw.‘ 

3. 

NS. 

5; 

3.8. 

SOT 

m5: 

2; 

84.3 

8&2 

.33. 

SN: 

min 

2.- 

85 

8.3 

2 

: 
2:... 

a: 

2o. 

S; 

$.32 

8;: 

$6 

8.8 

an 

.. 

.. 

d2 

88. 

c8.”- 

m.o.3 

3. 

8o. 

3; 

o 

3.2- 

né: 

3.3- 

:53 

2&2 

o 

3%? 

99: 

2.? 

.2; 

3.8 

3 

2 
2:; 

«2 

Bo. 

S; 

«n6: 

3.52 

35 

8.3 

an 

.. 

_. 

#2 

o 

2.1m.- 

oés 

8- 

go. 

i; 

88. 

8...”- 

o.o£ 

8.2 

$63 

26: 

o 

8.1- 

nafi 

3; 

fl; 

8.8 

3 

2 
2.3. 

«2 

3o. 

34 

8.3: 

3.9: 

8.” 

2.2 

Na 

.. 

.. 

:_ 

o 

21.7 

m5: 

.3.- 

8o. 

2.; 

88. 

8.:- 

néu: 

SA 

2&3 

852 

o 

81..- 

mg: 

2; 

3.. 

8.3 

«m 

3 
2.3. 

a: 

8o. 

3; 

3.82 

852 

S... 

3.2 

mm 

.. 

.. 

.2 

o 

23.“- 

mfim 

8; 

So. 

:4 

88. 

«3.? 

m.o8 

£6 

35: 

8&2 

o 

n86- 

m.:3 

:4 

2; 

3.8 

«a 

2 
2:... 

mg 

25. 

S; 

3.2: 

3.”: 

n: 

2.: 

E 
.. 

..

J 

o 

81¢- 

méoo 

2..- 

8o. 

2; 

28. 

iN.N- 

n4: 

8; 

25$ 

8.9: 

o 

«8...- 

o.m2 

:3 

8.» 

No.3 

2 

: 
2.3

J 

8o. 

S; 

3;: 

:.~2 

2g 

:é 

«n 

.. 

.. 

.m 

38. 

«8.? 

.22 

Sr 

«8. 

:4 

3mm. 

in.- 

oifl 

2. 

8.2m 

3&2 

28. 

3.:- 

o.om: 

3. 

8; 

2.2 

«m 

a 

83. 

mm 

.25. 

S; 

52.. 

8A2 

SJ 

:2 

on 

.. 

_.

S 

w 

:8. 

8.3- 

was 

8: 

So. 

a: 

ZN? 

N3! 

9:2 

NWT 

253 

32.1: 

83. 

Sa- 

mi: 

8. 

$.N 

8.8 

am 

m 

23.. 

an

1 

So. 

a: 

2.9: 

$52 

:6 

8.3 

um 

.. 

...

J 

:3. 

8.1- 

922 

8. 

8o. 

84 

33. 

:~.- 

922 

on. 

3.02 

3.9: 

$2. 

2...- 

o.:§ 

2.- 

2d 

3.3 

«a 

q 

23. 

mo 

08. 

$4 

3.8.x 

252 

.3... 

3.8 

um 

.. 

.. 

an 

88. 

«8.7 

min: 

.5.- 

8o. 

2; 

23. 

EN;- 

oéx: 

em.“ 

«ma: 

$3.: 

$8. 

3?? 

W2; 

84 

an; 

33 

Na 

~ 

2:... 

mm 

So. 

:3 

8.3m 

$6: 

3... 

8.2 

R 
.. 

..

J 

0 

8o;- 

o.;n 

.2. 

:o. 

a; 

32. 

0;.- 

oé: 

Sé 

Ran... 

3.9: 

88. 

80.? 

oéom 

3.7 

$1... 

3.3 

S 

8 
.3.

f 

:o. 

a: 

3.3... 

$6.: 

86 

N92 

3 
.. 

.. 

gm 

23. 

2.3- 

mg: 

o 

80. 

2; 

88. 

E:- 

nénm 

8..» 

3.8m 

3&2 

:8. 

OS- 

maoS 

mm. 

2; 

5.2 

S 

a 
.3: 

an 

So. 

2; 

3.23 

3.9: 

, 

on; 

3.8 

3 
.. 

.. 

«N 

a 

$9...- 

m.m$ 

3.. 

3o. 

8; 

£3. 

.5.- 

mifi 

No.7 

8.0% 

3:: 

38. 

29a. 

flog 

8.- 

2; 

8.3 

S 

S 
.3: 

“N 

8o. 

8.. 

3.8.. 

2.9: 

3; 

8.3 

R 
.. 

..

:

_ 

. 

83. 

9:.- 

nifi 

8. 

So. 

3; 

88. 

«2.7 

9%: 

3.7 

84.3 

24: 

RS. 

39- 

0.22 

8.- 

8... 

8.2 

mm 

2 
.3: 

af 

m 

N

= 

$53 

um 

Afwwwmfi 

m 

N

a 

85$ 

«w 

aavufiwos 

m 

N

a 

35$ 

Nm 

Aaawuwwcoq 

z 

33 

33%

~ 

.wmma 

:« 

H 
.02 

ccmno 

mcaczmmm 

can 

um>fim 

cowasm 

Ecuw 

mmHmEMm 

wwufimm 

cw 

>uu 

o>wx00m 

uo 

.mocmoauficmam 

Hmofiumaumum 

can 

mucoumwuflv 

yawn» 

.mwoflucfi 

HmucmfimoHo>mv 

can 

muzmfiws 

.msuwcwa 

com: 

"> 

mam<e 

azmmm¢ 

IIIIIIIIIII||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||\\\\\



].4:0 

—1

~ 

Noo.‘ 

ow.~ 

~m.qm¢ 

-.¢q~ 

mm.~ 

wo.aw 

on 

= 

= 

o. 

o 

mso.n- 

n.o~¢ 

no. 

coo. 

no." 

o 

mo~.ma 

o.e~e 

«q.h~ 

~n.mo~ 

om._5~ 

omoo. 

ofia.~- 

o.-o 

No. 

mm.~ 

mo.¢~ 

om 

mN 

ma: 

zwd 

Noe. 

NB.“

. 

Nd.cdm 

em.o¢« 

eh.~ 

o~.o~ 

on 

= 

= 

~m~ 

mmoo. 

0—“.‘u 

o.~no~ 

«a. 

flea. 

m~.~ 

o 

o~m.m- 

o.o~q 

e~.o~ 

~o.o~n 

mm.oeg 

o 

#mo.m‘ 

n.n¢q 

em.~ 

co.“ 

o~.on 

cm 

¢~ 

ha: 

um“ 

moo. 

o~.~ 

«o.~on 

w~.~n~ 

o~.~ 

om.m~ 

on 

= 

= 

.q‘ 

o 

“ao.hu 

n.-~ 

mo. 

«so. 

no.# 

o 

aoo.ms 

o.m~¢ 

No.s~ 

no.ma~ 

mfi.oo~ 

“ace. 

meo.~- 

c.n~o~ 

Ne. 

om.“ 

w~.mN 

om 

MN 

an: 

mqfi 

moo. 

Amxd 

-.mem 

mm.om~ 

oe.~ 

-.a~ 

om 

: 

= 

“Md 

anon. 

oom.- 

m.-#g 

do. 

«so. 

Nw.~ 

ddmo. 

«an.fi» 

m.omoa 

oa.o 

mm.hqo 

mm.om~ 

mane. 

hm¢.fi: 

m.o¢o~ 

wn. 

¢c.d 

mm.m~ 

cm 

NN 

a“: 

and 

eco. 

an.“ 

na.om¢ 

en.mmfi 

e~.fi 

e~.w~ 

on 

= 

= 

fiNfi 

o 

H¢¢.hu 

o.no~ 

mg. 

Koo. 

H¢.H 

o 

mhm.c» 

n.nqn 

oe.m~ 

wo.~oe 

o~.oo~ 

coco. 

hem.~- 

o.ooog 

cm.- 

un.~ 

O¢.w~ 

om 

mg 

an: 

m~_ 

moo. 

om.g 

mn.¢~¢ 

«o.~n~ 

mo.~ 

om.o~ 

om 

= 

= 

-d 

o 

«an.m» 

o.o¢q 

so. 

«00. 

he.“ 

o 

mq~.m: 

m.~nN 

ae.~m 

mm.o- 

mo.mon 

o 

oww.n- 

m.mgn 

we.“ 

co. 

mm.a~ 

cm 

a“ 

has 

mfid 

ego. 

no.~ 

nq.m~m 

oo.mn~ 

we.“ 

Na.mu 

on 

= 

: 

do“ 

o 

o-.«- 

n.ono 

no. 

«co. 

om.fi 

o 

“Na.mu 

o.~mm 

oo.o~ 

¢~.oam 

we.mw~ 

o 

Nfim.¢- 

m.m~o 

cm.d 

em.“ 

~o.m~ 

on 

“a 

kna: 

no“ 

coo. 

nn.~ 

. 

om.~an 

on.w- 

fim.~ 

o~.m~ 

on 

= 

= 

“a 

o 

0¢c.on 

o.amN 

ca. 

Sot 

mw.~ 

o 

mon.o« 

o.w~m 

o~.o~ 

mo.hom 

um.cm~ 

coho. 

m~¢._- 

m.nc 

ca. 

qq.~ 

efi.m~ 

on 

m“ 

a»: 

ma 

Noo. 

ow.d 

hm.aom 

en.omfi 

~«.‘ 

mn.w~ 

om 

= 

: 

fin 

o 

-~.nn 

o.<oq 

no. 

Noe. 

mw.~ 

o 

h¢m.o- 

n.ocn 

o¢.oN 

<~.m- 

oo.o¢~ 

c 

mN~.eu 

o.ono 

oc.~ 

nw. 

«o.m~ 

on 

o~ 

um: 

mo 

coo. 

ms.” 

mn.oom 

an.o~fl 

nq.~ 

«d.w~ 

on 

= 

= 

HR 

o 

ono.¢u 

m.m¢~ 

ofi. 

Noe. 

mm._ 

o 

«no.5- 

m.me~ 

mh.~q 

mm.mm~ 

em.m¢~ 

o 

mn~.mu 

o.¢«q 

Nq.~ 

em. 

on.a~ 

cm 

a 
an: 

a“ 

goo. 

an.~ 

we.-n 

mo.nn~ 

MN.“ 

ca.w~ 

om 

: 

= 

fig 

0 

«-.m- 

m.mo¢ 

no. 

moo. 

¢m._ 

o 

ooo.e- 

o.omn 

mo.n~ 

wm.mn~ 

on.oe~ 

o 

«Rn.¢u 

o.~qw 

om. 

ah. 

cm.o~ 

on 

m 
ha: 

«a 

moo. 

«h.fi 

-.m5n 

cm.nn~ 

mo.fi 

q~.m~ 

om 

=
. 

= 

flm 

o 

moh.o- 

o.hn~ 

ac. 

moo. 

mm.~ 

c 

mfla.mn 

m.~an 

wo.m~ 

~N.¢on 

om.mm~ 

owwo. 

fiam.~- 

m.mmm 

on. 

«a. 

oo.m~ 

on 

n 
has 

an 

ace. 

da.~ 

~¢.Ne¢ 

«a.~¢~ 

no.~ 

mn.w~ 

on 

= 

= 

«q 

«coo. 

~no.n- 

m.-n 

no. 

«co. 

«m.~ 

mace. 

mo.m- 

o.m- 

wq.~. 

N~.No~ 

~¢.a 

ouNc. 

ado.~n 

o.~nm 

an. 

as. 

o~.o~ 

on 

e 
an: 

ac 

moo. 

n~.~ 

mo.don 

e~.o- 

ah.d 

e~.h~ 

on 

= 

= 

"a 

c 

~o~.wu 

n.0mn 

o”. 

moo. 

mm.“ 

o 

Num.nu 

o.dnH 

oo.~¢ 

dfi.m- 

o~.mnd 

o 

wm~.o- 

o.ewm 

oh.d 

oo.d 

om.m~ 

on 

N 
an: 

an 

ace. 

o~.~ 

-.m~q 

o~.cofi 

oq.~ 

0N.N~ 

on 

= 

:. 

.N 

o 

and.n- 

mufima 

mo. 

moo. 

m~.~ 

o 

mod.o| 

o.mom 

oo.¢m 

mo.mom 

om.o«~ 

o 

mmq.¢- 

m.-o 

o¢.~ 

oo.~ 

o~.m~ 

on 

m~.na< 

mm 

moo. 

«~.H 

«¢.m~a 

«o.oo~ 

n~.~ 

Nd.- 

on 

= 

= 

A“ 

o 

¢mo.ou 

o.mm~ 

no. 

use. 

Na.“ 

o 

mnn.h- 

o.mm~ 

¢~.Hq 

ac.fim~ 

w~.~¢‘ 

o 

mmfi.o- 

o.mhm 

«m.H 

ed.“ 

oo.m~ 

om 

o~.ua< 

a 
x# 

m 

N

a 

Anxvfi< 

um 

AamwwwmaH 

m 

N

a 

Amavfiq 

Nm 

Amawwumfioz 

a 

N

a 

Aaav«< 

um 

AaEWMwwcuq 

z 

ease 

«Hmaam

~ 

.hm 

:a 

A 
.02 

cawno 

mcflc3mam 

van 

um>flx 

neuazm 

Ecuu 

umEmm 

no 

oocmuauanmwm 

Hmuwumfiumum 

can 

mocwuwuwav 

namgu 

.mooavafi 

Hmacmfim0ao>ou 

can 

woufinm 

:fl 

>Hw 

owwOm 

nunwamz 

.mnumcoH 

cum: 

uH> 

Manda 

xHozmmm¢



141 

—<

~ 

3°. 

2.: 

3.2.: 

252 

2.: 

8.2 

on 

__ 

..

2 

Soc. 

222- 

22:: 

8. 

8o. 

2.: 

23. 

N8: 

222: 

3. 

2.02 

2:2 

88. 

::m.:- 

2.2. 

9:.- 

2: 

2.2 

on 

N: 

25:. 

«2 

:8. 

2.: 

2.3m 

2:3: 

8.2 

2.2 

on 

._ 

.. 

:2 

28. 

:2N- 

ed; 

8. 

So. 

5.: 

22. 

So- 

m.n2: 

2:: 

2.8.: 

8.3: 

2%. 

m3: 

222: 

o:.- 

2.: 

2.2 

om 

.: 

2.3 

«Na 

8o. 

2.: 

$.22 

.35.: 

cm. 

2.2 

on 

_. 

_. 

::n 

o 

3:..7 

22$ 

.8. 

8o. 

3.: 

2%. 

2n.:- 

22: 

85 

2.32 

$.m2 

28. 

:o:.- 

223 

9:.- 

8. 

2.2 

om 

2 
2:; 

a: 

8o. 

2.: 

2.3.: 

3.3: 

3.: 

~22 

cm 

._ 

._ 

:2 

22. 

32- 

22:: 

o 

28. 

2.: 

:33. 

«2- 

:32: 

mm: 

352 

8.02 

$2. 

.2.- 

2mm: 

2:. 

2.: 

.22 

em 

a: 

2:;- 

mom 

So. 

2.: 

8.23 

862 

3.: 

3.2 

om 

._ 

_. 

:2 

22. 

as...- 

o.8:: 

a 

8o. 

3.: 

2.2. 

2.8.- 

0.2: 

:3: 

2.2:: 

8.2: 

8S. 

:2.- 

:22: 

o 

2.: 

3.2 

on 

o: 

25:. 

M:2 

So. 

5.: 

2.22 

8.2: 

2.: 

.22 

2.. 

_. 

.. 

:2 

88. 

:2? 

oia 

8. 

So. 

3.: 

83. 

NS:- 

m.o:2 

S; 

3.2.: 

3.8: 

:3. 

95.- 

232: 

mo. 

8.: 

No.2 

on 

¢ 

2:3 

m2 

«8. 

8.: 

$62 

3.3: 

2. 

2.2 

cm 

__ 

__ 

:2 

28. 

2::- 

oéno 

S. 

«8. 

2.: 

:2. 

£2.- 

m.::N: 

3.: 

8.22 

2.02 

A:21 

2:.:- 

2.3:: 

«Ni 

2.: 

8.2 

cm 

a 

95:. 

:2 

So. 

5.: 

2.2:” 

842 

no. 

022 

cm 

.. 

.. 

:2 

£2. 

82- 

23:: 

0 

8o. 

5.: 

22. 

:3- 

25:: 

.22- 

25: 

$.02 

22. 

02:.- 

oém: 

2f 

2.: 

2.2 

on 

N 

9:: 

«2 

8o. 

2.: 

2.22 

2.1: 

2.2 

2.2 

on 

.. 

_. 

:2 

o 

22;- 

o..:m 

8. 

m8. 

3.: 

o 

2.2- 

o6? 

2.2 

2.2m 

2.3: 

28. 

3:.2- 

993 

2. 

2:2 

8.2 

on 

c 

2:4 

m2 

:8. 

5.: 

No.2: 

2202 

2. 

3:2

8 
_. 

.. 

:2 

23. 

2:: 

222: 

o 

So. 

5.: 

N2. 

:~:.:- 

228: 

N: 

2...? 

.362 

:2. 

$2.- 

22.: 

2. 

2.: 

No.2 

8 
m 

9:; 

«2 

8o. 

8.: 

8.2.: 

2.9: 

2.2 

3.2 

on 

_. 

.. 

:2 

$8. 

822- 

28:: 

8. 

8o. 

S: 

23. 

N2.- 

m.N:~: 

2.2 

8.32 

8:2 

82. 

22- 

22:: 

.:.- 

2.: 

.22 

S. 

m 

25:. 

«2 

8o. 

2.: 

2.02 

2.02 

3.: 

2.2 

on 

_. 

= 

:2 

88. 

3a.? 

0.8m 

.5. 

So. 

2.: 

5:. 

mmo.:- 

28°: 

2:: 

823 

$32 

Q22 

3.:- 

m.oa:: 

.2.- 

~:.m 

222 

on 

N 

25:. 

«2 

So. 

2.: 

2.02 

3;: 

3.: 

8.2 

on 

_. 

__ 

:2 

o 

«3;:- 

m.N:m 

8. 

moo. 

8.: 

o 

32;:- 

o..:$ 

2.2 

5:22 

8.3: 

28. 

A:2.:- 

23:: 

22- 

3.: 

2.2 

on 

: 

2.3. 

m2 

«8. 

8.: 

2.2:” 

2.3: 

8.: 

2.2 

cm 

: 

: 

:2 

28. 

N3:- 

oémo: 

8. 

8°. 

3.: 

N08. 

82m- 

odS 

2.2 

2.22 

3.8: 

$8. 

$22- 

o.:o 

i. 

2.: 

2.2 

on 

:m 

.5: 

m2 

:8. 

2.: 

3.23 

22.: 

2.2 

2.2 

cm 

._ 

_. 

:2 

0 

N2..:- 

93... 

8. 

m8. 

3: 

28. 

2::2- 

0.2:: 

2.2 

:33 

3.22 

32. 

m2- 

o.::2: 

2. 

2.: 

2.2 

ow 

on 

.3: 

am: 

So. 

N2: 

2.8.: 

«0.2: 

:2: 

2.2 

om 

... 

.. 

:2

o 

22.:- 

odam 

no. 

So. 

2.: 

o 

8:.m- 

o6; 

2.2 

2.2.: 

2.2: 

28. 

292- 

22:: 

2. 

3.2 

8.2 

on 

2 
22 

mm: 

:8. 

2.: 

2.2: 

3:2 

82 

~22 

cm 

__ 

._ 

:2 

88. 

22.7 

90:: 

3. 

8o. 

2.: 

o 

22.7 

922 

2.: 

$.23 

3.2: 

o 

236- 

0.0: 

N2: 

3. 

.32 

on 

2 
3: 

a: 

Q: 

N

a 

15$ 

2w 

:ngwmwmc: 

m 

N 

:: 

2:s 

Nm 

:mewwwmfiz 

m 

N 

:: 

:55: 

NM 

:aawmwmcu: 

z 

38 

0:92am

~ 

:.u:oov 

H> 

magma 

xflucwmmfl



142 

.moucaquw> 

mo 

zuaaaomoao: 

cc 

away

a

~ 

.mn 

I 

N: 

I 

as 

.mcmwa 

uameam 

no 

amok

A 

.umwu 

zwcuassnccaz 

u:u 

mo 

nouunauaum 

.m 

.N 

.D 

"Agnmv 

uuuoaanaa 

mo 

magma 

:uuauun 

accououwav 

.H< 

mamas 

usu 

mo 

oocuaua> 

.Nm 

nuanaam 

=q 

xuu 

wo 

nun6=c 

.z 

"muaaawm 

_ 
.o: 

Hmscssu 

maaa3aam 

.~ 

“madmaau 

~o>au 

.m

5 

SJ 

amugum 

SJ 

oo~.T..H 

SJ 

umménm

. 

go. 

SJ 

2.a 

3.x: 

Ed 

3.3 

cm: 

: 

: 

gm

o 

39.7%.m2 

8. 

80. 

S; 

o 

~2.m-ao.2~ 

8.3 

25% 

242 

28. 

.VE.N-no..N2 

3. 

3; 

Si 

82 

2 
2.3. 

mu 

«8. 

$4 

mud? 

3.x: 

No; 

3.: 

on 

: 

: 

{m 

38. 

a??? 

n4; 

No. 

30. 

34 

Owen. 

Smf 

mén: 

8.— 

2.53 

03a: 

memo. 

03.7 

933 

«mi 

NH; 

«0.3 

cm 

3 
2.5m 

man 

moo. 

we; 

3J3 

004: 

mm.“ 

8.: 

cm 

: 

.. 

Sm 

Goo. 

mmm.~u 

m.mmm 

oo. 

.20. 

~54 

ONE. 

397 

oéo: 

oo.» 

3.30 

cod: 

03°. 

no.7 

0.32 

3.: 

34 

«min 

on 

3 
2:... 

a: 

80. 

:4 

$4”: 

$52 

.34 

36m 

0.». 

: 

.. 

#3 

~80. 

~88: 

98m 

3.- 

89. 

:4 

33. 

one? 

0.3.2 

3.7 

$62” 

«N63 

:8. 

«8&1 

0.25 

mm. 

34 

no.3 

am 

am 

25—. 

mom 

.50. 

em; 

$.32 

2.03 

mo.~ 

No.3 

3 
: 

: 

dmm 

«n3. 

3a.: 

9?: 

o 

08. 

on; 

mom. 

:of 

Wm: 

«To: 

moémn 

91m? 

2:. 

.50.: 

mdnn 

RT. 

84 

2.3 

3 
cm 

was, 

Mum 

So. 

:4 

RA; 

$.92 

3. 

No.3 

on 

: 

: 

a:

m 

age. 

03.7 

m.mo2 

3.: 

So. 

:4 

~30. 

~34- 

m.m~2 

3H1 

3.03 

3:1: 

:3. 

«3.: 

93: 

8.- 

mm. 

wmdN 

on 

2 
«can 

3..

a

a 

A 
M389: 

awn: 

uswauz 

AEEvnuwaoA 

n. 

N

a 

3.5 

Nm 

:3: 

a 

N

a 

335 

mm 

:32 

m 

N

: 

1553 

um 

:32 

z 

33 

392%

~ 

A3253 

.15 

6.369 

xflwcwmmfi



143 

0-4

~ 

moo. 

-.~ 

om.mm~ 

oo.o- 

au.~ 

ed.o~ 

on 

= 

: 

fig 

mauo. 

ama.~- 

o.o~o 

do. 

«co. 

MN.# 

o 

oo~.¢- 

o.N¢e 

<¢.m~ 

a~.~en 

«m.~q~ 

o 

~w¢.m- 

m.¢oo 

«a. 

-.~ 

-.0m 

an 

ad 

has 

«Rd 

moo. 

m~.~ 

mm.o~q 

~m.m- 

n~.~ 

mm.m~ 

on 

: 

= 

#0“ 

enou. 

Qno.- 

o.amH~ 

o 

goo. 

nn.~ 

o 

Nao.q- 

o.mno 

e¢.u~ 

N~.mqe 

ou.nwd 

o 

omm.¢- 

o.eeo 

o~.~ 

Na.” 

oo.om 

on 

ad 

an: 

mo_ 

Noe. 

As.“ 

oo.~mn 

mhgcud 

¢~.~ 

mfi.ou 

an 

= 

= 

gm. 

anoo. 

q¢~.«- 

o.w 

no. 

goo. 

¢~.~ 

o 

www.mu 

m.owo 

on.n~ 

do.~qm 

wa.mm~ 

once. 

mmn.~| 

o.~om 

om. 

mm.“ 

¢~.a~ 

om 

a“ 

a»: 

zmfi 

Noe. 

fin.“ 

m~.o«~ 

¢~.d~fi 

¢~.# 

ma.m~ 

on 

= 

= 

gq~ 

«coo. 

mmn.nu 

o.om~ 

no. 

Noo. 

q~.fi 

o 

~¢o.¢- 

o.¢eo 

oo.hfi 

no.mmq 

¢~.mn~ 

mmoo. 

mam.~- 

n.5mw 

co. 

am.fl 

mm.o~ 

on 

ma 

%a: 

mod 

moo. 

w~._ 

aq.mmn 

«m.-~ 

mo.~ 

oa.m~ 

on 

= 

= 

find 

.NNa. 

anu.~- 

o.mwo~

. 

o 

«cc. 

V5." 

«moo. 

amm.~- 

o.o~m 

Nn.o~ 

oo.dfim 

om.hm~ 

omoo. 

mnh.~| 

o.o¢w 

N“. 

mc.~ 

~o.a~ 

cm 

«a 

aw: 

mm“ 

moo. 

~5.fi 

no.m~n 

oh.h~g 

od.~ 

o~.m~ 

on

= 

= 

-M 

Knuo. 

aam.fiu 

n.5cm 

«o. 

«co. 

<~.fi 

mmoo. 

_¢m.~- 

m.wno 

oo.o_ 

m~.ogm 

oh.un~ 

undo. 

nm~.~- 

o.nno 

on. 

a~.~ 

oo.m~ 

an 

m“ 

an: 

:Nd 

moo. 

mh.~ 

N«.Nwe 

o~.on. 

mo.~ 

wa.w~ 

em 

= 

= 

dad 

aomn. 

nan.- 

n.ea- 

Ho.- 

moo. 

q~.~ 

Nooo. 

~mn.m- 

o.mmp 

No.n~ 

m¢.cqn 

-.n¢~ 

dooo. 

Noh.m- 

o.¢- 

no.“ 

o~.~ 

wo.m~ 

on 

Na 

>az 

add 

noo. 

¢n.~ 

no.~o~ 

om.o~d 

<m.~ 

Nm.w~ 

on 

= 

= 

flag 

onoo. 

nn¢.~- 

o.«mm 

«o. 

«co. 

oh.g 

o 

o¢¢.¢- 

m.moe 

«F.5H 

¢¢.mnn 

m~.¢¢~ 

o 

new.n» 

m.ofifi 

om. 

ma. 

Nu.a~ 

on 

- 
km: 

mod 

«co. 

¢h.d 

~q.qn¢ 

o~.NN— 

mn.~ 

«m.w~ 

on 

= 

: 

Hm 

emu”. 

on_.~u 

o.~wo~ 

No. 

“on. 

n~._ 

Nooo. 

hom.nu 

m.~¢~ 

w~.¢# 

nm.aa~ 

ca.~<d 

“coo. 

eh~.m- 

m.oom 

mm. 

mm.# 

o~.m~ 

on 

m 

an: 

mm 

coo. 

on.” 

~o.oh~ 

o«.m~_ 

no.~ 

«h.w~ 

on 

= 

= 

flm 

coco. 

~n~.A- 

o.oam 

No.1 

flee. 

ch.“ 

choc. 

mn¢.~- 

o.qmw 

~n.a 

oo.oom 

~a.wn_ 

mooo. 

n~¢.m- 

m.moh 

ca. 

~n.H 

o~.m~ 

on 

m 

an: 

mm 

moo. 

oh.~ 

m~.oa~ 

w~.m- 

fim.~ 

~¢.m~ 

on

= 

: 

A“ 

mace. 

-n.~| 

o.oo¢ 

«o.. 

«co. 

qn.~ 

«#00. 

mme.~- 

o.mem 

mm.a 

o¢.amu 

m«.wn~ 

o 

aoo.na 

m.nmo 

NA.“ 

mo.~ 

¢~.m~ 

om 

N 

am: 

as 

«ca. 

55.“ 

m~.som 

wo.NmH 

HF._ 

¢~.m~ 

on 

=
. 

: 

fie 

Mano. 

oda.d- 

o.nha 

no.» 

moo. 

m~.~ 

deco. 

Num.m- 

m.Hao 

om.qH 

¢~.¢Nq 

mm.0q« 

o 

t.¢- 

m.¢mm 

oc.fi 

on.” 

q~.on 

on 

0 

ha: 

me 

coo. 

ow.~ 

aq.hma 

om.~nfi 

-.~ 

«n.m~ 

on 

= 

= 

Am 

houo. 

omm.d- 

n.o~m 

no.- 

Noo. 

n“.fi 

oa_o. 

Qmo.~- 

o.mqo 

mm.» 

n~.nmm 

o~.fiqfi 

nooo. 

m-.mc 

m.mm~ 

ma. 

No.“ 

~n.m~ 

an 

m 

an: 

an 

Noe. 

cs.“ 

«w.onn 

~m.om~ 

“q.fi 

co.m~ 

om 

= 

= 

.e 

onma. 

fl¢o.- 

o.¢¢- 

o 

«co. 

¢~.~ 

hmflo. 

nmfi.un 

o.mmo 

mm.» 

o~.hm¢ 

od.am~ 

mace. 

o.~- 

m.m¢w 

No. 

m¢.. 

oo.a~ 

om 

¢ 

ha: 

ma 

Noo. 

-.g 

mw.mq~ 

oa.om~ 

NA.A 

we.m~ 

on 

= 

= 

fin 

nooo. 

“an.n- 

n.5mh 

no. 

Noo. 

om.d 

o 

oo~.o- 

o.~mm 

om.m~ 

mn.enm 

~a.omH 

o 

oqa.nu 

m.ame 

e~.u 

Na. 

em.a~ 

om 

m 

an: 

mm 

moo. 

~m.~ 

fi~.~mN 

wo.o- 

m¢.H 

mo.n~ 

on 

= 

= 

HN 

mwoo. 

non.~- 

m.a~m 

mo.- 

moo. 

m5.“ 

0 

ofin.m- 

o.«o< 

mu.- 

m~.~¢q 

gm.mnfi 

o 

A¢~.h- 

Nwfi 

«n.N 

m~.~ 

~o.om 

o« 

H 

as: 

mu 

moo. 

ow.d 

~a.mmm 

Nw.ac~ 

-.d 

mm.- 

om 

= 

= 

a“ 

o 

«nm.e- 

m.wgo 

mo.- 

Noe. 

Hm._ 

mONN. 

aeu.- 

n.mm- 

om.“ 

mm.om~ 

wo.m¢H 

o 

«on.¢- 

o.-m 

no. 

em. 

om.m~ 

om 

mu 

.ua< 

a 
mg 

m 

N

a 

Anxvfi< 

mm 

AnxwuwmaH 

m 

N

a 

Awavfiq 

Nm 

Awawwmmfiwz 

m 

N

: 

Aasvfic 

Nm 

Aaawuwmaoq 

z 

uumn 

waneum

~ 

.23..” 

:H 

a 
.02 

cca 

mCaczmmm 

98 

um 

:0”;a 

Eouu 

mmamfimm 

uwuamm 

can 

.Cw 

mumOm 

Mo 

.00cmufluflcmwm 

Hmofiumwumum 

mam 

wocwumwwfiu 

.393 

.wooHUCH 

HmucmémoHo>QU 

0:5 

muswflmz, 

.mnumcma 

cum: 

"H; 

"592. 

xHazmmfi



144 

.muucfium> 

mo 

zufiucowoao; 

:o 

umvk

u 

5N 

n 

N: 

u 

4: 

.mamvE 

39.5w 

:0 

gnu...

~

a 

.umou 

zwcuifilczw: 

9: 

no 

mujmuugm 

.m 

.N 

.3 

"2:5 

nauosmumm 

mo 

9.m 

.59..q 

03.33:“. 

.3 

“SEE 

on.» 

“0 

9.53.2; 

.Nw 

3395mm 

5 
at 

Mo 

“09—5: 

.2 

33953 

4 
.0: 

43.530 

wick—Em 

4 

ummaafimm 

.33: 

.m

a 

4o.v 

00m.N 

I... 

4o.v 

024 

I..— 

_o.v 

ow~4 

um 

moo. 

:4 

:4“: 

24.34 

mm4 

«93 

cm: 

4H. 

048. 

mmw4| 

nan 

o 

N00. 

:4

o 

84.0.. 

a: 

3:: 

mmq 

3K:

0 

30.0: 

awn 

mo. 

on4 

mm6~ 

91: 

4mm 

80. 

:4 

maéow 

3.34 

54 

emda 

0m 

: 

: 

on 

Snow. 

:91 

mdw: 

40.: 

woo. 

:4 

Ema. 

3.4.1 

98: 

34 

:.~: 

N903 

ooNN. 

Nmnf 

0.3: 

em. 

34 

8.3 

cm 

N 

0:3, 

«3 

«co. 

“:4 

Eden 

«in: 

34 

«mdw 

om 

: 

: 

4mm 

come. 

wan4l 

oémg 

4o. 

moo. 

:4 

3:. 

«24: 

0.304 

0.1m 

mmdoo 

om.n2 

and“. 

ogf 

o.~w: 

ON. 

34 

Eda 

on 

4 

wash 

«2 

~09. 

:4 

35% 

2.0: 

mm.N 

0n.m~ 

on 

: 

: 

4: 

coco. 

«mud: 

042 

8. 

So. 

:4 

o 

03.7 

n.a~o 

2.2 

$.03 

36.: 

mooo. 

mm<.m| 

0.3“ 

.24 

mo.N 

.364“ 

cm 

on 

an: 

a: 

moo. 

:4 

.2103 

owéfl 

34 

00.3 

On 

: 

: 

4o“ 

mooo. 

9:6: 

06: 

no. 

woo. 

:4 

o 

omwén 

méno 

3.94 

.363 

3.9: 

o 

qwmél 

m4E 

«a: 

$4 

oodm 

on 

@N 

mu: 

mow 

80. 

:4 

363 

£42 

mm.~ 

00.3 

on 

: 

: 

4mm 

SB. 

034- 

9304 

«o. 

«co. 

:4 

o 

coma- 

90$ 

24: 

04.2.4 

006.1 

o 

2361 

mémw 

24 

£4 

Sdn 

on 

ma 

as: 

MS 

N00. 

:4 

:4: 

«5.9: 

$4 

wmdu 

om 

: 

: 

4: 

.340. 

mood: 

n.0mm 

No. 

N00. 

:4 

o 

mama: 

06mg 

34: 

nnéwm 

«9.34 

4000. 

$5.4”: 

m.m-. 

cm. 

.34 

mmdm 

om 

RN 

>54 

mam 

Noo. 

:4 

403: 

2.54 

NN4 

no.3 

on 

: 

: 

4: 

S40. 

mmudu 

m.-m 

8. 

«co. 

:4 

o 

.424: 

m.mom 

053 

2.2.4 

$.32 

o 

~33: 

05$ 

no.4 

o~4 

3.0m 

0m 

ow 

an: 

MMN 

80. 

:4 

mud: 

3.34 

:4 

35w 

on 

: 

.. 

4NN 

Nqoo. 

QTYNI 

Odom 

No. 

80. 

:4 

o 

2.4;»: 

m40@ 

<~4~ 

.363 

90.9: 

o 

Smél 

méoe 

044 

34 

dm 

on 

mm 

3.: 

«3 

N00. 

:4 

$63 

3.24 

34 

8.3. 

an 

: 

_. 

4; 

800. 

.43.? 

0.25 

8. 

N00. 

:4 

0 

$461 

n.00m 

no.3 

g6; 

~99: 

o 

ammén 

oémo 

o~4 

34 

36m 

om 

mu 

‘3: 

a: 

N00. 

:4 

mo.~0m 

3.02 

.24 

3.3 

cm 

:

: 

,4o~ 

n50. 

43.? 

mémm 

No. 

«co. 

:4 

~08. 

:m.m| 

0.0: 

2.: 

3.03 

and: 

200. 

:m.~: 

méow 

we. 

~m4 

8.0m 

on 

NN 

ha: 

mom 

moo. 

:4 

3.8.4 

cod: 

84 

wadm 

on 

_. 

: 

43 

~20. 

25.7 

mi: 

«0. 

N00. 

:4 

o 

3:47 

m.mmm 

ow.o~ 

mmém.‘ 

@902 

o 

@097 

0400 

£4 

.54 

3.3 

on 

4N 

aw: 

ma 

moo. 

:4 

mmé: 

90.34 

34 

3.2 

on 

: 

: 

4m: 

3.2. 

$34: 

m.moo4 

4o

. 

«co. 

:4 

38. 

~34: 

m.m~o4 

no.“ 

ow4o¢ 

:3: 

.430. 

«:4: 

m.moo4 

3. 

34 

00.3 

On 

cu 

an: 

«3 

n. 

N

a 

4954

m 

4f: 

“8?: 

35 

2303 

E: 

55:04 

a
N 

53: 

m 

N 

a 

353

m 

53: 

m 

N

a 

9552 

mm 

:3: 

z 

33 

395%.

~

~ 

4.ucoov 

HH> 

manna 

xflwcomm«



145

~ 

-t

~ 

moo. 

mm.“ 

wo.~mm 

wc.mn— 

N¢._ 

<o.o~ 

on 

: 

: 

od 

«coo. 

«an._| 

o._oo~ 

do. 

moo. 

on.a 

ammo. 

mNo.d| 

m.moo 

oc.n 

¢~.om¢ 

mw.oq~ 

«moo. 

mo~.«a 

m.o~od 

an. 

o~.~ 

om.a~ 

om 

oN 

an: 

«cu 

moo. 

fin.‘ 

«h.am~ 

oo.mm~ 

.0. 

co.o~ 

om 

:

. 

: 

dmd 

«noo. 

onh.~n 

o.¢mm 

no. 

woo. 

on.“ 

Nooo. 

oem.ml 

m.mnh 

~o.- 

nm.o~n 

No.med 

maoo. 

~mm.~n 

o.Nqo~ 

um. 

ca.~ 

w~.on 

om 

oN 

an: 

and 

moo. 

on.“ 

mo.~oq 

om.~m~ 

mm.“ 

oo.m~ 

on 

: 

: 

Hod 

coco. 

mmn.n| 

m.non 

co. 

moo. 

w~.~ 

o 

N¢¢.¢| 

o.nnm 

on.o~ 

mm.—o~ 

wo.oma 

-oo. 

omo.m| 

m.m¢o 

«o. 

no. 

on.om 

on 

on 

has

q 

woo. 

mn.~ 

m<.-n 

om.~q~ 

co.“ 

oo.m~ 

on 

: 

: 

flag 

0 

muo.au 

o.¢~o 

no. 

moo. 

on.~ 

o 

Nud.¢| 

m.m¢o 

¢—.o~ 

mn.mcn 

«q.omfi 

oqmo. 

ago.~| 

o.onm 

on. 

ad.“ 

om.om 

om 

am 

has 

and 

¢oo. 

mm." 

mn.mOn 

oo.mm~ 

q~.~ 

o~.o~ 

on 

: 

: 

“Nd 

mmoo. 

onn.~u 

o.NAo 

No. 

moo. 

nn.g 

Nooo. 

Nnm.n| 

o.~nn 

owned 

oo.nnm 

om.omfi 

«woo. 

aom.~| 

o.mom 

cs. 

¢¢.~ 

om.o~ 

on 

o“ 

>m= 

mud 

woo. 

<N.~ 

um.~o~ 

ma.~n~ 

no. 

NN.¢~ 

om 

: 

: 

dog 

m-o. 

N-.~I 

m.o 

no. 

Noo. 

n~.~ 

o 

Noo.ml 

o.m~m 

-.n~ 

~o.uq~ 

o~.m¢fi 

o 

nmm.nn 

m.n~n 

on. 

as. 

oo.om 

om 

n_ 

has 

«AH 

moo. 

on.~ 

ao.mo~ 

¢~.<nfl 

oo.~ 

Nm.o~ 

on 

: 

: 

god 

nmnq. 

Noo.u 

o.«¢- 

o 

moo. 

as.“ 

o 

no¢.cl 

m.~oo 

on.- 

oo.mm~ 

oo.o<~ 

o 

«oQ.MI 

m.ooo 

«m. 

m~.~ 

o¢.o~ 

on 

o“ 

was 

moo 

moo. 

on.d 

No.omul 

on.oqg 

no. 

oq.mN 

om 

: 

: 

am 

mmmw. 

onm.n 

o.~ngfl 

#0.: 

moo. 

on.a 

ofioo. 

~o~.nl 

m.oom 

om.od 

oo.«nn 

ow.omd 

Nooo. 

Noo.n| 

n.mmn 

ms. 

oo.~ 

¢~.on 

on 

Na 

ha: 

mm 

moo. 

on.~ 

ha.oon 

No.Nn~ 

oo. 

on.w~ 

on 

: 

: 

do 

coma. 

own.| 

o.mod~ 

do. 

moo. 

oo.~ 

o 

-H.0| 

m.Non 

o~.o~ 

om.oon 

o~.om~ 

o 

omfl.un 

m.m¢~ 

eo.~ 

om. 

No.om 

on 

o“ 

as: 

do 

coo. 

ow.~ 

~q.uon 

om.mqg 

oN.d 

-.o~ 

on 

: 

: 

an 

oooe. 

noo.| 

o.mnN~ 

o 

moo. 

ow.~ 

mmao. 

omo.~l 

o.Nmo 

om.o 

an.~on 

on.~m~ 

«moo. 

mon.~n 

m.m~m 

on. 

~¢. 

on.a~ 

on 

R 

an: 

an 

moo. 

~m.~ 

om.~ow 

Nn.~md 

co.“ 

~<.m~ 

on 

: 

: 

do 

momu. 

unm.| 

o.onda 

co.| 

odo. 

nu.“ 

moNN. 

own.| 

m.mm~d 

¢¢.¢ 

oo.~wm 

on.om~ 

mooo. 

maq.mu 

m.mnn 

om. 

om.H 

annom 

om 

m
. 

Am: 

no 

coo. 

as.“ 

no.an~ 

cm.mnH 

on.“ 

em.o~ 

cm 

: 

: 

Am 

ammo. 

«#0.: 

o.w<- 

oo.| 

Koo. 

on.~ 

o 

-o.mx 

o.¢n¢ 

wo.w~ 

mm.mom 

o#.~m~ 

o 

woo.ml 

o.~oe 

¢¢.A 

o~.d 

oa.o~ 

on 

m 

am: 

mm 

«00. 

do.“ 

~¢.oo~ 

om.omH 

q©.~ 

mm.m~ 

om 

: 

: 

a¢ 

onno. 

¢n¢.~n 

o.~¢o~ 

so. 

moo. 

mm.“ 

o 

mom.¢| 

m.n~o 

wa.c~ 

Hc.ofim 

~m.nm~ 

nmoo. 

doh.~n 

o.ooo 

on. 

w~.~ 

-.a~ 

om 

\om 

.un< 

aw 

coo. 

m~.~ 

oo.~o~ 

w~.on~ 

m¢.~ 

<w.o~ 

on 

: 

: 

Hm 

Nooo. 

hmn.n| 

o.nm~ 

mo. 

moo. 

eo.d 

mmoo. 

~¢m.~| 

m.dwm 

¢n.m 

oN.nmN 

w~.o¢~ 

«vow. 

o~m.1 

o.¢mflfi 

o~.| 

am.~ 

«o.o~ 

om 

mm 

.ua< 

mm 

moo. 

oo.a 

nn.~m~ 

No.onH 

om.~ 

w~.w~ 

on 

: 

: 

Na 

mood. 

mmm.| 

o.o-~ 

o 

moo. 

oo.~ 

o 

Ham.¢l 

m.¢on 

oo.m# 

mc.~q~ 

No.¢na 

Noo. 

q.mu 

o.mnn 

Qo. 

~m.~ 

Nn.oN 

om 

ow 

.ua< 

MN 

coo. 

um.~ 

mo.o~n 

Nm.¢q_ 

mm.q 

om.o~ 

om 

: 

: 

ad, 

mono. 

mom.uu 

n.-o~ 

mo.n 

«oo. 

mn.~ 

ammo. 

omm.~| 

m.wqo~ 

No.¢| 

mo.<~m 

o~.o<« 

mac. 

coo.| 

m.o<- 

oo. 

mm.~. 

um.o~ 

on 

em 

.ua< 

a 
m“ 

m 

N 

D 

ova< 

um 

AQMWWMM:H 

m 

N

o 

awavao 

um 

Awawwwwaws 

m 

N 

o 

Aasva< 

um 

Aaawwwwcwq 

z 

mumn 

oHnanm

~ 

.Hbma 

CA 

H 
.02 

Hoccmno 

mcflc3mmm 

can 

Hm 

.mocMOMWflCm 

«moaumwvmum 

can 

mucmumwman 

ufimnu 

>flm 

:ouHDm 

EOuu 

mwaaanm 

.moU:H 

HmucmEm0H0>mu 

can 

munmamz 

owuamm 

CM 

haw 

owwxoom 

Mo 

.mnamcoa 

can: 

uHHH> 

mania 

xHozmmm¢



146 

ucnwfi 

wnu 

we 

mucmaum> 

.umou 

swauw53|ccm2 

wnu 

mo 

mafiumfiunum 

.m 

.N 

.3 

“Ad

. 

m 

"muamfimm 

:« 

hum 

we 

noses: 

.z 

umwanamm

A 

.mmucaaun> 

mo 

zuauaowoao: 

:o 

umva

0 

.¢# 

u 

N: 

n 

fin 

.mcmwfi 

waaEww 

:o 

um 

Imv 

nouwfiwumm 

mo 

mcm 

:mmzumn 

mucouvwwav 

.q<

n 

.0: 

camnu 

wcaczmnm 

.H 

ummEmm 

nm>uu 

.m

a

~

N 

do.A 

uoo.~

u 

m 

do.v 

um~.~

u 

m 

Ho.v 

and.“

n

h

\
m 

moo. 

nn.~ 

o~.mm< 

on.¢mfl 

mo.~ 

n~.mN 

omo

um 

mo.\ 

Am.mo~ 

do. 

moo. 

wn.~ 

doo.v 

p~< 

eo.o~ 

mo.mmm 

m¢.0m# 

goo.v 

nan 

mm. 

me.” 

«w.o~ 

0mm

9
“ 

coo. 

cn.d 

nm.<¢- 

Ou.mm~ 

wn.~ 

«m.0m 

on 

: 

: 

ma
m 

nmo¢. 

wwo.l 

m.nm- 

go. 

«co. 

nn.~ 

mwmm. 

mmN.I 

o.mgNH 

Nq.m| 

mm.o~m 

m~.om~ 

NxNH. 

wo~.~| 

o.mwo~ 

~n.| 

mo.“ 

No.0m 

on 

q 

«:55 

ma 

moo. 

Nm.— 

ac.mmc 

ow.eMa 

ca.“ 

¢w.o~ 

0m 

: 

: 

find 

.

x 

@QNH. 

~¢¢.I 

o.om- 

~o. 

qoo. 

mn.~ 

ficofi. 

omN.«| 

m.nwo~ 

m¢.m 

Om.wmn 

w~.~¢~ 

mHNN. 

non.| 

o.oq~. 

0N. 

NN.A 

co.0m 

an 

N 
wash 

mg 

moo. 

Nn.~ 

mo.o-~ 

qo.~cfi 

oo.N 

¢~.0n 

0m 

: 

: 

dug

a 

mONN. 

mon.l 

m.mm- 

o 

moo. 

Nn.~ 

ooflm. 

mnq.x 

m.ow- 

mm.~| 

ow.owq 

wq.mm~ 

NNNM. 

cum.l 

o.oo- 

o~.u 

o~.~ 

wo.m~ 

0m 

fin 

mm: 

Nd

a 

Aozvxmvcw 

Awevu:m«w3 

AEEvnuwawq

a 

m 

N

a 

A 
:14 

Nm 

:3: 

m 

N 

a 

353 

mm 

:3: 

m 

N 

a 

25$ 

Nm 

:3: 

z 

38 

3 
sum

~

~ 

Tyson: 

HHH> 

382. 

xflucmmg



1.4'7

~ 

moo. 

uh._ 

av.m~o_ 

~o.~m~ 

wm.~ 

«q.om 

on 

: 

= 

dog 

“mo_. 

oho.- 

o.mo_~ 

flo. 

woo. 

mm." 

NNNo. 

“Ho.~- 

m.-o 

oa.o~- 

o~.<nn 

oo.o¢~ 

“goo. 

m~m.~- 

o._¢a 

~a.- 

m~.~ 

oo.a~ 

on 

n 

wuau 

meg 

Noe. 

m~._ 

. 

5m.amn 

om.m«~ 

¢m. 

o~.a~ 

on 

= 

= 

unfl 

coma. 

~m~.- 

o.m~ufi 

o 

«co. 

w~.~ 

"coo. 

mem.~- 

m.n~od 

om.o- 

nn.mon 

oh.~¢d 

Nofio. 

~q~.~- 

o.¢mm 

a¢.; 

ca. 

a~.m~ 

on 

m 
wean 

«mu 

moo. 

m~._ 

~¢.~n~ 

¢n.oq~ 

no.“ 

oH.oM 

on 

= 

= 

_e~ 

«coo. 

wen.n- 

n.co~ 

no. 

«on. 

an.~ 

m-~. 

~_N.~u 

m.eko_ 

aw.o 

oo.m¢~ 

om.nm~ 

oNNH. 

~o~.dn 

o.amo_ 

¢fi.- 

am. 

oo.m~ 

on 

N 

wean 

med 

moo. 

eh.~ 

q#.wm~ 

om.d¢d 

n~.~ 

«m.m~ 

on 

= 

= 

and 

made. 

ano.~- 

“.mea 

No. 

woo. 

wh.~ 

good. 

men.. 

m.n~d~ 

No.~ 

mo.n~e 

N¢.««d 

omen. 

mam.- 

m.~o- 

N~.- 

mm.“ 

~¢.¢~ 

on 

on 

an: 

an“ 

moo. 

Ha.~ 

o~.mnn 

oe.nm~ 

~m.~ 

om.mN 

on 

= 

: 

dud 

made. 

emc.~n 

n.~¢m 

mo.u 

moo. 

m~._ 

o¢ao. 

“an.~- 

o.mno~ 

wo.k- 

m¢.o~n 

~m.w¢fl 

Knee. 

flmo.l 

n.hn- 

o. 

mm.“ 

on.a~ 

on 

wN 

ha: 

«Nd 

, 

moo. 

m~.. 

«o.n~m 

ow.dnd 

sh.“ 

oh.m~ 

on 

= 

= 

~H~ 

onhn. 

eun.- 

o.no- 

do.- 

moo. 

on._ 

“cue. 

m~¢.fi- 

o.ncod 

oo.m- 

m~.~o~ 

¢~.oed 

moNo. 

mho.~- 

m.«oa 

~¢.x 

ma. 

w~.m~ 

on 

oN 

has 

«Ha 

Noe. 

oh.~

. 

mm.sn~ 

em.w¢H 

ad.“ 

on.mn 

on 

= 

= 

~o_ 

mooo. 

ndn.n- 

o.men 

no. 

~oo. 

um.d 

0mg“. 

d.~- 

n.onoq 

«n.e 

on.~m~ 

m¢.nm~ 

~o¢_. 

Khm.- 

m.m~.~ 

od.u 

om. 

en.m~ 

on 

«N 

am: 

mod 

moo. 

on.“ 

oo.mon 

oo.mmH 

mm.~ 

ow.m~ 

on 

: 

: 

Am 

m.~¢. 

~m~.- 

m.H-fi 

Ho.n 

Noe. 

mh.~ 

«man. 

q~¢.- 

o.om~H 

No.~- 

mn.oa~ 

ma.fimd 

omae. 

nuo.- 

m.o¢- 

oo.u 

no.” 

¢h.m~ 

om 

NN 

an: 

ma 

moo. 

~m.~ 

«m.¢an 

~n.nm~ 

mm.d 

cm.m~ 

cm 

= 

: 

do 

ngoo. 

noo.~| 

m.-m 

do. 

moo. 

mm.“ 

code. 

non.~- 

o.o~o 

«u.m 

mm.¢a~ 

om.nm~ 

Rafi”. 

No~.~n 

o.~ao~ 

«m. 

mm. 

mm.m~ 

on 

mfi 

has 

gm 

«co. 

ah.~ 

Nm.~vm 

cq.~qu 

NN.~ 

~¢.aN 

on 

= 

= 

a“ 

can". 

omo.~u 

o.~¢o~ 

e 

moo. 

oo.fl 

nmfifi. 

fiem.u 

n.mddfl 

«H.n 

om.n- 

an.omH 

amdu. 

nan.- 

n.¢n- 

«H. 

mm. 

cm.m~ 

on 

ha 

ha: 

ms 

«co. 

o~.A 

mo.mm~ 

o~.oefi 

em.“ 

on.a~ 

on 

= 

= 

dc 

mooo. 

can.n- 

“.055 

mo.- 

Noe. 

oh.H 

omow. 

muo.- 

o.¢m~H 

<¢.H 

mo.mh~ 

«w.~¢fi 

mmoo. 

oom.~- 

o.nna 

Ne‘ 

mn.fi 

mm.m~ 

on 

mg 

>m= 

mo 

soc. 

ma.d 

mu.n~o 

<a.mm~ 

om._ 

oo.m~ 

on 

=. 

: 

an 

o 

~—~.¢u 

o.ano 

co.. 

«co. 

ah.~ 

momfi. 

mnm.- 

o.w~ad 

«o.mu 

m¢.-m 

om.~mH 

¢ooo. 

onm.~- 

n.m~¢ 

on. 

oo.fi 

o~.m~ 

on 

Nfi 

an: 

an 

coo. 

ww.~ 

no.mmm 

o~.~m~ 

ng.a 

on.m~ 

on 

= 

= 

fiq 

o 

hqa.n- 

m.hho 

co.» 

«co. 

~w.~ 

wamn. 

¢mm.u 

o.mafig 

em.~- 

ho.d~e 

-.om_ 

mnoo. 

ofin.~- 

o.~oe 

ow. 

N¢.~ 

-.m~ 

on 

m 

an: 

me 

moo. 

mm.~ 

om.hnn 

No.o¢~ 

mm.~ 

«o.m~ 

cm 
\ 
= 

= 

Hm 

whee. 

¢n~.- 

o.o-g 

a 

wee. 

no." 

ammo. 

eflo.~u 

o.o~o~ 

m~.h 

h¢.m~m 

o~.h¢~ 

onn‘. 

mofi.fi- 

o.~aod 

«Q. 

~w.~ 

mq.m~ 

om 

e 

an: 

an 

moo. 

om.~ 

¢n.mom 

~a.¢q. 

wo.d 

q~.m~ 

on 

= 

: 

AN 

memo. 

noo.~- 

m.ndofl 

do.- 

Hfio. 

mm.d 

oH¢H. 

o~o.~- 

o.qood 

co.¢ 

~m.enm 

on.o¢~ 

enoo. 

~m¢.~- 

o.~om 

Nm. 

a~.n 

on.m~ 

on 

Q 

has 

mm 

moo. 

m~.~ 

~w.m<~ 

ofi.cnd 

n¢.~ 

o«.m~ 

om 

= 

= 

Ad 

whoa. 

o~«.~- 

0.0a» 

«o. 

«co. 

mm.~ 

“woo. 

a~n.~- 

o.mom 

m~.¢~ 

ne.-m 

w~.m§~ 

mfimo. 

~mo.~u 

o.a~o~ 

gm. 

~o.~ 

em.m~ 

on 

N 

km: 

w 
«H 

m 

N

: 

AaxVfi< 

mm 

Anxwwwm=a 

m 

N

a 

“mavfiq 

Nm 

Auakwmoz 

m 

N

a 

Aaavaa 

«m 

Asawmwmcug 

z 

uuan 

manaam

~ 

.mhma 

:w 

H 
.02 

Hmccmso 

wcficzmmm 

can 

H0>Hm 

couadm 

Eouw 

mmanenm 

wwuamm 

:fi 

hum 

wxwOm 

no 

.ounnowwacuwm 

Hauwumwumum 

can 

wocwumuwav 

ufimnu 

.mwofluca 

HmucmEQoHo>0v 

can 

munmawz 

.rnumnwa 

cam: 

uxH 

mania 

XHsmmfi



148 

.umwu 

>wcuanzlncmz 

wsu 

mo 

moaumfiuaum 

.m 

.N 

.3 

“Ag 

m 

nuaaewm 

:« 

xnu 

mo 

hwneac 

.z 

umwaneam

A 

acmwe 

mzu 

mo 

wucm«um> 

.moucufi»n> 

mo 

huaocumoeo: 

:o 

anus

o
\ 

.0“ 

I 

u: 

n 

A: 

.mcaua 

wanenm 

:o 

away

a 

luv 

nmqMMma 

wo 

mcwmfi 

damages 

wucunuuwuv 

.fi< 

.o: 

Huccsno 

wcficamam 

.~ 

nmwaafiam 

uw>fiu 

.m

a

~

N 

S; 

03;

u 

m 

SJ 

US; 

.. 

m 

SJ 

US;

n

m

. 

8o. 

S; 

8.8a 

2.9: 

S.” 

24; 

08

fa 

8x 

$2 

8.- 

8o. 

8; 

Ex 

amid 

8; 

2.2” 

24.: 

max 

202 

2. 

mo; 

Nina 

o8

u

a 

An 
v 
av: 

Am 
v 
w 

AEEV 

uwcuq 

v.

x 

H

a 
E 
33

a 

._

a 

:5: 

«m 

:3: 

m 

a 

35:4 

Nm 

53: 

m 

a 

2.5: 

um 

:82 

z 

38 

39:3

~ 

A.ucoov 

xH 

wanna 

xflwcommfi



149

~ 

.4

~ 

moo. 

nw.fi 

wc.mcn 

oo.~o— 

so. 

vs.m~ 

on 

= 

= 

ca 

enuc. 

<m_.v 

m.m¢#~ 

o 

«co. 

nw.d 

acnu. 

o~e.n 

n.0oo~ 

No.¢n 

mo.oew 

«w.nm~ 

qnw~. 

dom.u 

o.oo- 

¢m.a 

mm.n 

o¢.a~ 

h< 

m 

gnaw 

mod 

woo. 

mm.~ 

hm.~c¢ 

no.no~ 

Nm.g 

ofi.om 

on 

: 

= 

gm“ 

oNOO. 

oo~.~| 

m.cqw 

No. 

Noo. 

mm.~ 

come. 

anc.| 

o.c~ 

Ne. 

nn.m~n 

«o.wo~ 

cmfid. 

w-.~u 

m.mmo~ 

an.| 

°~.— 

wh.o~ 

on 

N 
cash 

and 

moo. 

mn.~ 

m~.nmn 

we.mmu 

mm.~ 

oo.m~ 

on 

: 

: 

~¢~ 

oqoo. 

Nam.~l 

m.mnm 

no. 

moo. 

Nw.~ 

oemu. 

owm.| 

m.hc- 

en.~ 

nn.~un 

qo.nm~ 

meoo. 

cem.~| 

m.~¢o~ 

an.| 

on. 

ow.¢~ 

on 

fin 

an:

q 

moo. 

nu.~ 

Nw.mom 

ow.n 

sq.~ 

co.on 

on 

= 

: 

find 

0 

o-.n| 

o.nae 

co. 

moo. 

mm.“ 

«moo. 

mmn.~| 

m.woa 

Nd.m 

nn.~mn 

No.mm~ 

ocmo. 

Noo.du 

o.ono~ 

o¢.| 

an.“ 

<0.o~ 

on 

mu 

has 

and 

woe. 

an.~ 

ow.o04 

cm.omfi 

he.“ 

No.mu 

om 

: 

: 

~NH 

o 

fiom.nl 

o.ooo 

no. 

moo. 

«w.~ 

o¢un. 

mm¢.| 

o.<c- 

Na.“ 

mm.cmn 

-.~m~ 

node. 

don.N| 

n.5Nm 

ac.n 

~n.~ 

mm.m~ 

on 

@N 

an: 

and 

moo. 

om.— 

oo.n~¢ 

m~.oq~ 

we.“ 

o<.ou 

om 

: 

= 

dda 

o 

mo~.cl 

n.m¢o 

co. 

«co. 

co.“ 

undo. 

nm~.~t 

o.mma 

em.» 

me.mhu 

u~.mm~ 

cuoo. 

oun.dl 

o.¢oo~ 

o~.u 

-.~ 

ma.m~ 

an 

«N 

mu: 

Man 

soc. 

on.~ 

«o.qnm 

oo.om~ 

oo.~ 

eo.a~ 

on 

= 

: 

dog 

N‘qo. 

onn.~o 

o.moa 

no. 

moo. 

an.“ 

wcwq. 

amo.| 

m.¢¢- 

«n. 

nu.o~m 

co.am~ 

unmo. 

mdo.~| 

m.n~o~ 

«n.| 

m_.— 

cm.a~ 

on 

«N 

um: 

¢o~ 

woo. 

on.~ 

om.<nc 

«n.q¢~ 

mo.~ 

Na.o~ 

on 

= 

: 

gm 

ccco. 

ooo.~| 

o.wow 

no. 

moo. 

Na.” 

ooNo. 

«mm.fin 

m.mom 

ow.n 

me.~on 

ou.~mav 

omoe. 

cm~.| 

m.n-~ 

0—. 

«m.~ 

Nn.m~ 

cm 

mm 

mm: 

«a 

500. 

#0.“ 

mm.0m~ 

wc.m<~ 

we.” 

wo.mu 

cm 

: 

: 

um 

nmeu. 

nno.~l 

o.nao~ 

no.l 

moo. 

do.” 

chod. 

coo.u 

o.o-~ 

¢—.N 

o~.oh~ 

NN.on~ 

“woo. 

woe.ml 

m.n~a 

on. 

we. 

en.au 

On 

ha 

ha: 

«m 

400. 

am.~ 

«N.wnw 

ce.oofi 

o~.~ 

co.m~ 

em

= 

: 

an 

#000. 

Onn.n| 

o.oo~ 

no.1 

moo. 

cw.~ 

meoo. 

wfin.Hc 

c.0no~ 

oe.nu 

mo.nc~ 

cm.wm~ 

n¢uo. 

Nev.uu 

o.NnoH 

Nn. 

mn.~ 

0¢.a~ 

on 

me 

an: 

am 

50°. 

um.~ 

«c.0om 

o~.mm~ 

hm.u 

No.au 

on 

: 

: 

do 

amo~. 

n-.~u 

o.~nod 

No.| 

«co. 

mm.g 

mnmn. 

mmm.u 

n.-- 

co. 

o~.~qm 

wo.cofi 

mega. 

NON.al 

m.owod 

an. 

om.~ 

cm.m~ 

on 

N“ 

am: 

do 

moo. 

5w.“ 

mo.mm« 

em.omg 

om.“ 

wo.¢~ 

om 

: 

.: 

Hn 

snoo. 

n¢c.~l 

n.nmo~ 

No.| 

mco. 

mw.~ 

mama. 

ano.~l 

m.mmo~ 

m~.w| 

hm.NmN 

ww.mm~ 

onmc. 

ago.| 

o.mc- 

o 

co. 

mm.mN 

on 

a 

am:

. 

an 

ace. 

ow.~ 

oo.mun 

ww.nm~ 

ow.g 

oo.a~ 

on 

: 

= 

~q 

gnoo. 

hnn.ua 

o.nnm 

mo.a 

moo. 

~m.~ 

ecoc. 

on~.m| 

m.own 

w_.mfi| 

o~.mw~ 

oh.c¢~ 

qq. 

¢o~.| 

o.n-a 

c 

oa.~ 

oo.a~ 

on 

h 

an: 

«9 

coo. 

no.H 

oo.mnn 

m~.a¢d 

mN.~ 

ma.m~ 

on

: 
\ 

: 

Mn 

euoo. 

o~m.~n 

m.~<w 

mo. 

«00. 

mm.“ 

«saw. 

nm~.| 

m.nNN~ 

Nu. 

wo.no~ 

em.a<~ 

o-o. 

-o.~: 

o.¢om 

«o.| 

~m.~ 

¢~.w~ 

on 

m 

as: 

Mm 

moo. 

mw.~ 

Hm.hcm 

oo.flma 

nu.~ 

mn.m~ 

Om 

: 

: 

dN 

nmoo. 

o«w.~| 

o.mmm 

we. 

ado. 

no.“ 

mNmH. 

wom.on 

o.¢-~ 

oN.m: 

mn.con 

o~.mqq 

“moo. 

scm.~t 

m.fimw 

o~.~| 

«5.0 

ww.- 

on 

m 

an: 

an 

Foo. 

we.“ 

mo.now 

oa.mn~ 

wo;a 

o¢.m~ 

on 

= 

: 

a“ 

o 

mom.eu 

o.mmn 

oo.u 

coo. 

Na.” 

Nqoo. 

<mw.~u 

o.wom 

o~.m~| 

o~.~am 

cw.~¢fl 

wmofi. 

nu~.~| 

.ono~ 

cu. 

od.m 

Nh.m~ 

cm 

H 

an: 

a 
mg 

m 

N 

b 

finuva< 

um 

Anxwuwmuu 

m 

N

D 

Awavq< 

Nm 

AwEVHMMMuz 

m 

N 

D 

Aaavu< 

Nu 

Aaawmwmcoa 

z 

wane 

waaaum
~ 

.23 

:a. 

H 
.02 

ccmco 

95:34am 

new 

aux/Hm 

couasm 

EOE 

mvEmm 

mwuamm 

5... 

EN 

mama—00m 

no 

.UOCMOAMHGvflm 

Hmoflumaumum 

can 

monwumuuflu 

Hams» 

.mooaoca 

Hmucmémoaw>ww 

and 

mvnmawB 

.mnumnoa 

:duz 

"x 

mqm<a 

xHozummm



150 

.muo:3u~> 

we 

huuocomoso: 

co 

umue

u 

.2 

a 

we 

I 

us 

.2505 

mama—am 

co 

239E 

.umou 

zuauagnccwz 

9: 

mo 

moaumfiunuw 

.m 

.N 

.D 

:75 

“3253: 

«o 

mamas 

.5253 

3:23v

J 

Emma 

93 

mo 

3:33;

. 

w 

335mm 

5 
a: 

we 

nun—.5: 

.2 

30153 

d 
.o: 

Hun—3:0 

minimum 

J 

33953 

‘53.” 

.m

w

~

N 

3K 

coo;

a 
m 

SJ 

0:.“

I 

m 

SJ 

can;

u

m 

80. 

mm; 

00.9% 

.562 

aoJ 

m~.m~ 

com 

#0
m 

moi 

Am.~: 

5. 

coo. 

cm; 

«GK 

sci 

omf 

madam 

«~62 

moX 

no: 

3? 

<~.~ 

2.3 

Sn

w

n 

Afvxoucu 

Awavunm.—m3 

35:5q

3 

a

a 

A 
very 

Nm 

EB: 

m 

N

a 

353 

um 

5a: 

m 

N 

a 

25:4 

Nu 

53: 

z 

38 

3 
5%

~ 

A3283 

x 

032. 

x8534



.muu:1«uu> 

mo 

huwaaumoao: 

:0 

away

0 

.m 

u 

N: 

I 

N: 

.uaaos 

vanaum 

:0 

gave

a 

.umuu 

moauazzacaaz 

any 

mo 

muaumauuun 

.m 

.N 

.a 

“ANIMV 

uuuuawuun 

no 

«aqua 

cwoSuwn 

oocuuwuuqv 

.«d 

“anus 

onu 

mo 

oucnana> 

mxuuaaaam 

:« 

zuu 

mo 

“mass: 

.2 

“moanaam 

d 
.02 

auauusu 

w=«:3mnm 

.— 

“nuanauu 

uw>au 

.d

a

~

N 

SJ 

".2;

I 

m 

8.v 

can;

I 

a 

SJ 

uNNJ 

..

m 

coo. 

an; 

2.2.» 

$62 

3N 

5.2 

8: 

Nu 

3x 

and 

«of 

8c. 

3; 

3x 

a: 

3.? 

8.3“ 

No.2“ 

3x 

a3 

2. 

q 

3.2 

03 

Mu 

8o. 

8; 

8.3... 

332 

3; 

8.8 

on 

.. 

..

w 

22. 

inf 

98: 

8.. 

3o. 

MK; 

88. 

Sua- 

mNmN 

8.2- 

3.3» 

263 

.38. 

ZEN- 

ONE 

8.- 

RN 

3.2 

on 

N 

«:3. 

mm 

«8. 

8; 

and: 

8A: 

in; 

3.2 

on 

.. 

.. 

HN 

$8. 

$17 

9N8 

no. 

go. 

8; 

02:. 

N36- 

98: 

EA 

8.3a 

3.9: 

:2. 

NSF 

“.82 

2.- 

8N 

8.2 

on 

.N 

2.3 

«N 

8o. 

8.— 

3.23 

8.3: 

2N 

N52 

om 

.. 

..

J 

l 

33. 

8o;- 

o.23 

8. 

n8. 

3; 

«N3. 

36. 

9&2 

2.7 

2.3,” 

$62 

88. 

3?? 

98¢ 

8.. 

Rd 

3.2 

on 

S 
.3: 

Mo 

5 

“8. 

Nu; 

$.q 

2&2 

$4 

8.3 

on 

._ 

._

m

l 

88. 

2:6- 

9:: 

8.- 

3o. 

:4 

82.: 

$9- 

98: 

.3; 

86mm 

3N2 

38. 

£9? 

“28 

3. 

No; 

3.2 

cm 

NN 

an: 

am 

8o. 

R; 

35% 

N25 

2; 

dm 

on 

__ 

..

i 

o 

.33- 

0.8.» 

8.- 

as. 

i; 

88. 

$6.? 

9N? 

and, 

3&8 

and: 

ENN. 

NS. 

9.3: 

8. 

36 

«man 

on 

3 
an:

f 

30. 

S; 

$.93 

NNéS 

$3 

No.3 

on 

..\ 

.. 

fin 

o 

3?? 

n.8m 

8.- 

e8. 

34 

28. 

5%? 

9N8 

8.2- 

3.»? 

362 

#8. 

2.2- 

2.3 

on. 

a: 

3.3 

on 

NN 

3.: 

an 

«8. 

Na; 

24$ 

$32 

$4 

2.2 

on 

.. 

.. 

NN 

$8. 

NSN- 

mi; 

8.- 

N8. 

3; 

SS. 

N2; 

93: 

and 

.2...q 

8&2 

88. 

28.? 

9:3 

mm. 

:4 

«9% 

on 

2 
.32 

NN 

8o. 

.34 

3.2; 

8N2 

8; 

8.2 

on 

.. 

..

: 

o 

2a.? 

0.29 

8.- 

So. 

2; 

3:. 

93.. 

mi: 

3.? 

3.3.» 

85.: 

28. 

DEN- 

925 

8. 

i; 

3.3 

on 

N 

.3: 

af

.

. 

m 

N

a 

Afc 

J 
Nm 

Anxwuwmfi 

m 

N 

a 

3.5

J 
Nm 

Amevuuwm»: 

.N 

N

a 

35 
N< 

Nm 

Afiwuwmaog 

z 

38 

025%
~ 

.vhma 

Ca 

H 
.02 

ccmno 

mcwc3mmw 

can 

uw>am 

:ouHDm 

Eouw 

mwamewm 

Uwuflmm 

a“ 

mum 

maoxOOm 

mo 

.oocmo«w«:mfim 

HMOfiumHumum 

wan 

wocwuauwac 

yawn» 

.mwoNcca 

HmucofimoHo>mv 

cam 

magmawz 

.mnumcma 

cum: 

"Hx 

mamas 

xHsmm¢

~



"AS—DIS 

nous—sung 

mo 

ago... 

:uoauun 

02.3336 

.3 

£025.25. 

mo 

Auuonumoso: 

:o 

unwed 

.01 

N:- 

_: 

.2305 

can—awn 

:o 

38.a 

.33 

huauH—EIaauz 

93 

no 

333:: 

.m 

.u 

.D 

3q 

93 

we 

vacuums 

.um 

nod—Eco 

a.“ 

hum 

no 

.5353: 

.2 

nuanfiaufioz 

Hosanna 

._

~ 

“man—sun 

nu?“

n 

in

~ 

do.v 

o°o.alh 

Ho.v 

oao.alm 

Ho.v 

onn.alh 

mac. 

Hm.H 

~m.mn~ 

“a.nea 

Nu.~ 

ma.a~ 

com 

mu 

no.A 

an.n~ 

no.I 

moo. 

o~.q 

mo.A 

no.0n 

mm. 

ma.~w¢ 

mm.m¢a 

Hoo.v 

n7c 

no.m 

Hm. 

wo.a 

mm.m~ 

mec

w 

coo. 

o~.a 

ou.mom 

m«.nma 

no.N 

ww.¢~ 

on

: 

wm 

swan. 

«me.

I 

o.nwaa 

ao.I 

moo. 

an.“ 

come. 

mmo.

I 

o.n<NH 

on.

I 

an.eao 

Nm.~ma 

nmwm. 

«no.

I 

n.aH 

0H. 

NN.N 

mm.m~ 

cm 

an 

act

o 

«co. 

m~.H 

no.~oo 

we.oma 

m¢.N 

wm.m~ 

on 

: 

_w 

o 

onH.<I 

o.omo 

mo. 

«00. 

mn.a 

o 

w¢¢.MI 

m.o~o 

em.HN 

Hm.ooo 

Nw.nma 

NNNO. 

oao.~I 

o.nom 

mo. 

an.” 

0N.On 

on 

«N 

Nan: 

mm 

«4 

coo. 

mn.a 

cu.mam 

om.oqfl 

nm.~ 

wm.mu 

on

.

: 

Wm 

“H 

o 

o¢m.nl 

o.m¢¢ 

mo.I 

coo. 

ON.H 

nooo. 

mm~.nl 

m.nnn 

0N.NHI 

om.mc¢ 

oh.wNH 

mmNm. 

m<¢.

I 

o.mmad 

OH. 

m¢.H 

ww.m~ 

on 

¢H 

ha:

5 

«co. 

om.H 

Hq.~wm 

ma.¢qa 

m~.H 

~a.m~ 

om

: 

mm 

o 

Onn.«I 

o.-w 

mo.I 

moo. 

mn.H 

Homu. 

«Ha.

I 

n.nHHH 

ee.n

I 

mq.wem 

an.o<H 

naoo. 

n~¢.~l 

m.¢¢m 

co. 

m~.H 

on.m~ 

on 

ma 

an:

o 

«co. 

mm.a 

om.m~< 

wo.m¢a 

am.~ 

mm.m~ 

on

: 

mm 

nwuo. 

Hoc.~I 

m.n~o 

no.I 

moo. 

oh.a 

“sou. 

mac.

I 

o.nHHH 

ma.“

I 

ou.~am 

Hw.~qa 

ooou. 

onm.

I 

n.o~HH 

HN. 

-.H 

ma.m~ 

o¢ 

NH 

has

n 

moo. 

o~.a 

Ho.Hnn 

mm.m~H 

Hm.H 

~0.m~ 

cm\

: 

m: 

«Hno. 

ano.~I 

o.maoa 

No. 

Noe. 

w~.a 

o 

o~¢.ol 

o.~Hn 

No.m~ 

no.a¢~ 

oo.oma 

o 

ohm.ml 

o.n¢¢ 

Ne.a 

«a. 

q~.om 

0m 

5 
has

c 

oao. 

nm.a 

mm.uom 

«o.~na 

Ho.N 

wa.m~ 

cm

: 

Mn 

0 

no~.wl 

m.mn 

n~.I 

moo. 

<5.H 

o 

aoa.el 

o.¢mo 

mo.~NI 

nn.onm 

on.omH 

o 

Hm¢.ol 

n.~mm 

Nm.N 

ooxH 

o¢.on 

on 

m 
an:

n 

moo. 

ow.a 

~n.oa< 

on.NnH 

mm.H 

um.mN 

on

: 

mu 

«ace. 

noo.~I 

o.oam 

mo.I 

poo. 

mn.a 

Nooo. 

Hum.nI 

m.amn 

cm.oH 

mo.qH¢ 

oo.m¢a 

o 

Nm©.mI 

m.om¢ 

No.~ 

oo.m 

en.cn 

om 

u 
an:

N 

noo. 

am.a 

<w.«oe 

o~.«¢fl 

na.a 

mm.wN 

on 

On 

un< 

“a 

capo. 

mn¢.al 

n.mnOA 

No.1 

moo. 

on.H 

mNOO. 

mom.~I 

o.m¢m 

o<.~H 

Na.n¢¢ 

OH.a

o 
. 

mon.nl 

o.¢un 

<a.a 

ma.H 

wo.on 

Om 

mm 

Hn< 

a 
MA 

u

u

D 

ova< 

Nm 

auzv*av:a 

m

n

D 

Awava< 

um 

Awaouswfius 

m

u

D 

Aesoa< 

um 

Aafivsumnua 

: 

Mann 

«Hasmm 

cue: 

cam: 

:50:

~ 

.mhma.:« 

H 
.02 

czmno 

mafiCZMQm 

Ucm 

Hm>am 

:ouasm 

Eouu 

mwamfimm 

vmuflmm 

:«

h 

.0ocmowwacuMm 

Havaumaumum 

and 

wocmuouwau 

Hausa 

smooHuCfl 

kcmemo>mu 

van 

muzwqm3 

um 

mhwxuom 

mo 

.mnuwcoa 

can: 

uHHx 

mania 

XHsmm<



153 

we 

menu: 

.6952. 

oououomuqv 

.2 

2:33 

on... 

no 

023:5, 

.3373». 

uo 

Eggnog: 

no 

uauau 

.QIN: 

Ififi.

A 

.uauu 

auuuuszlcfln: 

as» 

no 

uuauauuaua 

.m 

.N 

.D 

“:45 

nous-=32— 

Nm 

madmauo 

=« 

huu 

no 

wanna: 

.z 

mundane: 

a 
.o: 

doflauao 

maaaiamn 

.. 

“nuanaaa 

uo>uu 

.xu

~

~ 

SJ 

chain

I 
m 

3.v 

0:..."

I 
h 

22$ 

9:..—

I
n 

coo. 

as.“ 

em.oon 

HH.anH 

no.« 

m.a~ 

«an 

au 

once. 

And 

eo.n 

woo. 

no.a 

oaoo. 

ac 

ca.op.un.man 

aa.onu 

and”. 

¢o~ 

me. 

on.~ 

-.a~ 

Nan 

mu 

moo. 

nu.“ 

on.aHn 

o~.mea 

nn.~ 

w~.ou 

on 

: 

= 

“a 

o 

mne.mn 

c.0nw 

no. 

moo. 

em.a 

mono. 

«eo.~| 

o.¢nm 

oo.o 

No.non 

oa.~na 

nuoo. 

mum.~n 

m.mmm 

«w.| 

ae.a 

eo.c~ 

om 

H 

«can 

mm 

Noe. 

-.H 

H~.cn~ 

ao.ena 

_ 

ea. 

No.m~ 

on 

= 

z 

«N 

«coo. 

ouo.nn 

m.oan 

no. 

Noe. 

om.H 

Hooo. 

ema.na 

o.omo 

~n.¢u 

~m.oon 

0¢.Ona 

unno. 

nna.an 

o.nma 

o§. 

~o.u 

~¢.m~ 

on 

mm 

has 

as 

hoo. 

Na.H 

on.nnm 

«H.mm~ 

-.~ 

n~.m~ 

we 

: 

.. 

~o 

ooon. 

onn.n 

o.nnoa 

o 

¢co. 

Nw.H 

acoo. 

new.~p 

o.nmn 

wm.a 

nu.o¢u 

oo.mea 

once. 

amn.nu 

o.ann 

no. 

Na. 

um.oN 

on 

an 

an: 

. 

mo 

«co. 

e~.a 

mo.nwa 

de.nmd 

an. 

mm.m~ 

on 

: 

= 

_m 

Hooo. 

woo.n| 

o.ao~ 

no. 

moo. 

oh.a 

Nooo. 

¢~m.mn 

o.H~N 

ma.HH 

Hm.d~n 

.mn.mqa 

anon. 

Huo.u 

o.a¢aa 

ao.n 

mo.a 

an.au 

aw 

NH 

has 

Mm 

moo. 

ms.d 

nw.mwu 

an.ena 

ow.H 

-.m~ 

on 

= 

: 

.a 

o 

e¢m.n' 

n.HnH 

9H. 

Noe. 

Hm.a 

o 

moo.np 

n.~o~ 

uo.¢m 

Hm.mon 

n~.mwa 

¢aoo. 

omc.au 

m.omo 

Nn.« 

mm.a 

oa.a~ 

we 

«a 

%a: 

me 

oco. 

mm.a 

mH.ann 

ma.una 

ou.~ 

uo.m~ 

on 

da 

.m 

~n 

chad. 

wwc.

I 

m.H~HH 

«0.: 

coo. 

ow.a 

mace. 

aem.~p 

o.a~m 

cc.na 

dwymon 

«a.¢oa 

ocHo. 

oun.~| 

o.~um 

on. 

am.a 

aa.mu 

on 

R 

an: 

an 

oHo. 

mm.a 

oa.awa 

o¢.mna 

~o.n 

oe.m~ 

cm 

: 

= 

.N 

3.3. 

nouél 

WES 

Ho. 

moo. 

«win 

0 

«$3.. 

némm 

3.: 

33am 

3.a 

N80. 

«18.7 

m.-m 

on. 

~¢.H 

wu.m~ 

0m 

.V 

has 

an 

eoc. 

om.a 

oo.¢m~ 

mH.d~H 

~A.H 

mm.nu 

on 

aw 

: 

“a 

name. 

“Ho.au 

m.~oHH 

Ho.u 

ego. 

ah.a 

o 

«ca.ou 

o.mon 

oo.o~ 

mo.wnn 

e~.nma 

o 

ono.on 

o.~Hn 

-.~ 

en.a 

o~.on 

on 

on 

Haua< 

«Ma 

m 

N

a 

35 

um 

35.82: 

m 

N

a 

“may 

~m 

“@6250: 

a 

N 

a 

.35 

Nm 

“Sofia—.3 

z 

38 

3.5% 

2 

2 

ans: 

«4 

.562 

.whma 

:a 

H 
.02 

Hmccmso 

wcwc3mmm 

can 

uw>fim 

:ouadm 

Eouu 

mmEMm 

conflmm 

:« 

wuu 

0>0x00n 

uo 

.oocnowuacmwu 

amoaumflumum 

and 

mucouwMuao 

yamnu 

.mw0«cca 

amucoEQOHo>wu 

wan 

munmawz 

.m:um:0a 

cum: 

n“nu—"Hun 

mugs 

XHsmmfl



- 

APPENDIX TABLE XIV: Calculation process for enumeration of nightly 
fry production from Spawning Channel No. 1 

Date - June 2—3, 1972 
Start - 22:20 hours

~ 

Hour Period 
Trap No‘ 

1 

l 2 3 4 5 

00:00 
00:10 
22:20 0 0 2 5 1 
22:30 5 5 3 3 4 

22:40 7 10 7 5 9 4 

22:50 21 21 13 11 18 
23:00 48 40 61 41 36 
23flfi . 

J5é.____l§i.u__.20%._._113_._._196_ 
23:20 I 

80 80 90 50 1221 
23:30 ' -140 160 130 80 235, 
23 40 I165 205 185 105 655 
23:50 ' i185 290 255_~ 150 90. 

TIME ' 24:00 Volume ,195 380 300 185 1001 
CHECK 00:10" Sampling|220 310 300 145 90I. 
PERIOD 00:20 ' 1180 295 240 ' 130 65, 

00:30 ‘ ,155 235 200 100 60. 
00:40- 1140 210 175 r 75 _ _501 
00:50 ' 1125 175 140 60 ! 209 
01:00 a 

. 
.100 140 115; 50 f 169 

01:10 : 
g 

90 130 105 ,_.50____J 129 
01:20 :_85 _ 110 80 3 147 115 
01:30 208 I 90 70 ! 133 86 
01:40 — 

181 1 75 60 g 
153 79 

01:50 ;,: 186 i 65 _,50_;-I 91 7 66 
02:00 130 1_ __ 59‘ _,_J 164 1 87 V 73 
02:10 125 

' 161 179 82 75 
02:20 81 132 148 82 52‘ 
v02:30 ’ 88 143 114 65 55 
02:40 69 108 92 56 45 
02:50 58 83 76 52 46 
03:00 . 

68 96 74 62 37 
03:10 51 61 63 

_ 

38 25 
03:20 39 57 53 

' 35 36 
03:30 28 36 31 34 30 
03:40 ' 23 19 20 13 17 
03:50 12 9 16 12 6 

03:60 8 r 1 2 0 7 

Volume Totals 1,860 3,000 2,495' 1,180 520 
Actual Totals 1,595 1,164 1,318 1,334 1,883 

Volume x 5.11 
(mean fry/m1) r 

x lOfimin.‘: 95,046 153,300 127,495 .60,298 26,572 
ACtual x 10 min. 15,950 ' 11,640 13,180 13,340 18,830 
Grand Totals 110,996 164,940 140,675 73,638 45,402 

Nightly Migration = 535,651 

Time Check Calculations for 01:20-01:40 Period 
3135 ml x 51,1 = lEQni x 100 = 29.9% 

535,651
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Calculation process for estimating a total 
nights fry production on reduced sampling 
nights (time check) from Spawning Channel 
No. 

Date — June 4-5, 1972 
Start - 23:50 hours 

Trap No. 
Hour Period 

1 2 3 4 5 

22:20 

23:50 
24:00 100 120 105 60 121 
00:10 125 140 120 55 127 
00:20 110 125 100 50 97 

03:40 
Volume Totals 335 385 325 165 
Actual Totals 345 

Volume Count = 5.11 fry/ml x 10 min x 1210 ml/min = 61,831 
Actual Count = 345 fry/min x 10 min = 3,450 

GRAND TOTAL 65,281 

Estimated Catch in Index Period x 
Time Check Calculations (01:20—01:40) 

65,281 x 

or 
100 

29.9
~ 

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 Channel Gauge = 4.20 ft. 

Bay No. Bay No. 2 
Fishing Time 

1 2 4 5 6 

22:30-22:35 0 0 
23:00-23:05 34 0 
23:30-23:35 298 44 
00:00-00:05 473 104 
00:30—00:35 877 71 
01:00—01:05 522 62 
01:30-01:35 173 26 
02:00-02:05 84 21 
02:30-02:35 57 5 

2518 5 333 

Step Step 
1. Estimated catch if trap 2 1. Estimated catch if trap 5 

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 m5 X 15,276 
= 49,517 

4. Estimated catch for entire 
width of Bay No. 1: 
7.74 x 49,517 = 383,261 

4. 

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 1,998 98.61 
= 2,025 ” 

Estimated catch if all 
traps fished full 24 hour 
period using June 6-7 
area check 100 x 2,025 30.77 
= 6,581 
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 Channel Gauge = 4.04 ft. 

Bay No. Bay No. 2 

Fishing Time 
1 2 4' 5 6 

22:00-22:05 0 0 

22:30—22:35 0 0 

23:00—23:05 l9 l4 
23:30—23:35 290 113 
00:00—00:05 795 397 
00:30-00:35 1118 522 
01:00—01:05 1390 967 
01:30—01:35 845 497 
02:00-02:05 447 249 
02:30-02:35 149 149 
03:00-03:05 49 28 
03:30—03:35 6 10 
04:00-04:05 l 3 

04:30-04:35 0 0 

5109 2949 

Bay No. 1 Bay No. 2 

Index Trap-Area Check = Index Trap-Area Check = 

= x 100 = % = x 100 = % 

Index Period-Time Check = Index Period-Time Check = 

= £222.x 100 =“98.90%* — 2908 x 160 = 98.61% 
5109 2949 

Step Step 
1. 6 x 5053 = 30,318- 1. 6 x 2908 = 17,448 

g ' 

~

_ 

2' *..0* x 30,318 = 30,655 2' 100 x 17,448 = 17,694 
98.90r “ 

' -98.61 
3. 100 = 3- 100 . = 

28.33 x 30,655 108,207 32.17 x 17,694 
55,002 

4. 7.74 x 108,207 = nightly 4. 7.22 x 55,002 = nightly 
estimate of 837,522 

Total nightly estimate A4 + B 

estimate of 397,114 
4 = 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. 1 Bay No. 2 

Fishing Time 
1 2 3 4 5 6 

22:30—22:35 l 1 
23:00—23:05 35 8 

23:30-23:35 319 133 
00:00—00:05 1105 448 
00:30—00:35 1080 495 
01:00—01:05 1080 810 737 835 540 344 
01:30-01:35 540 393 344 393 246 172 
02:00—02:05 193 151 141 162 101 90 
02:30—02:35 98 50 

1813 3992 1222 1390 2023 606 

Bay No. 1 Bay No. 2 

Index Trap-Area Check = Index Trap-Area Check = 

A1 = l3§£ x 100 = 30.85% A2 = —§§1 x 100 = 30.77% 
4389 2883 

Step Step 
1. 6 x 3,992 = 23,952 1. 6 x 2,023 = 12,138 

2' 
—9-%?—35 x 23,952 = 24,218- 

2' gg—Qg—l x 12,138 = 12,309 

3. 100 3. 100 
X 24,218 = 78,502~ 30.85 

4. 7.74 x 78,502 = nightly 
estimate of 607,605 

Total nightly estimate A4 + B 

35777 X 12,309 = 40,003 
4. 7.22 x 40,003 = nightly 

estimate of-288,821 
4 = 896,426
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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—00:35 698 1031 
01:00—01:05 727 1309 
01:30—01:35 727 1309 
02:00—02:05 582 814 
02:30-02:35 419 846 
03:00-03:05 193 672 
03:30—03:35 99 569 
04:00-04:05 235 292 

Total 3680 6842 

Actual Catch in Index Period by 
Traps 7 and 8 = 10,522 

Step 
No. 1. Estimated Catch if Traps 7 and 8 

Fished Full Index Period 
10,522 x 6 = 63,132 

No. 2. 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 
No. 3. Estimated Catch for 5 x Factor 

5 x 66,616 = 333,080 
i.e. Each Trap Fishes l/5th 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; 

Trap No. 

Time 7 8 

13:00—13:05 o o 
13:30—13:35 1 o 
18:00—18:05 o o 
20:00-20:05 0 0 
22:30—22:35 18 25 
23:00-23:05 91 140 
23:30—23:35 188 343 
24:00-00:05 391 545 
00:30—00:35 1998 2255 
01:00-01:05 3850 4262 
01:30-01:35 3630 5912 
02:00-02:05 2750 5087 
02 3o—02:35 15'754 1650 2750 30'252 
03:00-03:05 880 5612 
03:30-03:35 412 2310 
04:00-04:05 584 2064 
04:30—04:35 229 520 
05:00-05:05 15 29 
05:30-05:35 . 2 1 
06:00—06:05 o 0 
09:00—09:05 o 0 

16,689 31,855 

Index Period 
Time Check = 15754 + 30,252 _ 46,006 

16689 + 37,855 ‘ 48,544 x 10° = 94'77% 

Step N°' 1' 35% x 46,006 = 276,036 

2' 
9%9%7 x 276,036 = 291,269 

3. 100 _ _ . . —35 x 291,269 — 1,456,345 — Nightly Estimate
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