


Terms of Reference  

The Skeena Salmon Management Committee was appointed in the fall of 
1954 by the Minister of Fisheries. Mr. A,J. Whitmore, Director, Pacific Area. 
Department of Fisheries, and Dr. A.W.H. Needler, Director of the Biological 
Station of the Fisheries Research Board of Canada at Nanaimo, were appointed 
members of the Committee. Mr. Whitmore, upon his retirement in 1960, was 
replaced by Mr. W.R. Hourston, present Director for the Pacific Area. 

The Committee was directed to investigate thoroughly the condition of 
Skeena River salmon stocks to improve the management of the runs and increase 
the yields. Special attention was to be paid to rehabilitation of the Babine 
Lake sockeye run, the Skeena's largest, which had been seriously depressed by the 
1951-52 Babine River rock slide. 

To  achieve:its objectives the Committee was directed to use.fully  the 
administrative and research staffs of the Federal Department of Fisheries» Both 
staffs had worked extensively on Skeena salmon stocks prior to 1954; the Committee 
was directed .to co-ordinate and, where necessary, extend these activities. 

After establishing the Committee, the Minister appointed an Advisory 
Board representing the various sections of the industry concerned with the 
Skeena E'almon fishery. The Committee meets with its Advisory Board several times 
each year to discuss new developments arising from investigations and the basis 
for recommendations for regulation of the Skeena fishery. Advisory Board members 
for the year 1960 are listed on the front page of this report. 

Record of Meetings  

The Committee met at Vancouver on December 19, 1959, to review the 
results of investigations carried out during the year and to examine effects of 
the regulations applied to the Skeena salmon stocks at the recommendation of the 
Committee. The Committee then examined the available evidence concerning the 
likely abundance of Skeena sockeye and pink runs in 1960, and discussed 
appropriate regulations. 

The Committee noted that the 1960 Skeena sockeye run would be composed 
mostly of 4-year-olds from the 1956 spawning and 5-year-olds from the 1955 
spawning. The 1955 spawning was the poorest on record for the Skeena and was 
expected to provide a total return of less than 200,000 5-year-olds. The 1956 
spawning was moderate in number and, in the Babine watershed, well distributed 
over the spawning grounds. The resultant smolts were comparatively abundant and 
all of good 0.ze. It was expected that approximately 500,000 or slightly more 
sockeye would return from this run as 4-year-olds in 1960. These expectations 
indicated that, even if the 1960 sockeye run was not fished, the numbers 
returning would be only adequate for a good escapement. 

The 1960 Skeena pink salmon run would be returning from the moderate 
seeding and resultant fry production of the 1958 spawning. If ocean conditions 
were average, a return in the order of 2,000,000 was anticipated. The Committee 
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considered that this number would be sufficient to provide a limi,ted fishery in 
MO" without jeopardizing future even-year runs. 

With the above in mind, the Commitee released, on December 15, 1959,  
a statement containing proposals for regulatfion of the 1960 Skeena salmon 
fishery for consideration by its Advisory Board and the industry generally. The 
proposals for regulation of the Skeena Gill- ne;t Area and adjacent waters were as 
follows: 

(a)That the upriver commercial fishing bounda#e be maintained at the Mowitch-
Veitch Point Line. 	 \\" 

(b)That prior to 6:00 p.m., Sunday, July 17, 1960*nly gill-nets having mesh 
not less than 8" linen, or 8 1/2" nylon, stretc'ed,measure, be permitted and 
that prior to this date a 72-hour weekly closed pêr4çd from 6:00 p.m. 
Thursday until 6:00 p.m. Sunday be maintained. 

(c) That fishing for salmon with gill-nets of any mesh size beespermitted after 
6:00 p.m. July 17, 1960, until the end of the fishing seasonee follows: 

) From July 17 to July 31 - 106-hour weekly closed time 8:00 a.m. 
Wednesday to 6:00 p.m. Sunday. 

(ii)From July 31 to August 28 - 96-hour weekly closed time, from 
6:00 p.m. Wednesday to 6:00 p.m. Sunday. 

(iii)From August 28 to the end of the fishing season - 72-hour weekly 
closed time, 6:00 p.m. Thursday to 6:00 p.m. Sunday. 

(d) The Committee also proposes to make recommendations as follows for adjacent 
fishing areas in order to extend similar protective measures for Skeena-
bound sockeye and pink salmon whilst passing through those areas: 

Nass Gill-net Area - Sub Area 3X and 3Y only  

(i) Same weekly closed times, and gear and mesh restrictions, up to 
August 21, 1960, as in (b) and (c) above, except that seines also 
be permitted after 6:00 p.m. July 17, 1960. 

Salmon Purse Seine Area No. 5 - Beaver Passage and Ogden - Channel only  

(i) Same weekly closed times from July 24, 1960 to August 21, 1960. 

(e) Provisoes: 

(i) That the meekly cloSed times outlined above shall be extended 
in the event that for any week or serie of weeks during -the 
progress of the fishing season the proposed weekly closuibs, in 
the opinion of the COmMittee, are 'deemed insufficient to provide 
adéquate escapement of salMon for reproduction purposes. 
'Particularly, special measures will be necessary for the week 
July 17 to July 24, 1960, if the escapement of sockeye salmon 
has been insufficient. 
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(ii) That granting of extra fishing time would be considered if, in the 
opinion of the Committee in the light of developing runs of sockeye 
and pink runs at the time, such might safely be permitted consistent 
with attaining adequate escapements for reproduction. 

The Committee met with its Advisory Board at Prince Rupert on January.. 
25, 1960, and held a public meeting in Prince Rupert on January 26, 1960. A 
further public meeting of the Committee and the Advisory Board was held on 
February 2, 1960, in Vancouver. At these meetings the 1959 Skeena salmon runs 
and the results of investigations were reviewed. All available inforffiation 
regarding the expected size of the 1960 sockeye and pink salmon runs was 
presented, and discussion of the 1960 regulations proposed in the Committee's 
release of December 15, 1959, was invited. 

Advisory Board members present at the Prince Rupert meetings were 
S. Oddsun, R. Nelson, and K.F. Fraser. D.F. Miller, 0.W. Philippson, and 
H.F. Robins, representing R.T. Hager, R. Bell-Irving, and E, MacMillan, were also 
present. Advisory Board members R. Nelson, E. MacMillan, R. Bell-Irving and 
K. Fraser were present at the Vancouver meeting, while D.F. Miller represented 
R.T. Hager. 

At these meetings, fishermen and operators acknowledged the continued 
need to restrict fishing so that the slide-affected Skeena sockeye runs could 
be rohabilitated as quickly as possible. They pointed out, however, that very 
poor prospects were in sight for 1960 British Columbia salmon runs, and 
expressed deep concern that the proposed 1960 Skeena regulations would work 
undue hardship on the industry generally. Several alternative proposals 
involving relaxation of the opening date and weekly closed times for sockeye 
fishing were presented by individuals and organizations for consideration by the 
Committee. 

Following the meetings with its Advisory Board, the Committee held a 
meeting in Nanaimo, on March 25, 1960, at which it studied the alternative 
proposals for regulation of the 1959 Skeena fishery as put forward by Advisory 
Board members, and other interested persons or organizations. In a release 
dated March 28, 1960, the Committee noted the hardships faced by the industry 
in the past few years and which it would probably face again in 1960 in view 
of the anticipated poor salmon runs to the Skéena River and other systems in 
British Columbia. On these grounds, the Committee decided to modify its 
original proposals toward permitting more fishing in the Skeena Area and in Sub 
Areas 3X and 3Y of the Ness -Area. The recommended regulations were as follows: 

(a) That the upriver commercial fishing boundary be maintained at the Mowitch-
Veitch Point line. 

(h) That prior to 6:00 p.m. Sunday, July 10, 1960, only gill-nets having 
mesh not less than 8" linen, or 8 1/2" nylon, stretched measure, be 
permitted and that prior to this date a 72-hour weekly closed period from 
6:00 p.m. Thursday until 6:00 p.m. Sunday be maintained. 

(c) That fishing for salmon with gill-nets of any mesh size be permitted 
after 6:00 p.m., July 10, 1960, until the end of the fishing season, as 
follows: 



(i) From July 10 to July 31 - 106-hour weekly closed time, 8:00 a.m. 
Wednesday to 6:00 p.m. Sunday. 

(ii)From July 31 to August 28 - 96-hour weekly closed time, from 
6:00 p.m. Wednesday to 6:00 p.m. Sunday. 

(iii)From August 28 to the end of the fishing season - 72-hour weekly 
closed time, 6:00 p.m. Thursday to 6:00 p.m. Sunday. 

(d) The Committee also proposes to make recommendations as follows for adjacent 
fishing areas in order to extend similar protective measures for Skeéna-
bound sockeye and pink salmon whilst passing through those areas: 

Nass Gill-net ArEi - Sub Area 3X and 3Y only  

(i) Same weekly closed times from July 10, 1960, to August 21, 1960(  

Salmon Purse Seine,Area No. 5 - Beaver Passage and Ogden Channel only  

(i) Same week]; closed times from July 24, 1960, to August 21, 1960. 

(e) Provisoes: 

(i)That the weakly closed times outlined above shall be extended in 
the event that for any week or series of weeks during the progress 
of the fishing season the proposed weekly closures, in the opinion 
of the Committee, are deemed insufficient to provide adequate 
escapement  of  salmon for reproduction purposes. Particularly, 
special  me ires may be necessary for the week July 10 to July 24, 
1960, if the escapement of sockeye salmon has been insufficient. 

(ii)That granting of extra fishing time would be considered if, in the 
opinion of the Committee in the light of developing runs of sockeye 
and pink runs at the time, such might safely be permitted consistent 
with attaining adequate escapements for reproduction. As in past 
years, test fishing will again be carried out from mid-June to 
early September. 

Following the 1960 season, thé Committee'met atyancouver on 
November 18, 1960, to examine thé performance of the 1960 stocks under the regu-
lations applied to the Skeena fishery at the Committee's recommendation. The 
pertinent information ià presented in the following section 

The 1960 Skeena Salmon Catch anciEscapeffient  

The follo*ing table summarizes the Weekly  catches  by  g11-net for all 
Species in the 1960 season as reported in the British Columbia Catch Statistics 
of the Department of Fisheries for Seatistical Area 41 
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Week ending 	Sockeye 	Spring 	Pink 	Coho 	Chum 

April 	30 	 3 
May 	7 	 19 

	

14 	 31 

	

21 	 34 

	

28 	 102 

June 	4 	 1 	182 

	

11 	 34 	758 	 1 

	

18 	 86 	1,120 	 6 

	

25 	170_ 	1,741 	 16 

July 	2 	352 	2,241 	 12 	10 	 40 

	

9 	252 	2,932 	 8 	37 	 42, 

	

16 	23,600 	3,297 	824 	516 	1,511',  

	

23 	41,376 	3,902 	1,801 	2,886 	710 

	

30 	65,365 	1,348 	27,050 	3,888 	2,061 

'August 	6 	35,001 	664 	57,399 	7,656 	4,127 

	

13 	13,785 	241 	48,027 	7,258 	4,237 

	

20 	4,940 	52 	16,302 	4,402 	3,602 

	

27 	 20 	 185 	170 	447 

	

September :i 	470 	42 	8,124 	4,067 	2,014 

	

10 	199 	30 	2,467 	3,229 	1,129 

	

17 	 80 	41 	643 	1,957 	953 

Totals 	185,731 	18,773 	162,842 	36,076 	20,896 

As fishing progressed it became apparent that the sockeye run was even 
smaller than expected, and was especially small in the early portion of the 
season. Figure 1 shows, for the Skeena Gill-net Area, the numbers of days 
fishing recommended by the Committee prior to the season, the actual number of 
days fishing allowed each week, the weekly number of gill-net boat deliveries, 
and the estimated weekly total abundance of sockeye and pinks (catch plus 
escapement estimates derived from test fishing above the upriver commercial 
fishing boundary). The diagram illustrates that the escapement of sockeye was 
mall prior to the commencement of sockeye fishing on July 10. During the last 
three weeks of July and the first week of August the run remained small, and 
about. 45% of the sockeye entering the Skeena Gill-net Area were caught. During 
the second and third weeks of August when fishing was reduced to 2 days per week, 
about 20% of the small numbers of sockeye present were caught. The total catch 
of sockeye in the Skeena Gill-net Area amounted to 186,000 pieces. 

The escapement was also small, amounting to about 320,000. Of these, 
263,000 entered the Babine-Nilkitkwa watershed. This was one of the smallest 
esc.apements to Babine since counts began in 1946. The spawners were well 
distribeed over the Babine spawning grounds, with slightly over half entering 
streams tributary to the under-used southern basins. Water conditions appeared 
favourable for spawning. Escapements to other Skeena sockeye spawning areas 
were lower than average. 
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The 1960 Skeena pink run was one of the poorest on record. The total 
run, slightly in excess of 500,000, was not even as great as the parent escape-
ment. The return of pinks was also poor in most other areas of British Columbia 
and southeastern Alaska, strongly suggesting that the young from the 1958 
spawning encountered extremely unfavourable ocean conditions for growth and 
survival. Figure 1 illustrates the weekly abundance of pinks in the Skeena 
Gill-net Area and the division of the stock by week into catch and escapement 
upriver. It became apparent by the end of the first week of August that the 
pink run would be very small. Consequently, additional 24-hour closed periods 
were recommended by the Committee during the second and third weeks of August in 
order to provide additional spawners. A complete closure was recommended for the 
same purpose during the week ending August 28. The total catch of pinks in the 
Skeena Gill-net Area was 170,000. An additional 100,000 Skeena-bound pinks 
probably were taken in Ogden Channel. 

The total escapement was 273,000, one of the lowest recorded on the 
Skeena River. Some 215,000 spawned in tributaries of the Skeena River or in the 
river itself, while 58,000 spawned in coastal streams adjacent to the Skeena 
Gill-net Area. The effect of the fishery on the early part of the pink run was 
reflected in the small ecapements to the Kispiox and Kitwanga Rivers. The 
closures later 'in August permitted a somewhat larger (111,000) escapement to the 
Lakelse River. 

The 196(,  Skeena gill-net catch of spring salmon was about 19,000, 
which is below average for the period since 1950. The escapements to the 
Bulkley, Morice, Kispiox, Lower Babine, and Khyex Rivers were reported by 
Departm-., nt officers to be light, and to the Kitsumgalum and Bear Rivers to be 
average. 	 _he Ecstall River and Johnson Creek were reported to have 
been better e„. , in ne  cycle  years. 

The 1960 gill-net catch of coho salmon in the Skeena area was 
approximately 36,000, which is slightly over half the 1950-58 average. The 
escapements to the Bulkley, Bear, Kitsumgalum and Kitwanga Rivers and to the 
streams tributary to the Skeena estuary were reported to be light and to the 
Morice, Sabine, and Lakelse Rivers of medium intensity. 

The 1960 Skeena gill-net catch of chums was about 21,000 pieces, 
which is less than half of the 1950-59 average. The escapements to the streams 
in the Skeena-Lakelse area and to the streams tributary to the Skeena estuary 
were reported to be light. 

The 1960 catches of each species of salmon in the Skeena Gill-net 
Area are compared with previous years' catches in the following figures. 
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Fig.' 2. Annual  packs of pink salmon caught in the Skeena Gill-net Area (from "The  Commercial  Salmon Fisheries of 
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Fig. 3. Annual packs of sockeye salmon caught in the Skeena Gill-net Area (from "The Commercial Salmon Fisheries of 
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Investigations and Fish Cultural Projects  

Since 1954 the Skeena Salmon Management Committee, which represents 
the administrative and fish cultural arms of the Department of Fisheries, as 
well as that of research, has been responsible for recommendation of appropriate 
fishing regulations, of fish cultural aid to the stocks, and of research to 
provide information for management of Skêena stocks. Reports of progress in 
research and fish cultural projects during 1960 follow this section. 

The present objective of salmon management is to provide the greatest 
possible sustained yield. This requires fullest possible use, by the salmon, of 
their freshwater and marine environments. Pacific salmon reproduce in fresh 
water and grow mainly in the sea. Although annual veriation in ocean conditions 
has important effects on growth and survival, it is generally conceded that the 
freshwater environment, particularly the amount and quality of the spawning and 
rearing area available, finally limits production. Sound regulation of the 
salmon fishery must therefore provide the escapement which will best utilize the 
freshwater environment and result in the largest return. 

The Skeena salmon investigations have therefore been chiefly concerned 
with determination of the escapement size required to produce the greatest yield 
to the fishery, and how to regulate fishing to provide this escapement. 

(1) Determination of optimum escapements  

Sockeye.  Babine sockeye compose over 80% of the total Skeena run. 
Management of Skeena sockeye is therefore, for  trie  most part, management of the 
Babine stock. In realizing its objective of providing optimum spawning 
escapements, the Committee was immediately faced with the problem of greatly 
reduced returns from the slide-affected Babine sockeye escapements of 1951 and 
1952. Stringent fishing restrictions were necessary in the years of 1955, 1956, 
and 1957 to restore these runs to at least their former level. 

At the same time, studies showed that the major part of Babine Lake was 
not being fully utilized by young sockeye. Because the young fish did not 
disperse far from the streams of their origin, better utilization depended upon 
redistribution of adult escapements. Young sockeye were more dense and smaller 
In the northern lake basins adjacent to the large outlet spawning grounds thar 
were sockeye in the southern lake basins which compose 90% of the total lake 
area. In most years the escapement to the grounds adjacent to the northern 
basins was sufficient to provide enough young to make best use of this limited 
nursery area. The amount of available spawning area adjacent to the large 
southern basins would finally limit use of the great potential of this part of 
the lake as a rearing area, but observation showed that escapements in this 
area were even less than those needed to fully use the streams. 

- Past tagging of sockeye in the fishing area and subsequent recovery 
of tags on the spawning grounds had shown that sockeye, proceeding to streams 
tributary to the southern lake basins, passed through the fishing area during 
the early and middle portions of the sockeye fishing season. Therefore, it was 
possible, byappropriate regulation, to adjust the distribution of the Babine 
escapement and thus better use the spawning and nursery areas. Since 1956 
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early sockeye fishing has been restricted. As a result the proportion of the 
total Babine escapement (and resultant young sockeye) using the main lake area 
has been increased. 

Since 1955 the Babine sockeye escapement has been restored to about 
its pre-slide level, and in 1958 and 1959 the escapements approached the 
apparent optimum required for best use of the spawning and nursery areas. The 
effect of the near optimum escapements in 1958 and 1959, together with better 
distribution of spawners and their young, has resulted in a gratifying increase 
in the numbers and size of young fish produced. (See next section--"Lake 
Sockeye Studies".) 

Pinks. Intensive study of Skeena pink stocks began in 1956. Prior 
to this time, little was known of the escapements to the major spawning grounds 
or the timing of 'individual runs through the fishery. Extensive taggings and 
surveys have since provided a working knowledge of these runs for management 
purposes. 

Analysis of past catch statistics revealed that spawnings in years 
of abundance more often resulted in large returns than did spawnings in years 
of scarcity. It was also evident that the existing stock level was far below 
that which produced the large catches prior to 1931. 

Observations in major producing streams support this conclusion. 
Since studies began in 1956, fry output has •been roughly proportional to the 
abundance of parent escapements, suggesting that recent escapements have bien 

 well below the capacity of the spawning grounds to produce young pinks. 

(2) Re ulatîon of the fisheu  

Tentative regulations designed to provide desired escapements are 
established half a year in advance of the main fishing season. To establish 
such regulations it is necessary to know the times that  différent  runs pass 
through the fishery, the likely abundance of the returning runs, and the 
effectiveness of the probable fishing fleet in exploiting them. During the 
fishing season, the regulations can be changed to adjust for deviations of 
existing conditions from those that were expected.. 

The greatest problem in establishing regulations in advance of the 
season is predicting the likely abundance of the runs. At present the best 
advance indication of the abundance of the returning runs is the abundance of 
young fish which went to sea. Recent studies have shown, however, that 
survival in the sea may vary greatly from year to year and, in the- case of 
sockeye, that the age of return may also vary. These fluctuations make precise 
prediction difficult. To improve prediction, factors associated .with these 
variations are being Investigated. These studies show that for sçbckeye, 
marine survival and age of return are related to growth both in fresh water 
•and in the sea. Thus, knowledge of the size of young sockeye going to sea, 
and that,of "Jacks" which return a year or two in advance of the main body of 
the run, will assist in prediction of the total return. With information on 
the abundance of the run, data on the times of passage of 'uns  through the 
fishery (from past tagging experiments) and on the efficiency of the fishery 
(from study of catch and escapement statistics) are then used to establish 
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tentative regulations to provide the desired division between catch and escape-
ment. 

During the season, comparison of catch figures with immediate 
estimates of escapement (derived from test fishing above the fishery), permit 
assessment of the effectiveness of regulations. Adjustments can then be made 
as the abundance of the run or the effectiveness of the fishery demands. 

Escapement indices from test fishing  

Estimates of the escapement of sockeye and pink salmon throughout 
each_season since 1955 have been obtained from the catches of these species 
in standard gill-net drifts above the upriver commercial fishing boundary. 
These estimates, together with catch statistics, permit an assessment of 
seasonal and annual changes in the rate of removal by the fishery. 

The seasonal patterns of test-fishing catches have been compared 
with those of the escapements to the spawning grounds. The comparison has 
shown that throughout each season the testfishing  catches  were generally 
proportional to the escapement. An index of the escapement as indicated by 
test fishing catches has been derived for each season by summing the average 
daily  test-fishing catch pet hour and dividing this sum into the total escape-
ment to areas upriver from the test-fishing site. The indices for the years 
1955 to 1959 are shown in Table I. 



Table I. Test-fishing indices and escapement abundance for Skeena pinks and 
sockeye, 1955 to 1960. 

(1,000's fish) 	Escapement per daily 
Sum daily catch/hr* 	Total escapement 	catch of 1 fish/day 
Sockeye 	Pink 	Saç4eYe 	Pink 	Sockeye 	Pink 

1955 	 377 	1,672 	125 	987 	333 . 	584 
1956 	 834 	522 	441 	202 	530 	387 
1957 	 769 	1,929 	485 	868 	632 	451 
1958 	1,203 	1,149 	884 	556 	735 	484 
1959 	1,111 	1,909 	854 	1,383 	769 	724 
1960 	 407 	195 	313 	215 	770 	1,104 

*Adjusted to correct for differences in efficiency of boat skippers.  

There has been consIdérable,varlation in the  indices for sockeye and 
pink escapements during the six:years  of  test fishing. Sources of variation 
include: 

(a) Differences in efficiency of  nets.  During the early part of the 1955 
seaSon, a standard commercial soCkeYe net was used instead of the special 
graded mesh nets uSed later in the season and in subsequent years.' The comer° 
cial net, having contiderably more surfeCeof e mesh size suitable for catching 
sockeye than the eXperimehtalnet„:was much .more-efficient at catching sockeye. 
For this reason, the test-7fishing index  for  sockeye in 1955- was much lower the 
in subsequent years. Comparisons of the areas of thé two nets CompoSe4,of 
Sockeye-catching mesh indicate that the commercial net would be expected to 
catch about twice as many fish  as the experimental net. Correcting for thiS 
difference for 1955 sockeye, the "eicapement per daily catch of 1 fish/day" 
index in Table I should be corrected to 510, much closer to values for the 
other 5 years. 

(h) Differences in efficiency of Skippers,  As outlined in previOus reporte 
it has been found that since 1956, there has been à consistent difference in 
catching efficiency between the two skippers averaging about 30%. This dif-
ference has  ben  accounted for in preparation of Table I. 

(c) Effects of environmental factors*  The effects of a number Of environ-
mental  factors  including time of day, wind velocity and direction, cloud cover,'. 

 tide level, aMount of debrià in the river, nuMber of seals in vicinity of net  
on test-fithing Catches were examined. It was found that none exerted 
consistent effects except the stage of the tide. Test-fishing sets are made 
only on slack tides. When tide levels were very low (below  about 5 feet),' it 
was féund that test-fishing catches Increased markedly. This Suggests that at 
very lOW tides, when much of the Skeena›River at the tst-fishing site dries 
up, the fie are concentrated more in the deep channel where test fishing is 
'conducted. 

(d) EffeCts Of net saturation.  The data in Table I suggett that the 
indices are higher in years When estapements were large than when they were 
small (excepting data for 1960)4 This in turn suggests the poSsibility that 

Year 
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the catching efficiency of the nets may decrease as they become increasingly 
Ind 

	

	filled with fish. To correct for the effects of such net saturation, a number 
of theoretical conditions were considered and tested by application to the 
actual test-fishing catch data. The situation that seemed to apply best to 

ly 	the test-fishing data was based on the assumption that each fish caught in the 
net frightens away a set proportion of those subsequently reaching the net. y 

k 	The following equation represents the relationship between catch and the 
__ 	relative abundance of fish under these circumstances: 

e eac - 1 
at 

Where q = efficiency of empty net 

'T-
ng 

an 

t s 

N_-_. number of fish reaching the net 

a 	proportion of fish reaching net repelled by a 
catch of one fish in the net 

= catch of fish in net 

t 	time 

Application of this formula to test-fishing catch data throughout 
each season provided weekly escapemenc indices that paralleled the changing 
abundance of escapements revealed by later sp-wning ground counts closer than 
did indices derived from uncorrected data. 

Even with such sources of variation in efficiency, test fishing has 
provided a reasonably reliable index of the abundance of the escapement. In 
Figure 5 1  escapement indices derived from test fishing, corrected for the 
various effects noted above, are compared with estimates of escapements observed 
on the upriver spawning grounds. The test-fishing indices vary closely in 
proportion to the actual escapements. From the graphs it can be seen that 
deviations from expected abundances of escapements are about as great at low 
levels of abundance as at high, indicating that the percentage error in the test-
fishing indices likely is greater when the run is small. 

r, 

Babine fence counts in 1960 

Babine Lake is the largest producer of sockeye in the Skeena system. 
The escapement to Babine in past years has constituted over  80% of the total 
escapement to the Skeena. Operation of a counting fence on the Babine River 
has provided an accurate record each year since 1946 (except in 1948 when the 
fence was inoperative) of the abundance,  timing and of the length, sex and age 
composition of the run. Counts have also been made of all other species of 
salmon and steelhead trout ascending past the fence. These data have been of 
particular importance since 1951 in assessing the effects of the partial block 

. to migration by the Babine River rock-slide and the success of measures taken 
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by the Skeena Salmon Management Committee toward rehabilitation Of the slide-
affected stocks. 

The numbers of the fiVe species of Pacific salmon which were counted in 
1960 are compared in Table II with counts made in  the  other years of operation: 

Table II. 	Counts of aelmon passing the Babine fenCe. 

Year 	 Sôckeye 	 Spring 	Pink 	Coho 	Chum 

Large 	Jack 

1946 	444,551 ' -31,154 	10,528 	28,161 	12,489 	18 
1947 	261,460 	261,101 	15,614 	55,421 	10,252 	. 7 
1948* 	 650,000 
1949 	461 .,139 	47,993 	7,433 	13,663 	11,938 	5 
1950 	364,356 	179,302 	6,838 	38,728 	11,654 	7 
1551 	141,415 	11,042 	2,778 	50 	2,122 	0 
1952 	349,011 	27,936 	5,915 	2,706 	10,554 	1 
1953 	686,586 - 	28,028 	8,353 	1,108 	7,648 	17 
1954 	493,677 	9,745 	5,925 	4,604 	3,094 	66 
1955 	71,352 	30,624 	3,528 	2,151 	8,947 	3 
1956 	355,345 	18,164 	4,345 	2,691 	9,250 	3 
1957 	433,149 	50,162 	7,509 	25,865 	4,421 	15 
1958 	812,043 	30,769 	8,274 	6,600 	7,606 	8 
1959 	782,868 	31,920 	9,597 	56,766 	10,947 . 	20 
1960 	262,719 	49,396 	2,855 	4,876 	6,794 	6 

*Total aockeye estimated from Comparison with stream aurveya and fence 
counts of Other years. 

The run in 1960 of 262,719 "large" sockeye was smaller than average. The count 
began on July 12. The daily count rose to a peak of 18,130 large sockeye on 
August 7. The early peak is characteristic of most years and consists of early-
running fish to the smaller streams at the south end of the lake. Following the 
peak, the run declined and rose again to a second peak of 10,211 large sockeye 
on August 27. This portion of the run is mainly composed of fish which spawn 
in the Upper and Lower Babine and Fulton Rivers. Following the second peak on 
August 27, the run declined until only 118 large sockeye were counted on 
September 28. Fence bperations were then discontinued. The run of spring 
salmon was less than average. During the early part of the season the run 
consisted mainly of "jacks", while later the run was predominantly composed of 
large fish. Since spring salmon spawn below as well as above the fence, the 
count represents only a portion of the total Babine River rune The pink salmon 
run was about average for even-year cycles following the rock-slide. As is the 
cage for springs, some pinks spawn below the fence. The coho run was a return 
in a cycle year of the 1951 slide-affected run. The runs in this cycle have 
shown a steady improvement from the count of 2,122 in 1951. A feg chum salmon 
again reached the Babine fence. 
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To examine the composition of the 1960'Babine sockeye run, 1% of the 
previous half-day's fence count was sampled twice daily for length and sex. 
In addition, sampling was carried out th  determine the proportion of the large 
fish Which were "normal", net-marked, or injured. 

Females in the 1960 sotkeye run outnumbered the large male sotkeye as in 
all other years with_the exception of the elide years 1951 and 1952. The 1% 
sample indicated that 55.7%were females and 44.3%were males.. As shown in 
Table III, thete figures are about average for the 1946 to 1960 period. 

Table III. Percentages  of male and female sockeye passing the Babine fence. 

%male sockeye 	 % female sockeye Year 

	

1946 	 43.52 	 56.48 

	

1947 	 45.56 	 54,44 

	

1948 	 ... 	 ... 

	

1949 	 40.99 	 59.01 

	

1950 	 43.74 	 56.26 

	

1951 	 51.88 	 48.12 

	

1952 	 58.90 	 41.10 

	

1953 	 44.15 	 55.85 

	

1954 	 39.72 	 60.28 

	

1955 	 47.16 	 52.84 

	

. 1956 	 48.62 	 51.38 

	

1957 	 49.00 	 51.00 

	

1958 	 39.38 	 60.62 . 

	

1959 	 39.56 	 6(5.44 

	

1960 	 44.30 	 55.70 

Sampling to determine the condition of large tockeye showed that 9.9% 
had net marks, 5.1%had other injuries and 85% had no injuries or net marks. 
These figures were timilar to thdte obtained in pest years, with the exception 
of 1951 and 1952 when many slide-damaged fish were observed. A comdariton 
with tampling in prëvidus years of fence operation is shoWn in Table IV. 

Th  



Year Normal Net-marked Injured 

1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 

84.5 
-- 

86.9 
84.2 
51.6 
69.2 
93.0 
89.3 
87.2 
94.2 
90.2 
83.5 
91.5 
85.0 

4.2 

6.8 
3.5 

31.1 
29.9 
2.7 
2.5 
6.7 
1.5 
1.5 
2.6 
4.3 
5.1 

1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 

61.5 
57.7 
60.1 
58.9 
62.4 
66.6 
55.7 
58.1 
57.6 
61.6 
62.3 
55.6 

37.4 
38.3 
38.9 
38.3 
38.6 
38.3 
38.2 
36.0 
37.8 
38.5 
37.4 
36.5 

59.9 
57.1 
58.4 
57.7 
60.3 
63.0 
57.9 
57.1 
57.0 
59.4 
60.4 
55.2 

- 19 - 

Table IV. Condition of sockeye passing the Babine fence. 

11.35 
-- 
6.22 
12.34 
18.33 
1.00 
4.27 
8.26 
6.12 
4.27 
8.26 

13.91 
4.17 
9.88 

"Jack" sockeye, as well as the large male and female sockeye, were 
smaller than average in 1960. In Table V their average size in 1960 is compared 
to that observed in previous years. 

Table V. Average length, in centimetres, of sockeye in the 
proportionate samples. 

Year 	 Large males 	 Jacks 	 Females 

The average egg content in 1960 was calculated to be 2,915 eggs per 
female . BaSed on the number of females estimated to have survived the Indian 
fishery above the fence (138,391), the potential egg deposition at Babine was 
approximately 403 millions. 
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Babine Lake sockye smolt output  

Knowledge of the number, size, and age composition of smolts emigrating 
each year from Babine Lake provides a measure of the production from parent 
escapements of known size and distribution. The abundance of smolts may also 
provide advance indications of the number which will be available to the fishery 
two or three years later. 

Estimates of the smolt output have been made annually since 1951 through 
a marking and recovery program. Smolts were marked and released near the lake 
outlet. The abundance of the smolt run was estimated from the proportion of 
marked fish among those captured further along the migration route. 

Observations since 1958 have shown that significant numbers of smolts 
leave the lake at about the time of ice-breakup and before the usual mark and 
recovery program had begun. The small size of these "early" smolts, together 
with results from tagging, suggests that they were mainly from the adjacent 
Nilkitkwa-North Arm nursery area. The main body of smolts which followed were 
larger in size, and came mainly from the more distant main lake basins. This 
recent information suggests that the estimates of the smolt output in years 
prior to 1958 included only the population emigrating from the main lake basins 
rather than from the Babine Lake system as a whole. The data for the earlier 
years are being re-examined and attempts will be made to revise the estimates 
for the years prior to 1958. 

In 1958 and 1959 estimates of the number of "early" smolts were based on 
net catches and school counts, whereas the main runs of smolts were estimated 
by use of the conventional mark and recovery method. Extension of the mark 
and recovery program in 1960 permitted, for the first time, an estimat2 of the 
total smolt migration in this way. 

From May 3 to June 26, 1960, 71,305 smolts were tagged and released. Of 
the 655,381 smolts examined three miles downstream from the tagging site, 987 
were tagged, giving a tagged to untagged ratio of 1:664 and a seasonal recovery 
of 1.38% of the tagged fish. When adjustments were made to account for a 
calculated tagging mortality, the estimated smolt . output was 45 million. The 
"early" run was in the order of 15 million and the "late" run in the order of 
30 million. 

The estimated smolt output and the survival from egg to smolt for the 
brood years 1956 to 1958 are shown in Table VI. 

Table VI. Potential sockeye egg deposition, estimated number of smolts and 
survival from egg to smolt, Babinelake. 

	

Brood 	Potential 	Year smolts 

	

year 	egg deposition 	migrated  
Estimated 

number smolts 
Survival 

egg to smolt 
(millions) 	 (millions) 	(percent) 

1956 	 523 	 1958 	 22 	 4.2 
1957 	 653 	 1959 	 39 	 5 • 9 
1958 	 1,543 	 ---\1960 	 45 	 2.9 
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The smolt output from the 1958 brood stock was the largest yet estimated 
from the Babine system. Although the output was large, the data indicate that 
the survival from egg to smolt was lower than that resulting from the spawnings 
of 1956 and 1957. 

Growth and age  of return in Skeena socke e 

Skeena sockeye mature mainly as 4- and 5-year-olds. The proportion of 
the stock maturing as either 4es or 5's varies greatly from brood year to brood 
year, creating a major oroblem'in attempts to forecast the likely abundance of 
the run in any one year. Work on other species suggests that in some cases 
age of maturity may be associated with the rate of growth. To investigate this 
possibility for Skeena sockeye, recent data on age of maturity, size and growth 
rates as deduced from scale measurements have been examined. Although these 
studies are in a preliminary stage, two promising leads have appeared. 

(a) Size of " ack" sockeyelrldajaft_oLanura. Although most Skeena sockeye 
mature as 4- and 5-year-olds, some also mature as 3-year-olds or "jacks". The 
latter, which are almost exclusively male fish, are too small to be taken to 
any extent in the Skeena fishery. Since 1946, annual counts and length measure-
ments have been made of jack sockeye entering the Babine Lake system (the main 
Skeena sockeye producing area). The average size of jacks has varied from year 
to year from as low as 36.0 cm to as high as 40.6 am. In Figure 6, the 
Proportions of returning runs that came back as 4-year-olds and 5-year-olds are 
compared with the average size of jacks for brood years since 1943. The results 
indicate that for a given brood year, when jacks were small, the proportion of 
the stock returning as 4-year-olds tended to be small, whereas when jacks were 
large, the stock tended to return predominantly as 4-year-olds. Statistically, 
the correlation  coefficient for this relationship (+0.72) is highly significant. 
Thus it would appear that when growth is relatively good early in the sockeye's 
life, the fish tend to return to spawn at an earlier age than when growth is 
Slow., This relationship offers a means of predicting, a year in advance, the 
likely proportions of the run that will subsequently return as 4's and 5's, 
Thus, from knowledge of the average size of jacks appearing in 1960, it should 
be possible to determine whether the progeny of the 1957 brood will return 
mainly as 4-year-olds in 1961 or as 5-year-olds in 1962. Data for future 
years will permit further assessment of the reliability of this relationship. 

(h) Growth'in fresh water and the age of return.  The foregoing section 
suggests that growth rates early in the life history of the sockeye may have 
important effects on the ultimate age of maturity of the fish. To examine 
whether or not the growth rate during the year spent in fresh water affected 
the subsequent age of maturity, scales of young sockeye smolts emigrating from 
Babine Lake and of adults returning two to three years later to the commercial 
fisherY were examined. 

Among smolts emigrating from Babine Lake, there was a very strong 
relationship between the size of the fish and the number of rings or circuli on 
their scales. As an example of this, Figure 7 shows the relationship between 
circulus counts and body length for smolts leaving Babine Lake in 1956. On the 
scales of returning adults it is possible to recognize the part of the scale laid 
down in fresh water and thus to count the number of fresh—water circuli q.,,nd to 
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determine the approximate size of the fish as it left fresh water two to three 
years before. Examination of scales of 4-year-old and 5-year-old fish 
originating in the brood years from 1952 to 1955 shows that, in most years, 
4-year-olds exhibited much higher circulus counts than did 5-year-olds 
(see Fig. 8). This in turn suggests that in any given year, the small molts 
tended to mature at an older age than did the large ones« For the last brood 
year studied (1955), however, the difference in circulus counts was very small 
suggesting that in this case factors other than freshwater growth were 
exerting important effects on the age of maturity. 

These studiei are continuing and will be extended to examine the 
relative importance  of growth  in  fresh water-and in the sea in determining thl. 
age at which Skeene sockeye mature and  return to spawn.. 

The 1960  Skeeria pink salmon esca ement 

Officers of the Department of Fisheries carry out annual surveys of 
Skeena spawning areas to estimate escapement size. In recent years, where mee 
detailed information is required for management, these surveys have been 
supplemented by ground and air surveys, tagging and recovery procedures, and 
fence counts by Fisheries Research Board personnel. For the most part, this 
additional work has been confined to the relatively large spawning areas and 
escapements. These produce the major portion of the Skeena pink salmon and it 
is in these areas where accurate ettimates of the number of spawners are the 
most difficult to obtain. 

In 1960 the escapement tO the Kispiox River was estimated by e tagging . ; 
and recovery program. Fences Were operated on the Lakelse, Kitwanga, and 
Babine Rivers. The escapements tà other areas were estimated  b the Departmell 
of Fisheries stream surVeyeb The estimated total escapement in 1960 and in ' 
other recent years is given in Table VII. 

Table VII. Estimated escapement of Skeena pink salmon, 1955 to 1960. 

Place 	 1955 	1956 	1957 	1958 	1959 	1960, 

Kispiox River 	540,000 	75,000 	360,000 	66,000 	650,000 	45,0d 
Kitwanga River 	125,000 	35,000 	160,000 	158,000 	250,000 	27,0( 
Lakelse River' 	175,000 	75,000 	140,000 	262,000 	185,000 	122,0( 
Babine  River 	 5,000 	3,000 	27,000 	10,000 	77,000' 	7,0( ,- 
Bear River 	 6,000 	Nil 	15,400 	Nil 	( 	20,000 	Nil 
Skeena River 	10,000 	5,000 	50,000 	50,000 	150,000 	10,0( 
Others 	 119,000 	10,000 	113,000 	10,000 . 	54,000 	51 0É.  

Coastal Rivers 	78,000 	75,000 	105,000 	116,000 . 	95,000 	45,q( 

1 
Total 	 1,058,000 	278,000 	970,000 	672,000 	1,478,000 	261,0( 

Total  upstream 
of test-fishing 
site 	 987,000 	202,000 	868,000 	558,000 	1,383e 000 	2159°1 

1 
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The 1960 escapement was about 2/5 of that in the parent year and was 
comparable in size to the escapement in the cycle year of 1956. The escapementj,  

in 1956 and in 1960 were probably as small as any which have occurred since thà 
beginning of the fishery. In 1960 9  the greatest decrease from the brood year 
occurred on the Lakelse and Kitwanga Rivers and on the main stem of the Skeena, 
River, although in the latter instance estimates of the numbers of spawners  are 

 less firm. The escapements to the Kispiox and &alpine Rivers were about 3/4 of 
those in the 1958 brood year. 

Freshwater survival from the 1959 pink salmon esca ement 

Estimates of the number of spawners and the abundance of resulting 
seaward migrating fry have been obtained from several large spawning area's 
tributary to the Skeena River.each year since 1956. These data provide 
information on survival in fresh water (egg to fry) end, together with informa- . 

 tion on the catch, indicate survival in the sea (seaward migrant to returning 
adult). The purpose of this work is to determine the escapement size requirecL 
to produce the greatest yield to the fishery, and secondly, to develop means of' • 

predicting the likely number of adults returning from escapements and fry  out
-puts  of known abundance, 

Method of estimating fry output.  A standard method of trap-netting for , 
pink fry was developed in 1956 and used from 1956 to 1959 on the Lakelse, 
Kitwanga, and Kispiox Rivers. Nets with openings 2 ft 0  wide and 1 ft. deep 
were operated at the surface of the rivers. Nets were fished at a number of 
stations across each river at frequent intervals during the period of fry 
migration. The average number of pink fry captured per hour during each period 
of operation was used to c1cu1ate indices of the annual fry output from each 
river. 

Experimental trap-netting carried out in 1958 and 1959 indicated that 
the vertical distribution of the migrants at the trapping sites varied from 
river to river depending upon the depth of water. This work also showed that 
the vertical distribution may change diurnally and therefore daytime catches 
were not directly comparable to night-time catches. This new information 
clearly showed that fry catches in the standard net would only provide a very , 
gross indication of changes in fry abundance and that the indices obtained from , 

 one river were not comparable to those obtained on another. 

Because of these shortcomings, the method was revised in 1960 to account 
for changes in the vertical distribution of the migrants and  to provide an 
estimate of the fry output from each river in absolute terms. A vertical 	1 
column of nets, each with an opening 6" x 12u t  was used. This net column was ' 
capable of capturing fry from top to bottom in each river. These traps were 	i 
fished at various stations across each river throughout the fry migration. The l 

total number of fry migrants was calculatea from the averagé catch per hour 	4 , 
t 

and the proportion of the cross sectional area of "the river 'covered' by the 	, 
nets. 	 4 

- 	Egg  • o fry survival, 1959-1960.  Data on the estimated number of parents 
egg deposition, fry output, and survival from egg to fry are given in* Table  iii 



Estimated 
number parents 	egg depoSition 

Estimated 	Survival 
fry output 	egg to fry River 

Estimated 

(millions) (percent) 
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Table VIII. The estimated number of parents, egg deposition, fry  output and . 

survival from egg to fry, 1959-1960. 

Lakelse 
Kispiox 
Kitwanga 

185,000 
650,000 
250,000 

167 	 30 	 18 
585 	 132 	 23 
225 	 ' 	34 	 15 

Comparative data of the survival from other escapements and spawning 
grounds of this size are not available. However, the survivals observed on the 
Skeena tributaries are high compared to averages recorded over a number of 
years at Port  John, B. C., and McClinton Creek, B. C. They are comparable to 
the survival observed in "good" years at the other two locations. 

In 1959 the total pink salmon escapement to the Lakelse, Kitwanga, and 
Kispiox Rivers was  over  one million or about 2/3 of the total escapement to the 
Skeena system, including coastal streams within the Skeena Gill-net Area. 
Conditions for survival in the 3 rivers examined were probably better than those 
on most other streams as the discharge of the Lakelse, Kispiox, and Kitwanga 
Rivers is stabliized to a considerable extent by their relatively large drainage 
systems and lakes near their headwaters. The probable survival from egg to fry 
from other areas must therefore be considered below that recorded on the rivers 
examined. If it is assumed that the survival in the other stream was about 2/3 
that recorded on the three major spawning areas, then the total fry output from 
the Skeena in 1960 would be in the order of 265 million. 

Young sockeye in Babine Lake 

Distribution and abundance throughout the lake system. Because of 
rather limited dispersion from their natal streams, the distribution of young 
sockeye throughout the complex Babine Lake nursery area (Fig. 9) is largely 
governed by the distribution of the parent spawners to the various tributary 
spawning grounds. In this respect, the Babine system can be divided into two 
general regions: (1) the areas north of Halifax Narrows (Nilkitkwa Lake and 
the North Arm of Babine) which serve the young produced by the late-running 
fish which spawn on the outlet Babine River grounds, and (2) the lake areas 
south of Halifax Narrows which accommodate the young from earlier-running fish 
whidh spawn on the grounds tributary to these areas. In the first region there 
is a small lake area  (10% of the total) with a large amount of spawning ground; 
that is, the size of the nursery area is the factor limiting further sockeye 
production. In the second region, the opposite situation prevails--there is an 
extremely large lake nursery area with tributary spawning grounds of limited 
capacity. 

a •  
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Prior to 1955, in all the years for which we have escapement records, 
more than half (and up to 86%) of the Babine sockeye were later-running fish 
which spawned on the outlet spawning grounds. As a result, the majority of 
young sockeye produced in those years utilized the limited lake nursery areas 
north of Halifax Narrows, and the resulting smolts produced in many of these 
years must have been quite small in size. Since 1956, regulation has served 
to achieve a better distribution of spawners by protecting the earlier-running 
fish which spawn south of Halifax Narrows. As shown in Table IX, this policy 
has achieved a better distribution of young sockeye. With this change towards 
greater numbers of young south of Halifax Narrows, their mean growth rate has 
been increased and smolts of greater mean size are being produced. As past 
studies of sockeye have indicated that large smolts enjoy a better rate of ocean 
survival than do small smolts, it is expected that the greater number of large 
smolts produced at Babine will result in a higher overall rate of sockeye 
production. 

In 1960, the estimated total number of young sockeye in the lake system 
(progeny of the 1959 spawning) was comparable to that of 1959 (progeny of 1958 
spawners), Also, the mean size of fish north of Halifax Narrows was slightlY 
larger in 1960 than in 1959. This indicates that the smolt output in 1961 will 
be comparable to the record smolt run of 1960 and that the smolts will be of 
slightly greater mean size. If this proves true, then there will be no evidence 
of any adverse effect of the large 1959 lake population on the second successive 
large lake population of 1960. 

Growth  rat,71_21.xoung_spçkeve  salmon.  During their one year of lake 
residence in the Babine system young sockeye attain most growth in the first few 
months, that is, during the period of summer thermal stratification. For example, 
fish weighing 0.2 grams when entering the lake as fry in mid-June attain 4.5 
grams by mid-Oc.tober, but weigh only about 5.5 grams when emigrating from the 
lake as smolts the following spring. Observations of the growth rate of under-
yearling sockeye, their abundance, and the abundance of their zooplankton food 
in the various lake basins of this system in the years 1956 to 1959 provide a 
basis for comparing mid-June to mid-October growth rates under a wide range of 
conditions. Near-surface water temperatures for this period have been roughly 
comparable throughout, and there are no known genetic differences involved; thus, 
growth rate is believed to have been largely determined by intraspecific compe-
tition and food abundance. The results strongly support this belief. 

Using logarithmic scales throughout, Figure 10 presents graphically the 
relationship of growth rate to food abundance and intraspecific competition. 
Figure 10a implies a general direct relationship between growth rate and zoo-
plankton abundance over the range shown, Figure 10b shows the growth rate is 
increasingly depressed by intraspecific competition after population densities 
exceed approximately 7,000 fish per hectare (3,000 per acre). 

At a glance it appears that there is a simple explanation of the relation-
ship between growth rate, competition and food abundance, i.e. that with an 
increasing number of young sockeye present an increasing reduction of the food 
supply is brought about resulting in an increasing reduction of the growth rate. 
Although cropping of the zooplankton by large populations of young sockeye is 
obvious in much of these data, critical examination (beyond the scope of this 
brief report) does not verify such a simple explanation of growth-competition-
food relations based on food abundance alone. Detailed examination suggests 
there is an effect of competition on growth rate which is expressed independently 
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Table IX. Distribution and size of young sockeye in the Babine Lake system. 

Number of adult 	Estimated number 	Approximate mean 

Lake Re  ion 	sockeye spawning 	of age-0 sockeye 	weight of age-0 
excluding "jacks" 	in late August 	sockeye in mid-Oct. 

(thousands) 	(millions) 	(grams) 

1954 	 1955b  

North of Halifax Narrows 	256.3 	 38.2 to 52.9 	 1.5 
South of Halifax Narrows 	185.6 	 7.1 to 19.3 	 4.0+ 

Total 	 441.9 	 45.3 to 72.2 

1955 	 1956 

North of Halifax Narrows 	19.2 	 2.0 	 3.8 
South of Halifax Narrows 	27.8 	 3.1 + (7.4) a 	 4.0+ 

Total 	 47.0 	 5.1 + (7.4) a  
----- 

1956 	 1957 

North of Halifax Narrows 	119.5 	 26.5 	 3.3 
South of Halifax Narrows 	148.9 	 34.8 + (22.3) a 	4.0+ 

Total 	 268.4 	 61.3 + (22 0
3)a  

1957 	 1958 

North of Halifax Narrows 	188.2 	 45.0 	 2.4 
South of Halifax Narrows 	202.8 	46.5 + (20.0)a 	4.0+ 

Total 	 391.0 	 91.5 + (20.0)a  

1958 	 1959 

North of Halifax Narrows 	270.0+ 	66.0 	 2.7 
South of Halifax Narrows 	290.0+ 	85.1 + (20.0)a 	4.0+ 

Total 	560.0+ 	151.1 + (20 • 0) a  

1959 	 1960 

North of Halifax Narrows 	290.0+ 	62.0 	 3.0 
South crf Halifax Narrows 	300.0+  	86.0+.  (20.0) 	 4.0+  

Total 	 590.0+ 	148.0 t (20.0)a 	-K- 

a
Additional millions of age-0 sockeye believed progeny of "kokanee". 

1955 data from very limited sampling, so estimates only roughly 
,approximate - probably much too low. 
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Fig. 10. Density and size of young sockeye in the Babine Lake system. 
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of absolute food abundance. In spite of the complexities of the mechanisms 
involved, the rather well-defined relation between growth rate and population 
density as shown by the solid line in Figure 10b can serve to evaluate the 
potentials of this lake nursery area. 

Capacity of the Babine system as a sockeye producer.  The curve in 
Figure 10b demonstrates the growth rate of young sockeye which may be expected 
at various levels of population density. In an earlier study at Cultus Lake, 
Foerster has shown that there is a direct relationship between smolt size and 
subsequent survival rate to maturity. Evidence that this relationship might 
hold generally is available from recent research on sockeye in Alaska. Com-
bining the curve of Figure 10b and Foerster's relationship between smolt size 
and survival rate, Figure 11 describes the relationship between lake population 
density per unit area and the likely numbers of returning adults per unit area. 
No units are given for the likely number of returning adults as we cannot 
reasonably apply the same survival rates found by Foerster for Cultus Lake 
sockeye. However, for consideration of this general relationship we need only 
assume that there is a direct relation between smolt size and survival. 

The relationship shown by Figure 11 follows the law of diminishing 
returns. With the progressive addition of more units of production (young 
sockeye) there is an increase in total production (returning adults) up to a 
point where the addition of further units of production results in a decrease 
in total production. The critical point (where production is at a maximum) 
corresponds to a late-Augutt lake population of approximately 10,000 young 
sockeye per hectare (4,050 per acre). At this population density young sockeye 
would attain a size of about 2.5 grams by mid-October and emigrate as smolts of 
about 3 grams mean weight. For such optimum or maximum  production,  then, the 
Babine Lake system would require an evenly distributed late-August young 
sockeye population of 4,050 per acre or a total of the order of 500,000,000 - 
which would give a smolt output of roughly 200,000,000. 

This estimation of the maximum potential is based only  on the potential 
of the lake nursery area for rearing of smolts. In the Babine system there are 
insufficient spawning grounds to produce naturally the numbers of fry required, 
and achievement of such a maximum production would of course require large- 
scale fish culture techniques as yet unproven. - 

In considering,the practicable potential of this sockeye-producing 
area, we must again make the broad separation into those regions located north 
and south of Halifax Narrows. 

The region north of Halifax Narrows is characterized by having  large-
capacity spawning grounds (the Babinelliver above and below Nilkitkwa Lake) in H 
relation to the lake  nursery  area available. With thiesituation the ultimate 
potential of the lake area can be realized and the problem becoMes one of 
providing an escapement of the proper size to these outlet spawning grounds. 	'E 

- EscapeMenta of thé order of 250,000 to 300,0,00, as provided in 1958 and 1959; 
appear to be of the proper magnitude. 

The region south of Halifax Narrows is characterized by the :opposite 
situation. An extremeirlarge lake nursery area is available in proportion 
the capacity of the tributary spawning  grounds. The problem of attaining the i 
highest natural production of Sockeye from this region it then one of providingl 
eécapéments which will make fullest possible use of the available spawning 
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grounds. Such has been the aim of recent regulations and the large escapements 
of 1958 and 1959 have approximated this ideal. 

Depth distribution of sockeye  and other lake  fishes 

An attempt to study the vertical distribution and diurnal vertical 
migrations of fish in Babine Lake was made during the 1960 season using special 
monofilament gill-nets. It was hoped that these nets would fish efficiently 
during daylight hours as well as at night and thus serve as a means of better 
interpretation of echo-sounding records. Unfortunately, this did not prove to 
be the case in the rather clear waters of Babine Lake: catches were very sma11, 1 

 especially during daylight hours, and of course there is the chronic enigma of 
how to interpret negative results, prevalent in any passive fishing method such 
as gill-netting. Also, there were problems involved in the handling of large, 
deep gill-nets by hand from small boats, especially in sets at great depths and 
in cases where nets were tended frequently during a 24-hour period. Nevertheles 
these gill-net catches, together with results of gill-net fishing carried on in 
the previous two years, do seem to indicate some probable features of fish 
distribution and diurnal movement vertically in the light of what is seen with 
echo-sounding gear. 

The following applies to the period of summer thermal stratification of 
the lake: 

Sockeye fingerlings. Sea-scanar studies have shown that during daylight 
hours, sockeye fingerlings appear to be distributed throughout the 0-20 foot 
depth range but with greatest concentration centering about a depth of about 10 
feet. In the evening twilight there is a mass movement toward thesurface with 
a maximum near-surface concentration occurring in the early moments of darkness. 
After dark a dispersion over a greater depth range occurs - possibly a slow 
settling proceeds through the night. Soon after dawn the typical daylight 
distribution is again assumed. The smallest meshed gill-nets were received too 
late in the season to permit a full testing. However, the few sets made in late 
October did not contradict the findings; fingerlings were taken only at night 
and nearly all at depths less than 25 feet. 

Kokanee  (of age group II and older) were taken Aadily in all parts of 
the Babine system in offshore, near surface sets. Daytime catches were mainly 
in the depth range 0-30 feet, with highest catches in the 10-15 foot interval. 
Night catches were spread over a greater depth range (0-60 feet) but highest 
catches were very near surface (0-10 feet). This suggests the7-probability of 
a vertical distribution and diurnal vertical migration pattern similar to that 
of the closely related sockeye fingerlings. 

Rainbow trout rarely have been caught at depths greater than 30 feet. 
Most were taken in the 0-15 foot interVal. This is true for both day and night 
catches. 

Lake trout  (char) have been taken at various depths down to 170 feet. 
Da ytime catches have all been from depths greater than 50 feet. Overnight sets 
have taken considerable numbers at shallower depths, especially in the range 
10-50 feet. 
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4inq  were taken primarily at depths greater than 70 feet and as deep as 
180 feet. Only 3 specimens were taken in shallower sets (in the 50-70 foot 
range), 

Whitefish.  The few taken in daylight sets were from  the 0-100  foot 
depth range. Thote taken in OVernight sets were nearly a11, in the 0-50 foot  
range. • 

Eeâils141L.esualejmulh, were taken only in overnight sets and nearly 
always at depths less than.30 feet. These two species were taken-most commonly 
in the shallower regions Of the lake system (Nilkitkwa Lake, North Arm, Morrison 
Arm and Hagan Arm) and only raralY in offshore sets in the main basins of Babine. 
Largest catches were associated with areas of shallow.mean depth or with Inshore 
areas. 

Serum proteins  of kokanee and anadromous soCke e 

Mr. Ian Carlson, graduate student at  the University of British Columbia, 
has  carried out a program Of study of the bleed serum proteins of Babine sockeye 
and kokanee using electrophipretic  techniques. He has eValuated thé specifitity 
Of protein constittients of the blood of both anadromeas sotkeye from various 
Babine spammihig grounds and kokanee from variOus spawning grounds and various 
parts of the lake. Results are now in preparation for presentation. 

Nanika River Sockeye Rehabilitation Program  

During 1960' the Fish  Culture  Development Branch of the Department of 
Fisheries initiated a rehabilitation prOject for the Nanika River, as part of 
the overall Skeena  Salmon  Management Committee program. 

The Nanika River Sockeye escapement had been estimated by the 1944-48. 
Skéepa River Salmon Investigation at approXimately  10% of  the total Skeena 
River eotkeye escapement. Estimates of escapement to the Nanika spawning 
grounds, available since 1945, show that from 1945 to 1953 the annual  escape - 
ment  'ranged between 24,000 and 70 1000. Beginning in 1954, however, and 
extending oVer the next - four years and thereby covering an entire cycle, the 
sPawning population  demonstrated a drastic decline. During this period, the 
etcapement level dropped to between 1,000 and 6,000 adults. 

This decline occurred ln'spite of the tOnstructiOn in 1951 of fish-
ways at Moricetown Falls, considered at the time to be the major obstruction to 
'salmon  migration on the Bulkley River. 

In 1954 the Fish  Culture  Development' Branth attested by tagging, the . 
degree of obstruction poted by a rock slide in Hagelget Canyoni situated 40 . 
.Miles downstream from MoricetOwn Falls.. The tagging inditated.a further eérioUs 
obetruotio at this peint and subsequent to this, in the spring of 19591  thit 
Obstruction was removed, and the migration  route  to the , Nanika RiVer thexeby 
Cleared of all major obstacles.' 



--36 

Reason for decline of stock  

There is no singularly obviouS factor which has cauSed this drastic 
crash in population level. Exploitation by the fishery did not increase-to such 
an extent; the obstruction at HagWilget had existed for over half a century; 
Moricetown Falls no longer pOsed a serioué obstrUction to migration, and there 
was  no apparent factor  operating adversely on the spawning areas. 

A close examination of escapement and of the Indian fishery catches at 
Hagwilget  Canyon and Moricetown, however, indicates that cOnditioneat Hagwilget 
almost certainly worsened during retent years. .1 .rié.Mh954 to 1958, the catches 
at Hagelget exceeded 35X;of the escapement.  The fact that this fishery was abbi . 

 "tO take so high a percentage of the escapement Indicated there, was a "block" to 
migration at this point. The results of the 1954 tagging program Corroberated 
this evidence by showing that there was a serious delay to the-migration of 
salmon at the canyon. 

Choice of technique 

In order to rehabilitate this Stock, artifidial  propagation.  is necessary 
The migration of the stack.thrOugh the Skeena River fishery coincides closely 
with that of the early and middle Babine tuns so that differential protection by 
regulating the catch would not be practical. 	, 

For this situation, a hatchery was chosen as the best •eans for 
artificial propagation. In this instance, the plan is not to,maintain: a perManet 
installation, but to rehabilitate the. stock to its former level and depend upon 
natural propagation to maintain it. Recent developments with Vertical stack 
trays in Washington State hatcheries* and the successof techniquês for releasin 
fry in a natural manner from the Fisheries Research Board eXperimental hatchery 
at Kleanza Creek indicated that a hatchery utilizing both vertical stack trays 
and a natural fry release technique would be the most suitable arrangement. 

Description of the Nanika Hatchery 	 • 
• 

The building itself is a combined hatthery-reSidence measuring 20 x 56 
feet* of which the hatchery comprises 20 x 24 feet. The hatchery is designed to 
accommodate 50 stacks of 20 traya each. The capacity of the pretent trays is : 
being establithed noW, but it is known to be in excess of 10,000 eggs. The 
incubation capacity of the hatchery is, therefore, in exceas of 10 million eggt* 
This number approximates the egg depositiOn of 3,000 females-end  on  a 50,50 teX 
ratio, the spawning escapement of 6,000 adult salmon. Further te this, the 
ekpected survival to fry at the hatchery cOuld be several times that of natural 
survival, so that in terms of fry productioh the installattd, when operated at 
full capacity,- wobld be  the probable  equivalent of an adult escapement-Of bet» 
15,000 and 30,000. 

Details of operation  

This season a pilot operation was implemented to test equipment and 
assess weather, transportation,, communication and supply as operational factors* 
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A total of 250,000 eggs was collected for incubation in the hatchery and the 
fry will be released in the spring of 1961. 

The donor stream for the rehabilitation program is 154111e-Creek--(Pinkut 
Creek) on Sabine Lake, chosen  on the basis of migration distancee -geographical 
location, timing of spawning, and availability. 

A simple screened intake and gas-driVen pumps have been-usedto-supply 
water to a 10,000-gallon tank on a tewer. A diesel  electric plant-ell-be 
installed next year and electric pumps used. Under full operation,,pumping-will 
be continuous to supply sufficient water, although there Would .be• a one-41our 
water supply as a safety factor. For additional safety, a standby diesel 
electric unit and electric pump will be Installed. 

Water  use is  quite economical; the requireMent per staek  of 20.trays is 
 calculated at 2-3 gpm. From the water tower tank, water Is simeylpiped.through 

a network of pipes above the stacks of trays, where  the flow is,controlled-by 
Shut-off valves set at each junction. All pipes in the system are -plastic and 
all outdoor or expoSed pipes are insulated and enclosed in a woeden trough. 

res du$ng  19:60  

So  far e  no unexpected operational problems have arisene .and the informa-
tion obtained on operation has been important. During the coming-yeare.a second 
building with storage, workshop and additional aceommodatien space will be 
constructed. 

The 1960 program is based on increasing the incubation.capacity of the 
hatchery to approximately 5 million. 




