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FIGUU: I. Map of the Canadian Pacific coast and the Province of British Columbia. showing 
important coastal areas. river s}'stems and the following points of particular sig
nificance referred to in the text: 
(I) Strait of Juan de Fuca. (2) Alberni Canal. (5) Cowichan River. (4) Nanaimo. 
(5) Nile Creek. (6) Morrison Creek, (7) Johnstone Strait. (S) Strait of Georgia. 
(9) Vancouver. (10) Cultus Lake, (11) Smith Inlet. (12) Rivers Inlet. (15) Port John. 
(14) Prince · Rupert. (15) Massett Inlet, (16) McClinton Creek. (17) Lakelse Lake. 
(IS) Moricetown Falls, (19) Babine Lake. 
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THE PACIFIC SALMON (GENUS Oncorhynchus) OF THE CANADIAN 
PACIFIC COAST, WITH PARTICULAR REFERENCE TO THEIR 

OCCURRENCE IN OR NEAR FRESH WATER 

by R. E. FOERSTER 

Pacific Biological Station, Nanaimo, B. C. 

Apart from a system of exchange or barter, among the aboriginal Indian 
tribes, of salmon-either fresh, dried or smoked-for other commodities, the 
first commercial fishing operations in British Columbia date from as early as 
1829 when the Hudson's Bay Company' purchased supplies of salmon from 
Fraser River Indians for pickling in barrels. A relatively small trade of this 
kind continued for many years. In 1870 the first salmon cannery was established 
on the Fraser River and from that date on the commercial exploitation of 
British Columbia salmon rapidly increased. Sockeye salmon (0. nerka) was the 
first species utilized but as markets developed other species became commercially 
important and were abundantly utilized. 

Salmon Fishery 

(a) Methods 

At the present time salmon fishing is conducted in the estuaries of all the 
main rivers, and along the whole B.C. coast and the catch amounts to around 
22 million doUars (market value around 18 million). Various methods of fishing 
are employed: giIl-netting and seining, particularly for sockeye (0. nerka), 
pinks (0. gorbuscha), and chums (0. heta); gill-netting and trolling for spring 
(0. tslzawytsclul), and coho (0. kisutclz). Traps are operated only at the south 
end of Vancouver Island and take all species. Spring and coho salmon and 
some pinks are also taken by anglers in inshore protected waters. 

(b) Fishing Areas 

Gill-netting and seining are undertaken principally in the inshore coastal 
channels and inlets and in the river estuaries where the fish, on spawning 
migration, tend to be congregated in relatively large numbers. Trolling, 
however, is conducted in both inshore and offshore waters, as far out as 25 miles 
or so. No attempt has been made to explore the fishing possibilities further to 
sea since the salmon must come into inshore areas to reach the spawning streams. 
The further offshore the fishery proceeds the higher the cost of operation. 

(c) Trends in the Populations ' 

For those species caught principally by net fishing-sockeye, pink and chum 
salmon--a simple comparison of the annual catches, expressed as cases· of 
salmon packed, gives as reasonably reliable a general understanding of the 
population trends as can be obtained. Such a comparison takes no account 
of changes in the fishery due to -economic factors prevailing in certain years; 

• A case of salmo~ consist. of ~8 one pound or 96 half pound can. and i. equivalent, approximately, to 
70 pound. of salmon, round weight. 
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it takes no account of the size of the other portion of the population, the 
spawning escapement. These are not deemed to affect appreciably the general 
overall picture, since (a) drastic economic conditions occur only in occasional 
years, and (b) the size of the spawning escapement appears to be generally 
proportional to the ' size of the catch. (In any event, no accurate long-term 
measure of the escapement is available.) 

Sockeye Salmon. For sockeye salmon in three of the major river systems 
of British Columbia the annual commercial packs (cases of canned salmon) 
from 1917 to 1952 are graphed in the accompanying Figure 1. A line representing 
a moving average of 5 is added in each graph to illustrate the general trend. 

'37 Year 

Nass River 

Skeena River 

FIGURE 2. Annual pack of sockeye salmon for Rivers Inlet. i\'ass River and Skeen a River. 
1917·1952. Broken trend line is represented by a moving a\erage of each 5 years. 
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For the Skeen a River a decrease in the pack has occurred, if the statistics 
for early years are comparable with those of recent seasons. A break·down into 
periods shows the change in average pack per period as: 1917·1922: 100,365 cases; 
1923·1932: 91,850 cases; 1933-1942: 61,079 cases; 1943-1952: 67,736 cases. There 
appears to be an increase in the trend for the Skeena in the last decade, 
perhaps partially the result of moving the upper fishing boundaries downriver 
some 7 miles in 1935. Although this tended to concentrate the fishing more 
in the lower river and cause more boats to fish off the mouth. 

For the Nass River, the trend of the packs has been slightly downward 
(1917·1922: 21,491 cases; 1923-1932: 17,742 cases; 1933·1942: 21,042 cases; 1943· 
1952: 16,331 cases) although substantial increases are noted in the last three 
seasons, with escapements reported as quite satisfactory. 

For Rivers Inlet, notwithstanding a period (1936-1946) of relatively low 
catches, the trend has been comparatively stable since 1927, viz. 1917·1922: 
79,822 cases per year; 1923·1932: 88,730 cases; 1933·1942: 80,478 cases; 1943-1952: 
79,432 cases. Spawning ground reports indicate heavy spawning escapements in 
the last three seasons. 

For the sockeye sillmon fishery, therefore, in the three areas referred to, 
the situation appears to be reasonably promising. Future trends will be closely 
followed. If indications are found that spawning escapements can be reduced 
and yet provide sufficient seeding, this can be quickly brought about by relaxing 
some of the present fishing restrictions. 

In the above discussion of sockeye salmon no reference has been made to 
the Fraser River sockeye salmon fishery, one which, prior to 1913, was of major 
importance to British Columbia, particularly in every fourth year, 1901, 1905, 
1909. 1913, when the "big year" run occurred. A rock slide in the river at 
Hell's Gate (195, pp. 17-42) in 1913, which severely blocked the ascent of the 
salmon of that season, and subsequent heavy fishing in 1917 reduced the "big" 
year to the level, approximately, of the other three years of the four year cycle 
of Fraser River sockeye. For the up-river nursery lake areas in which the 
dominant runs were bred the ratio of dominant to "off" years dropped from 
an average of 130:1 or more (210) to around 1.4:1 until 1930 when a new 
dominant run in one area, Shuswap Lake, developed, increasing about 500-fold 
between 1922 and 1942 (210). 

Because the Fraser River sockeye runs, during migration from ocean to 
river, were exploited by both United States and Canadian fishermen rehabilita
tion and management were not undertaken until 1937 when, by treaty between 
Canada and the United States, the International Pacific Salmon Fisheries 
Commission was established. Thereby regulations applying to fishermen of 
both nations could be enacted and conservation projects jointly financed. 
Statistics pertaining to the fishery from 1938 on are contained in the, Annual 
Reports of the International Pacific Salmon Fisheri,es Commission, New 
Westminster, B.C. Summarizations are included in the Annual Reports of the 
Provincial Fisheries Department, Victoria, B.C. Data for years prior to 1938 
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are given in the latter as well as in the Annual Reports of the Federal Depart
. ment of Fisher.ies, Ottawa, Canada, for all years. 

Pink and Chum Salmon. In Figure 2 are graphed the total pink and chum 
salmon canned packs for the whole of the B.C. coast from 1919-1952, with again 
a moving average of 5 to indicate the trends. For pink salmon the pack trend 
has been fairly uniform although as reported by Hoar (107) "some concern 
should be shown for the declining pink (and chum) catches in northern rivers
N ass and Skeena. The analysis suggests that either the environmental con
ditions are becoming progressively less favourable or the fishing pressure is too 
great." 

.. 
't:I 
41 

11 as 
P-

c 
] 
~po 

.... 
o 
CD 
Q) 
CD 
as 
o 

Chum Salmon 

Pink salmon 

FICURE !l. Annual pack of pink and chum salmon for the whole British Columbia coast. 
1919-1952. The trend line (broken line) is shown as a moving average of each 
5 year period. 

For chum salmon it is recognized that the canned pack records are not 
too representative of chum salmon populations or catch in recent years since 
an increasing quantity of the species is used in the frozen and dry-salted salmon 
trade. Hoar (107) reports that "a real scarcity of chums was experienced in the 
early '40's and it seems highly probable that the stocks were low in the early 
'20's and '30's ... The extreme variability of chum catches is emphasized ... " 
As noted above, . Hoar stresses the significance of declining catches of chums in 
northern areas. He also recommends a search for means to eliminate the 
extreme variability demonstrated in chum catches. 
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Coho Salmon 
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Spring Salmon 

O~--~~~~~--~~~~--~'9~~~--~--~--~~~--~ 
FIGURE 4, Landings of coho (0. kisutch) and spring (0, tshawytscha) salmon in British 

Columbia waters, 1945 to 1951. Landings not segregated by species prior to 1945. 
Poundage represents mixed "dressed" and "round" weights, 

Spring and Coho Salmon. The trends of the catches of these two species 
are show in Figure 3, from 1945 to 1953. Prior to 1945 some of the landings 
were not segregated as to species. For spring salmon the total landings have 
been relatively uniform each year, the average catch, 1951·1953, amounting 
to appro~imately 14,000,000 pounds, of which 70 per cent was taken by troll, 
25 per cent by gill-net, 3 per cent by seine and 2 per cent by the Sooke traps. 
For coho, the landings fluctuated greatly in certain years, 1945 and 1951, rising to 
over 30 million pounds. The average catch, 1951-1953, amounted to 24,000,000 
pounds, of which 70 per cent was taken by the troll fishery, 16 per cent by 
gill-net, 13 per cent by seine and 1 per cent by trap. It is estimated that about 
2,000 trollers operated around 1,500 boats for a total of approximately 125,000 
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fishing days per year. In addition to the commercial fishing, probably 10,000 
anglers were active in sport fishing for spring and coho salmon, catching 
probably a total of 1 to 2 million pounds of both species. 

Fishery Regulations 

The main purpose of existing fishery regulations for salmon is to so control 
the periods of fishing that as the salmon appear in the. fishing areas each season 
sufficient will be allowed to pass through unmolested to provide an adequate 
seeding of the spawning grounds. This is achieved mainly by setting seasonal 
opening and closing dates for the fishery and by instituting weekly closed 
periods (48 hours or longer) to permit segments of the run to escape during 
the migration period. The setting of an opening date has little significance 
from the conservation point of view; it serves essentially as a convenient time 
when fishing in the various districts may commence. The closing date assures 
that salmon in an advancing state of maturity will not be taken; it does tend 
to protect late-running fish. 'Veekly closed periods ensure that throughout 
the fishing season regular escapement of salmon occurs. The basic closed period 
is 48 hours but a formula has been devised (Special Regulatory Measures
Salmon Net Fishing-Fisheries District No.2, B.C. of March 18, 1949) whereby 
if the gear in use in certain areas exceeds a stated amount the weekly closure 
is increased. The intent is to have the weekly closed periods conform, in ratio, 
to the amount of gear in operation. In addition the Department of Fisheries 
has authority to place extra closures or restriction on fishing in any area or at 
any time when it is indicated or seems apparent that spawning escapements 
are too light, i.e. that exploitation is too severe. 

There are other regulations which have to do with: 

(a) stipulating the minimum sizes of mesh to be used in certain areas or at 
certain periods, 

(b) specifying the maximum length and depth of nets, 
(c) prohibiting the-use of fishing gear in specified waters, particularly in 

the vicinity of stream mouths, etc., 
(d) limiting the use of certain types of gear, principally seines, in particular 

areas to specifie~ periods of the season, 
(e) prohibiting the capture or molestation of salmon during migration to 

the spawning grounds, except that at specific tribal fishing sites native 
Indians are granted permits to take salmon, for food purposes only, by 
recognized fishing methods. 

Fish Protection 

All salmon areas of the Province, both coastal and interior, are divided 
up into administrative districts in each of which one or more Fishery Inspectors 
keep a close check on river and stream conditions throughout the year and, 
in particular, make observations on the migration and spawning of the salmon. 
Any obstructions or hazards to upstream migration are removed where feasible 
or reported for expert attention, fishing by Indians is supervised, poaching 
is closely watched for, evidences of pollution are looked for and reported. 
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In short, every effort is made to assure, for the salmon which constitute the 
spawning escapement, as satisfactory conditions for deposition of eggs as can 
be arranged. Particularly where logging operations are being conducted the 
Inspectors endeavour to ensure that there will be no obstruction to salmon 
migration or damage to spawning areas by formation of log jams, dumping of 
debris in the streams, etc.; where portable sawmills are operated steps are 
taken to ensure that piling of sawdust in areas adjacent to streams can ha\'e 
no deleterious effect on, the survival of eggs or fry. 

In addition the Inspectors make annual estimations of the size of the 
spawning salmon run to each stream in their area and general observations 
on the probable success of spawning. As many observations as possible are also 
made of fry hatch and downstream movement of fry or fingerlings. These 
records are of use in setting up rough prediction indices of the probable size 
of the returning cycle runs of each species. It might be added that these 
ma~y and varied observations contained in the files of the Department are 
of great value to current scientific studies and will increase in significance as 
the Inspectors gain more experience in their respective areas. 

Salmon Research 

Apart from a few studies conducted by C. McLean Fraser (100-103) and a 
series of reports on the sockeye runs to major B.C. rivers, begun by Gilbert in 
1913 (105) it may be said that fisheries research in B.C. began in 1924 when 
a full-time Director and a small staff of biologists were appointed to the Pacific 
Biological Station at Departure Bay, Nanaimo, B.C. Researches were commenced 
on salmon migration and on sockeye salmon propagation. As the commercial 
fishery expanded and its intensity increased greater concern was felt for the 
maintenance of the stocks. Information was desired as to whether prevailing 
regulations were adequately r,neeting the needs of optimum utilization of the 
natural resource. Where declines in catches had occurred it was desired to 
know whether these were the result of over-fishing or a decrease in' natural 
production in the lakes and streams. It was felt that where feasible some effort 
should be made to reduce the large fluctuations occurring from year to year 
in the populations of salmon or at least to ascertain the causative factors. 
Moreover it was recognized that if more accurate measures of prediction or 
forecast of the sizes of runs returning from the ocean could be devised, such 
would be exceedingly useful. Research was therefore extended to assess the 
factors affecting and limiting natural production. This involved also a closer 
examination of the life-history of the fish and the relation of environment to 
their well-being. 

Research on salmon, more particularly that of a fundamental nature, has 
advanced appreciably in the intervening thirty years and in the appendices 
which follow the information obtained is briefly outlined, together with such 
plans as can be given of proposed research. Some of the studies apply to 
specific species. They are dealt with in Appendices I-IV .. Others, Appendices 
V-VIII, are of a more general nature and may have application to several or 
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all species. In Appendix VIII is given a statement of the proposed salmon 
research programs required to answer current problems. As complete a 
bibliography as possible has been prepared (Appendix IX) of Canadian Pacific 
salmon research and where the brief summaries do not provide sufficient data 
for the reader, reference is made to the literature where further information 
may be obtained. 

Some unpublished material has been taken from the Summary Reports 
of the Pacific Biological Station which are prepared each year as Appendices 
to the Annual Report of the Director of the Station. The Summary Reports 
consist of brief statements of research conducted and results obtained during 
the year by the Station's scientists. The information is considered to be of 
a confidential nature and not for publication, but for the purposes of this 
review the compiler has felt it permissible to utilile whatever material is 
required to give a good general picture of the projects investigated and the 
results obtained. 
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APPENDIX I 

Research on Sockeye Salmon (Oncorhynchus nerka) 

L INFORMATION FOR REGULATION 

A. Studies of migration in coastal waters and river estuaries by tagging 
and marking. 

In tagging experiments adult salmon are caught at selected fishing 
locations, and numbered tags affixed. The distribution along the coast and to 
coastal rivers is revealed by the recovery of tagged individuals. In marking 
experiments, on the other hand, young salmon are captured in selected streams, 
distinctively marked by removal of certain fins, and released to proceed seaward; 
recoveries of marked adults throughout the fishing areas demonstrate the ocean 
distribution. The two methods are, therefore, essentially complementary, 
tagging showing the general source of the populations of salmon that pass 
through specific fishing areas, marking revealing the coastal distribution of 
fish from a known area of origin. 

Coastal tagging programs have been few in number and confined to inshore 
coastal areas, largely due to the inability to obtain fish for tagging in sufficient 
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quantity in more offshore regions. Taggings were made in the south, Strait of 
Juan de Fuca (143), in the north off the Nass River (224,225) and in a coastal 
channel, Johnstone Strait (224,225). Recoveries were obtained from adjacent 
rivers and inten·ening fishing areas and varied from 20 per cent to 27 per cent 
of tags used. Migratory paths were indicated and speed of migration revealed
IO miles per day in the south, a rate of 4 miles per hour (four specimens) and 
95 miles in 24 hours (3 specimens) in the north. 

The Strait of Juan de Fuca tagging (143) produced a few (fifty) recoveries 
in the Fraser River system. The quite fragmentary data suggest that sockeye 
going furthest upriver run earlier and that the bulk of the fish going to upriver 
spawning areas are to be found in the fishing areas at the height of the fishing 
season. 

In the course of the Johnstone Strait tagging operations (224), experiments 
were undertaken (44) to determine the relation of the olfactory sense to 
migration. A total o~ 259 sockeye were released after the olfactory nerves had 
been severed, along with 254 normal fish. Of the latter, 65 were recovered; 
of the former, 42. The results were inconclusive but suggested that "the 
elimination of olfactory sensibility appears definitely to interfere to some extent 
with the migration." 

Tagging experiments in river estuaries have been conducted chiefly in the 
Skeena River (6, 122, 175, 179, ISO, IS4). One preliminary tagging was under
taken on the Fraser River (II) in 1930 which indicated that sockeye make the 
transfer from salt to fresh water in a gradual and rather leisurely manner and 
that once in the river proper their upstream migration speed (5 specimens) is 
approximately 4 miles per day. The Skeen a River taggings, conducted for 5 
seasons, revealed that: 

(a) the fishery removed an average of 27.4 per cent of total tagged fish 
used (6). Allowing for loss of tags, tagging mortality, etc., it is suggested 
that around 50 per cent of the sockeye population is taken by the fishing 
fleet. 

(b) the upriver Indian fishery removed 9.2 per cent of the total tagged fish . 
(c) about 50 days are required to reach remote Rabine Lake spawning 

streams. 
(d) upstream movement takes place at approximately II miles per day. 
(e) certain lower Skeena spawning areas have early sockeye runs. 
(f) there was no indication of furthermost sockeye races entering the river 

and the fishing areas earlier. 
(g) since about five days are required for the sockeye to move from the 

river mouth to above the upriver fishing boundary, the 4S-hour weekly 
closure is of limited value. 

Marking experiments have been conducted on the Fraser River (72), on 
the Skeena (4) and at a central coastal area, Port John. The recoveries of 
marked adults have shown the migratory paths through the fishing areas, the 
time of occurrence of the runs, the extent of commercial exploitation-50 per 
cent to 75 per cent-and the percentage return-IO per cent in one series of 
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experiments (72), 3.1 per cent at Port John but with no correction for differential 
mortality or for removal by the fishery. 

B. Sampling of catch to determine population characteristics. 

In order to trace the changes, season by season, in the lengths and weights 
of sockeye caught, the age classes involved and the sex ratios, a long series 
of sampling has been conducted (2, 40, 42, 99, 105) in four of the more 
important sockeye salmon fishing areas of the B.C. coast, namely, the Fraser, 
Skeen a, and N ass Rivers, and at Rivers Inlet. In 1938 the Fraser River sampling 
was dropped from the program (but carried on by the International Pacific 
Salmon Fisheries Commission) and a smaller but important fishing area in 
Smith Inlet added (215). For the Fraser River sockeye runs, samples were taken 
at the Sooke traps, therefore considered to be a sample unselected as to size 
or sex by type of gear, though it is now recognized that other populations of 
sockeye, not bound for the Fraser River, may have been involved to a minor 
extent, such as sockeye from west coast of Vancouver Island streams or streams 
in the State of "Vashington emptying into Puget Sound. In all other areas the 
samples were taken from the gill·net fishery and therefore were probably 
selective as to size, sex and age. The samples are, consequently, essentially 
samples of the commercial catch and not necessarily of the populations of 
sockeye in the areas and moving upriver. 

A study of the samplings early showed (105) distinct age groupings for 
the various river systems. For example, the Fraser 'River sockeye consisted 
predominantly of 4-year fish, first year only spent in fresh water; 5-year fish, 
one year in fresh water, varied from 7.5 to 25 per cent but 5-year. two years in 
fresh water, were few-I to 9 per cent. The Skeena River and Rivers Inlet 
samples were composed largely, however, of 4- and 5-year, one year in fresh 
water, types, the two age groups varying exceedingly from season to season. 
The Nass River samples, on the other hand, contained mostly 5-year, two years 
in fresh water, individuals (63 per cent) with 4-year, one year in lake, fish 
making up 18 per cent, 5-year, one year in lake, 12 per cent, and 6.year, two 
years in lake, 7 per cent. Smith Inlet samples resembled those of the adjacent 
Rivers Inlet area. 

Although each season's length frequencies covered a wide range, e.g. 18 to 

29 inches, the averages per age·group did not vary greatly, e.g. I to 1.5 inches. 
The average (40-1938) may be shown as: 

River Sys.t em Period 
42 

Male Female 
5., 53 -

Male - Female Male Female 

Fraser ................. .......... . 1920-36 23.7 22.9 25.5 24.4 23.8 23.0 
Rivers Inlet .... ....... ..... 1912-36 22.5 22.4 25.4 24.7 
Skeena .. ..... .... .. ........... .. 1912-36 23.7 23.1 25.7 24.8 24.1 23.3 
Nass ...... .... ...... ............ .. 1912-36 24.5 23.7 26.2 25.2 26.2 25.3 

Average weights varied similarly. 
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Sex ratios were also determined, varying considerably from year to year 
and according to age group, as follows: 

42 52 53 
R iver S)lstem Period A1ale Female Male Female Male Female 

Fraser ............... ...... . 1915-37 49 51 53 47 46 54 
Rivers Inlet ........... . 1915-37 63 37 35 65 
Skeena ............ ...... .. 1915-37 50 50 43 57 
Nass ..................... ... 1915-37 48 52 46 54 46 54 

In addition to the above analyses, attention was also given (105) to growth 
rates, as revealed by scale patterns. They demonstrated a characteristic for the 
Rivers Inlet sockeye, a relatively small first year growth, followed by a 
relatively fast growth after the first winter and just prior to seaward migration; 
also, an unusually good growth in the third year (second in the sea). In 
association with the sampling studies a number of collections of seaward 
migrating sockeye from various sockeye areas were examined (105) and growth 
characteristics, etc. noted, as shown by the scales. 

For a number of years attempts were made to forecast the size of runs 
coming in from the ocean on the basis of age composition of the catch sample, 
success of the fishery and the amoun.t of the spawning escapement. The 
insufficiency of precise enough data on the latter very significant feature made 
the forecasts too indefinite and too broad, hence they have been latterly 
abandoned. An attempt has been made, however, (99) to observe and sample 
the spawning runs in one area, Rivers Inlet, and to compare it with the fishery 
and the catch sample. Preliminary observations show that the effect of the 
selective action of gill-net fishing gear can be quite important in heavily 
exploiting the large 42 and small 52 males, making relatively little use of the 
smallest and largest fish. The fishery likewise tends to select out the medium
sized females. It is probable that greater use of nylon gill-nets may alter 
appreciably the selective action found for linen thread nets. 

C. Spawning escapement studies. 
Each year the field officers of the Department of Fisheries make inspections 

of all sockeye spawning areas in order to determine the size of the spawning 
run and its characteristics with respect to sex ratios, proportion of small fish, 
general condition of the fish. The reports are summarized each season and 
circulated in mimeographed form. They are also reported in the annual report 
of the B.C. Department of Fisheries. In most northern areas the spawning 
grounds are located in remote, difficult·to-reach country and inspections can 
be made only once or twice a year. Much depends, therefore, on the conditions 
for observation at the time of the inspection and the coincidence of the 
inspection with the time of the peak of the run. For these reasons the 
observations are of limited value. However, they arc the best that can be 
obtained and as the inspectors gain greater knowl~dge of their respective 
districts their observation efficiency increases. They do a very worthwhile job. 
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(a) Escapement and distribution. For the Skeena River an interesting 
study was made of the spawning escapement in the watershed and the distribution 
of sockeye to the various spawning grounds, based on weir counts at Babine 
Lake and inspections elsewhere (17). Average escapement to' the Skeena River 
system for 19'Hl and 1947 was 678,000 fish, the extent of the spawning areas 
(exclusive of lake spawning) being 500,000 square yards or about 100 acres. The 
Rabine Lake sub-system contained around 60 per cent of the total spawning 
area, untilized by an estimated 70 per cent of the total escapement. 

Reference has already been made to the information obtained from tagging 
Skeena River sockeye in determining the speed of migration upriver, the 
proportion of the spawning escapement taken by the Indians for food purposes, 
and the fact that certain lower Skeena sockeye populations run early in the 
season whereas the two major populations are well-spread throughout the 
fishing season, the peaks coinciding with the time of greatest fishing effort. 
Some recoveries of tags have been made on the spawning grounds, thus giving 
some initial qualitative information but greatest recoveries have been made 
in areas where counting weirs are installed (175, 179, 180). 

(b) Population characteristics. At these weir locations, also, sampling has 
been undertaken to determine the age-groups involved, the size frequency 
distributions and sex ratios, in order to ascertain the difference from year to 
year, and, in particular, to assess the significance as far as egg depositions and 
future productions are concerned (5). So far no evidence has been found in 
northern areas of the occurrence of strikingly dominant year-groups, such as 
on the Fraser (210) but rather a greater mixture of four- and five-year-old fish, 
such feature tending to reduce severe fluctuations in runs and render less likely 
any serious effect of a calamitous interference with anyone spawning group. 

(c) Losses during upriver ascent. Limited information is available of the 
extent of what might be termed "normal" mortality of sockeye caused by the 
hazards of upriver ascent, sllch as narrow canyons with swift, broken water, 
small waterfalls, rapids, etc_ Gashed, wounded and net-marked adults are 
encountered at counting weirs to a minor extent; obsen'ations at Babine River 
weir indicated that from 3 per cent to 7 per cent of a representative sample 
of the fish bore injuries, though only probably 10 per cent of these were of 
a serious nature. For one natural hazard, IVloricetown Falls on the Bulkley 
River (123), information is available on the delay produced-5.8 days for 
sockeye-in migration whirh may have an effect on successful spawning. A 
fishway has since been installed to make this hazard possible for fish (1l1). 

Extensive losses can occur, however, where rock-slides obstruct the river 
to a considerable degree. The rock-slide in the Babine River in 1951 is an 
excellent example; it not only reduced the run to the upper river to around 
one-third of its normal size but the proportion of injured among those getting 
through rose to 30 per cent, many of the fish being seriously affected (106). 

Further information on losses occurring in normal river ascent is desired 
and studies are planned for 1954. 
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The Harbour Seal (Phonl viiI/iiI/a ridlllrdi) has IOllg been at:cused of doing 
extensive damage to gill-net gear, to fi sh enmeshed ill it and to salmon runs 
generally. Studies, however, indicated (50) that, in the Skeen a Rh'er estuary, 
damage to gill-nets from seal action was negligible, loss in fi sh occurred chiefly 
in the early part of the fishing season, amounting to 12 per cent or more of 
the value of the catch, and that greatest depredation upon salmon probably 
occurs in upriver areas_ It is suggested that a good measure of control may 
be feasible by employing one or more crews of trained hunters each season_ 

I I. ASSESSMENT OF NATURAL PROPAGA nON 

One purpose of the present sockeye salmon research was to determine 
whether existing declines in catches were due to over-fishing or to a drop in 
the rate of natural production. Another purpose was to gain an understanding 
of present natural production in order to determine how it might be profitably 
increased. There was involved, therefore, as detailed a study as possible of 
all phases of natural propagation, from spawning to migration of the young 
salmon to the sea. All situations or occasions where loss of eggs, alevins, fry, 
fingerlings or smolts could occur arc being examined and the extent of loss 
ascertained. The degree to which any losses can be avoided or reduced is being 
noted. In the sections that follow, each phase of the life history is dealt with 
from these two aspects. 

Early studies at eultus Lake, a sockcye-producing tributary of the lower 
Fra~er River, had provided informatioll (69, 7() concernillg a sockeye area 
where beach spawning occurred. It was desirable to gather similar data from 
different kinds of areas for comparison, particularly for locations where the 
more normal stream spawning occurred. Investigations were therefore begun 
at Babine and Lakelse Lakes on the Skeena and at Port John . in tht; central 
coastal area. The results obtained to date are valuable in showing not only 
the overall average production to be expected but all the extent of the ranges. 
with explanations for the wide variatiolls where these can be identified . 

A. Spawnillg operations. 

(a) Potential egg deposition. This is derived by multiplying the total 
number of femaks passing through the colillting weir by the average egg 
content per female (231). This latter is determined by counting the eggs in 
a random sample of female fish. Sufficient information is now available 
(7, 88, 89, 230) that nomographs of the relation of egg content to size of. female 
can be prepared, which will sufficiently-accurately indicate the egg content if 
the average size, a readily-obtainable datum, is obtained. 

Summarized records of egg content per female arc: 

Averagf' 

Cultus Like .. ........... ..... ...... ...... .... ...... .. .. . 4500 
Lakelse Lake .. .. ..... .. ............ ................ ... .... 3365 
Port John .... .. .. .. .......... ... .. .. .......... .. .. .. ....... 2332 
Babine ............. .... .. ...... ... ...... ......... ...... .. .. ... 3369 

Range of 7nl'llllS 

3800-4545 
2587-4050 
1830-2632 
3187-3525 
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(b) Sex ratios. The relation of numbers of males to females in the 
spawning escapement is of considerable significance in fertilization of eggs. 
Although at Cultus Lake females generally predominated at least 2: I (69, 76, 86) 
in other areas the sexes were more uniformly 'represented, sometimes with 
males in greater abundance (5, 112, 113, 127, 187, 231). There is at the present 
time some difference of opinion as to ratio of male to female spawners required 
on the spawning grounds. The matter is receiving attention in test plots with 
varying proportions of the two sexes contained therein. 

(c) Effect of water level variations. No precise data are available. Field 
observations indicate that low water conditions delay the entrance of spawners 
into spawning streams and cause the fish to congregate in the narrow creek 
bed. On the contrary, high water levels cause some of the fish to spawn along 
the creek margins which are likely to become dry and cause loss of eggs. The 
problem of stream water level is of greatest moment in areas where logging 
is removing the forest cover and may cause flash floods and highly irregular 
stream flow. 

(d). Effect of prevailing water temperatures. No precise data are available. 
There is some field evidence to indicate that high' creek water temperatures 
cause mortality among unspawned fish, particularly females, prior to spawliing. 
SucQ. conditions do not appear to be too frequent under natural circumstances. 

(e) Losses due to predators. No precise information is available. Observa
tions suggest that mortality due to bear predation can at times be appreciable 
but not a serious matter. Similarly with the predation by birds and fishes on 
eggs being deposited or already deposited in redds. It is difficult to determine 
whether salmon eggs found in bird or fish stomachs were not infertile ones, 
or one not properly deposited in the redds, which would have been a total 
loss in any event. 

(f) Losses in unspawned females. Under normal conditions this loss is 
probably a minor one. Unfortunately, where counting weirs are operated the 
deleterious effect of the structure, by interfering with the ready ascent of the 
stream or causing the fish to jump at it in order to attempt to get over, cannot 
be readily determined. At Babine River in 1953, of 26,000 female sockeye 
examined only 2 per cent were found to be unspawned; at Port John, 14 
females out of 170 were recovered unspawned. 

(g) Losses due to incomplete egg release. Examinations of spawned-out 
carcasses of female sockeye have revealed that little wastage of eggs occurs. 
Tests at Babine counting weir in 1952 indicated that only 9 per cent of the 
26,000 carcasses examined were partially-spawned. No indication of the average 
number of eggs present was given. At Six Mile Creek, Babine, in 1940-51, 
losses due to egg retention were found to be 2.8 per cent of total eggs. At Cultus 
Lake, for beach spawning, in 1925, of 53 spawners examined, over 75 per cent 
contained 20 or fewer eggs; in 1935, of 417 individuals examined, the .average 
egg content was 36.5, or less than 1 per cent. For Port John, egg loss by 
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incomplete expression of eggs amounted to 3.7 per cent in 1953 but only 0.73 
per cent in 1954. 

B. Egg incubation. 

Losses occurring during the period the eggs are incubating in the redds 
may be attributable chiefly to (a) non-fertilization, (b) effect of inadequate 
water circulation which leads to suffocation, (c) effect of silting which likewise 
causes suffocation of eggs, (d) effect of freshets in scouring out and displacing 
the eggs, (e) effect of faIling water levels by leaving some eggs in redds high 
and dry, (f) effect of below-freezing temperatures in killing the eggs in redds 
on high ground or along the stream margins, and (g) superimposition of eggs 
in already occupied redds by later-arriving sockeye or salmon of other species. 

Periodic sampling of redds has been undertaken to determine the losses 
due to these various factors but as yet it has been difficult ~o separate some 
of them. In the case of others, such as the damaging effect of freshets, drought 
and superimposition, obtaining of data from the field depends upon the 
development of such conditions in areas where satisfactory observations can be 
made. The potential significance of the effect of these factors in years of 
uncommon climatic conditions is recognized and therefore the value of ensuring 
a good, even flow in important sockeye-producing streams is emphasized. This 
situation applies particularly to streams which have no lakes at the head, the 
lakes tending to provide a more even flow throughout the year. 

Observations conducted on a test stream (Six Mile Creek) on Babine Lake 
in 1951 gave Ute following data: 

Losses during the pre-eyed stage-7.4 per cent of the total eggs in the 
redd. 

Losses during the eyed stage-U.5 per cent of the total e~gs in the 
redd. 

Losses during the alevin stage- undetermined but probably not less 
than 20 per cent of total eggs. 

It was estimated that of the total loss of eggs, freezing during the 
unusually severe winter · probably accounted for at least 30 per cent. 

At Scully Creek, Lakelse Lake, per cent loss observed in redds has 
varied, from 40 per cent to 64 per cent. 

In summary, it is estimated, pending more precise data, that the overall 
redd losses probably amount to around 50 per cent of eggs deposited. 

C. Fry hatch and migration to lake. 

Losses during this stage of the life cycle are chiefly attributed to (a) effects 
of severe stream conditions, i.e. flash freshets or very low water flow and (b) 
activities of predator fishes, i.e. trout, squawfish, sculpins, coho salmon yearlings. 
Losses due to unfavourable- stream conditions are difficult to assess unless an 
extreme situation is found which can be analyzed. For predation losses, tests 
have indicated mortality varying from 32 per cent to 91 per cent of marked 
and released fry for Lakelse studies and 65 per cent for Babine. Pending 
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further evidence, it is estimated that fry losses in streams, due to predation 
and other stream conditions, amounts to around 75 per cent of hatched and 
emerged fry. 

In summary it may be pointed out that from repeated enumerations of 
fry produced from known egg depositions (as indicated by the number of 
females ascending to spawn) the following percentage yields have been obtained: 

Scully Creek, Lakelse Lake, 
Tally Creek, Port John, 
Six Mile Creek, Babine, 
Geometric mean, 

D. Lake re!iidence. 

13.7, 9.3, 13.6, 12.2, 10.1 
25.2, 1.75, 5.12, 8.9, 5.02, 13.4 
12.0, 19.0 
9.7 per cent 

For sockeye salmon, which remain in fresh water for at least one year 
before passing seaward, the one- or two-year lake residence is particularly 
significant in that during the period heavy losses can and do occur. Since this 
is the last stage prior to seaward migration any reduction in mortality that 
can be brought about will directly increase the seaward-migrating population 
and hence the adult return two to three years later. 

Studies have shown that: 

(a) young sockeye depend almost solely upon lake plankton for foo~ (51, 
63,201,203), 

(b) growth of sockeye is inversely related to the size of the population (78), 
(c) significant losses occur throughout the lake residence period (20, 77), 
(d) predaceolls fish arc an important cause of Ims of sockeye (199, 209). 

The importance of understanding the relation of lake conditions to the 
weB-being of young sockeye has resulted in studies of the physical and chemical 
characteristics of certain sockeye lakes and their plankton supplies and fish 
populations (13, 15,25,26,95,96, 117, 120,202,204,205,206,213,216,229,233.) 
In addition an attempt has been made to ·ascertain the effect upon young 
sockeye survival of reducing or controlling the populations of predaceous fish 
(74, 91, 92). Some theoretical aspects of the possibilities of success have been 
considered (212). 

At the present time an intensi'·e study is being made at LakeIse Lake, 
Skeen a River system, of the relation of conditions in the lake-limnology, 
plimkton, fish populations-to the production of young sockeye, with particular 
reference to the factors limiting production (20, 121). The relationship of 
variations in abundance of competitor and predator fishes to changes in 
production of younk sockeye will receive special attention (9, 10). 

E. Overall percentage production of young sockeye in fresh water. 

As a measure of the rate of production of sockeye, data have been obtained 
in four widely-differing sockeye areas in order to reach some general under
standing of (a) what might be considered "normal" production, (b) what ranges 
in production can occur and (c) to what extent and in what way prevailing 
climatic or environmental conditions may affect production. The results, to 
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date, showing the ratio of seaward-migrating sockeye ~1llolts produced to the 
potential egg deposition and expressed as percentages, may be summarized as: 

Cultus Lake-lower Fraser system -1.13, 1.05, 3.16 (69, 76) 
Port John--central coastal region -0.5, 3.0, 5.0, 3.0 
Lakelse Lake-lower Skeena system -1.1, 0.4, 1.5, 8.5(?), 1.7 (20, 84) 
Babine Lake-upper Skeena system -0.48, 0.77, 1.52, 2.0 (47, 232) 

Geometric mean -1.43 

As pointed out above, an endeavour is being made to break the fresh water 
losses down to show when or where they occur-in the redds, the streams or 
the lakes-their relative extent and what might be done ~o reduce them 
(79, 181, 182). 

F. Seaward migration of sockeye. 

Aside from certain analysis of data to reveal what factors or conditions 
bring about seaward migration of young sockeye from a lake, e.g. the relation 
of temperature (75), or, conversely, may tend to produce lake-resident 
populations (207, 208), studies have concerned chiefly the numbers, sizes and 
age groups of migrants (14, 20, 47, 56, 84, 112, 113, 232). Few observations have 
been made of the seaward migrations once the migrants have left the counting 
weirs or sampling stations selected just below the lakes. No quantitative 
studies have been made of the losses occurring during seaward migration or 
when they reach the river estuaries and proceed to sea nor of the particular 
habits or activities of the fish at this latter time. 

G. Adult return from the ocean from a known smolt migration. 

An inverse relationship between the size of a smolt migration (in numbers 
of migrants) and the percentage return of adults has been shown. It is indicated 
that the size of the individual migrants is chiefly or entirely responsible for 
this, small migrants suffering greater mortality either during seaward migration 
or ocean residence than larger smolts (85). 

III. STUDIES DIRH.TED TO bII'ROVEMENT OF NATURAL PRODUCTION 

Any measures which can be adopted to increase the efficiency of natural 
'propagation would result in greater sockeye populations in the ocean and 
permit a greater degree of exploitation. Various means of achieving this 
objective have been studied or are being explored. 

(a) Value of artificial propagation. In the early 1900's a number of salmon 
hatcheries were in operation, hatching and releasing into adjacent lakes large 
numbers of sockeye fry. Subsequently, around 1920, planting of the eggs at 
the "eyed" stage in the gravel of suitable streams tributary to sockeye lakes, 
was believed to be more efficient and came to be widely used (106a). In 1925 
studies were commenced (54, 59) of the relative efficiencies of artificial 
propagation of sockeye by both methods, release of fry and planting of "eyed" 
eggs, in comparison with natural propagation. Results, based on the number 
of seaward-migrating smolts produced, indicated (64, 69, 76) that: 
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(I) where a natural run of sockeye occurs with a reasonable expeclancy of 
successful spawning, artificial propagation is unnecessary and, if 
producing additional results over natural spawning, these would not 
appear to be in any way commensurate with the cost. 

(2) the egg collections for hatcheries then operating amounted to approxi
mately 3.5 per cent of all eggs contained in the estimated spawning 
escapements of the three major British Columbia river systems. 

(3) heavy losses (94 to 97 per cent) occur after the sockeye fry are liberated 
into the lake. 

(b) Predator control. In view of the heavy lake mortality among sockeye 
fry, the loss due to predation was studied (74, 209) and subsequently the effect 
of a campaign to reduce and control the population of a predator was 
determined (91, 92). Evidence was presented showing an appreciable increase 
in sockeye survival and it was indicated that control of predators might be 
economically feasible. 

(c) Restocking depleted areas by transfer of eggs (80). It was indicated 
that the source of the eggs was an important consideration, particularly the 
distance from the sea of the area from which the eggs were taken. No great 
success was achieved, however, in the experiments even when eggs from a fairly 
adjacent spawning area were used. 

(d) Use of landlocked sockeye (0. nerlw kCllllcri),() eggs to establish, main
tain or increase populations of sea-running sockeye (81). Experimental plantings 
produced no returns to the area of liberation, and but few recoveries in the 
fishery. The extent to which natural escape of kokanee or landlocked sockeye 
yearlings from lakes can result in returning spawning adults is considered still 
an open question though opinion against it, based on the origin of kokanee 
and "residuals", has been presented (207, 208). 

(e) Stream improvement. No precise data are available. Field observations 
suggest that maintenance of a certain minimum flow according to the size and 
character of the stream channel and the elimination of scouring flash floods 
is desirable. Best production is believed to occur in streams which have lakes 
at their source, or in spawning area~ in outlet rivers of large lakes, from which 
areas the fry make ascent to the lakes. 

(f) Increasing the production capacity of lakes for young sockeye. That 
lakes have a limited capacity for rearing young sockeye has been .demonstrated 
(78) as has also the greater return from the ocean of the larger smolts (85). 
~n increase in size of smolts when predator control was tested was noted (92) 
but no tests have been made of the practicability of increasing production or 
sizes of smolts by introducing fertilizing materials into lakes to increase the 
plankton supplies. 

IV. MISCELLANEOUS STUDIES 

During the studies of natural and artificial propagation of sockeye salmon 
opportunities were presented to acquire information on a number of related 
problems: 
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(I) Pond retention of young sockeye salmon (58, 102). 
(2) Artificial food rations for pond-reared sockeye (57, 61). 
(3) Methods used in artificial spawning (60, 68). 
(4) Fry production from eyed-egg plantings (65). 
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Also, throughout the sockeye investigations, a number of studies related 
to the life-history, habits, growth rates, etc., were made, as and when pertinent 
data could be assembled. 

(1) Factors which might influence adult sockeye on upriver migration (53). 
(2) Age and size components of a spawning run, sex ratios, total numbers, 

and variations from year to year, time 'migration and relation to stream 
temperatures and water levels (5, 54, 55, 62, 67, 186, 187). 

APPENDIX II 

Research on Pink Salmon (Oncorhynchus gorbuscha) 

1. INFORMATION FOR REGULATION 

A. Studies of migration in coastal waters and river estuaries by tagging and 
.narking to determine: 

(a) Routes of travel and seasonal occurrance. Tagging studies have shown 
very little coastal movement of pink salmon across the British Columbia-Alaska 
boundary (196, 197, 198, 219). In the northern and central portions of the 
British Columbia coast there is very little coastwise migration, the fish appearing 
to enter the inlets and channels almost directly from the sea. In southern 
British Columbia areas the coastal .migrations are longer, the fish travelling 
southeastward along the coast and paralleling both the east and west coasts of 
Vancouver Island. Pink salmon spawning in the Fraser-Puget Sound area and 
a number of streams tributary to the Strait of Georgia are derived from both 
these routes (46, 145, 149, 188). 

MCJ.rking programs (148, 150, ]54, 155,162,165,170, ]73, 176) have in general 
. confirmed the findings from tag recovery but have indicated appreciable catches 
in Alaska waters of pinks from Masiett Inlet, Queen Charlotte Island (170). 

(b) Degree of exploitation. Commercial exploitation by seine and gill-net 
fisheries in the central Johnstone Strait areas is estimated to be around 50 to 
60 per cent (137). Elsewhere it is not known with any accuracy. 

(c) Selectivity of fishing gear. Since examination of escapements shows 
approximate equality of sexes, the fishing gear is considered to be not strongly 
selective in respect to sex of fish caught. About 70 per cent of the pink salmon 
catch is made by seine nets which are presumed to be non-selective for size. 
Gill-nets may, however, be selective. 

(d) Efficacy of regulations. Since, as shown earlier, pink salmon catches 
have maintained a fairly constant average level for many years, present 
re.gulations are regarded as effective in maintaining t~e supply. 
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B. Sampling of catch 10 determinl: populalion characteristics. 

No compilation or analysis of length-frequencies in commercial catches 
has been published although a considerable number of measurements have been 
recorded for areas in which fish have been tagged. Average weights of fish in 
different areas and different weeks of the fishing season are available from 
the mimeographed fishery statistics reports of the Department of Fisheries. 
Fraser River pinks are of larger size than other southern B.C. populations 
(Manzer, ms.). "Odd-year" pinks average heavier than "even-year" fish (107); 
annual and local variations in weight are also discussed. W·ith no known 
exceptions pink salmon mature at 2 years and all pinks caught commercially 
are in their second year of life (165). Sex of fish in samples drawn from 
commercial catches has been recorded in several recent years but the data 
await analysis. 

C. Spawning escapement studies. 

(a) Time of migration. The approximate time at which pink salmon enter 
the streams in the various areas and watersheds is well known. A mass of data 
for individual streams is available in the "B.C. 16" annual spawning stream 
inspection reports of the Department of Fisheries. There is little evidence 
of well-marked separations of "races", on a time-of-run basis, within watersheds. 

(b) Population characteristics. Size of fish in escapemenls has been recorded 
for two areas where field research stations have operated (160 and Hunter 
unpub.). Significant diff~rences in average size have been shown to exist between 
different years and between the earlier and later fish in the same year. Sex ratios 
have been found to be approximately 1:1 in these localities (137, 183). 

(c) Mortality in upriver ascent. Distances and time periods involved in 
upriver migration are usually relatively short. No information on mortality due 
to obstructions, delays, etc .. is availahle. Predation hy bears can be significant 
at times (137). 

II. ASSESSMENT OF NATURAL PROPAGATION 

In order to have (a) a general understanding of the natural production of 
pink salmon under naturally-varying climatic conditions, (b) some conception 
9f the ranges of variation that can take place, and (c) some basis upon which 
to evaluate any improvement measures that might be tested, an investigation 
of the natural production of pink salmon fry from known egg depositions was 
undertaken. Studies were made first in a highly productive area, Massett Inlet, 
Graham Island, Queen Charlotte Islands. One stream, McClinton Creek, was 
selected. Subsequently a few years' tests were made on a small pink salmon 
stream on the lower east coast of Vancouver Island, Morrison Creek. Later a 
stream in the central coastal area, Port John (Hooknose Creek) was used. At 
the same time, observations on pink salmon propagation were carried on, along 
with studies of chum salmon production, at a small east coast of Vancouver 
Island stream, Nile Creek, where the pink run had practically ceased to exist. 
In each of these localities, information was obtained from adult and fry 
counting weirs and from field observations. 
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A. Spawning. 

(a) Egg deposition. Average egg content of females in various years and 
localities has varied from 1,535 to 1,899, with a general average of 1,700 
(88, 137, 160, 183). Correlations between length and weight of females and egg 
content ha\'e been established (89). Presumed egg depositions of natural 
escapements have been determined for 6 years at McClinton Creek (183), 7 years 
at Port John ("112, 113, 115, and unpub.), and 2 years at Morrison Creek, V.l. 
(unpub.). 

(b) Sex ratios. These usually approximate I: I on the spawning grounds. 
It has been suggested (Shepard unpub.) that a reduction in male populati9ns 
to a I male to 2 female ratio might not adv;rsely affect spawning efficiency. 

(c) Effect of water levels. Stream water levels frequen tly determine (I) the 
accessibility of the spawning grounds, (2) the times at which fish are stimulated 
to enter or ascend the streams, and (3) the area available for spawning (137 , 141, 
183). Positive correlations have been found (157) for numbers of pinks 
migrating into the spawning stream each day and both the maximum daily 
water height of the stream and the daily rainfall in the area. In dry years 
large numbers of pink salmon are often unable to enter and ascend streams, 
with potentially serious results. Under conditions of reduced flow fish have 
been know to die from asphyxiation before spawning (3). High water levels 
and rapid fiow tend to make ascent difficult and may cause spawners to construct 
redds in gravel bars, etc., which may later become exposed, the eggs then subject 
to dessication, loss through insufficient water flow or high temperatures or to 
freezing. An inverse correlation between fry production and October discharge 
records has been found to occur in one test stream. It is felt that high water 
conditions in October, when eggs are in a sensitive ~ tate, causes considerable 
loss. 

(d) Effect of prevailing water temperatures. I'\o relation hetween water 
temperatures and time of entrance of pinks into spawning streams has been 
shown for B.c. streams. This is in accord with data from other areas (45). 

(e) Losses due to predators. ;\0 precise data are available. Losses arc 
believed to be generally light. Cameron (unrub.) suggests that losses due to 
predation and incomplete spawning may be 10 per cent of egg deposition al 
McClinton Creek. 

(f) Losses in unspawned females. Normally vcry light. 

(g) Losses due to incomplete egg releases. Normally low-averages for 
the Port John test area-2.7 per cent in 1%1 and 0.% per cent in 1952 of 
average egg content per female. 

B. Egg incubation. 

Periodic examination of pink salmon redds has been done in several test 
areas but it has been difficult to as~ign losses to particular factors. For one 
series of observations (27), non· fertilization 'amounted to an average of 1.8 per 
cent of eggs recovered from fi"e redds (range-0.8 per cent to 3.2 percent). From 
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observations made at McClinton Creek in 1940 the following assignment of 
losses during spawning and incubation is reported (Cameron unpub.): 

Predation on adults and incomplete spawning-l0% of eggs available 
Exposed by superimposition - 5% "" " 
Erosion of redd areas -10% "" " 
Incubation and alcvinage -30% "" " 

or a total loss of 46 per cent of eggs available for deposition. 

C. Fry hatch and migration to sea. 

Mortality is believed to be caused largely by populations of predator fishes 
-trout, young coho, and sculpins (158). Cameron (unpub.) places this loss at 
60 per cent; Hunter (unpub.) at from 25 per cent to 75 per cent during a 
migration-as revealed by recovery of marked fry-or an average of 50 per cent 
for the whole run. It is recognized that heavy freshets or severe drought could 
cause serious mortality if occurring during fry migration time. No occasions 
which could be analyzed have been experienced. 

D. Overall percentage fry production from known egg deposition. 

Many data are available from a number of different areas (112, 1 ]3, 1 ]5, 
137, 141, 161, 162, 166, ]67, 183) and in unpublished Summary Reports. They 
run as follows: 

McClinton Creek, Queen Charlotte Islands, ]930·31 to ]940-4]: 10.6, 
17.4, 9.0, 6.9, 23.8, 19.0. 

Morrison Creek, Vancouver Island, 1943·44 and 1945-46: 4.7, 6.7. 
Port John, 1947-48 to 1952-53: 0.88, 8.17,6.45, 15.12, 16.47, 14.42. 

For the McClinton Creek data the variations in mortality during production 
-76.2 to 93-1 per cent-are believed due (183) to a variety of climatic 
and environmental causes and also to the variation in spawning population 
level, for it is shown that with certain limits and under reasonably uniform 
climatic conditions, there is an inverse correlation between total egg deposition 
(spawning) and percentage production of fry (137, 182). For Morrison Creek 
the data are too limited to draw firm conclusions. For Port John, analysis of 
data is not complete. As mentioned elsewhere above, a negative correlation 
(r = .9024) has been found between October stream discharge and pink salmon 
fry survival in the following spring. The range of percentage fry production 
which can occur, as shown by the Port John records, namely, from 0.88 per cent 
to 16.47 per cent, is of particular interest. 

E. Seaward migration of fry. 

As noted, also, for sockeye salmon above, much information has been 
obtained regarding the habits of pink salmon fry during seaward migration, 
their reaction to light, temperature, water flow, etc. Some of it has been 
reported (108,174) but there is a great amount of unpublished material in the 
annual Summary Reports of the Pacific Biological Station. 

F. Adult return from the Ocean. 

The general strong tendency for pink salmon to return to the streams 
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where hatched has been confirmed (165) and also, as noted above, their return 
at an age of two years (165). 

The return of adults to test streams from which known fry migrations 
occurred has given information on the per cent return from the ocean and 
minimum records of the ocean survival from fry to aault stages, including 
fishing mortality, the extent of which has not been adequately measured but 
assumed, as indicated above, to be around 50 to 60 per cent. The recovery of 
"marked" adults from known fry markings has been found not to give reliable 
quantitative data (165) and therefore the total adult returns to test streams 
have been used. These are: 

McClinton Creek: 0.29,6.75,0.42, 1.78,0.74: geometric mean-1.016%. 
Port John : 5.2, 3.1, 3.2, 3.7,0.71: geometric mean-2.67%. 
Morrison Creek : 0.93 %. 

The factors affecting ocean survival have not been clearly defined. Oceano
graphic conditions and variations in distribution and intensity of the fishing 
gear have been suggested (185). 

III STUDIES DIRECTED TO IMPROVEMF.NT IN NATURAL PRODUCTION 

(a) Attempts to produce pink salmon runs in "off" years. In certain areas 
of British Columbia pink salmon runs occur only in alternative years. In 
Massett Inlet, Queen Charlotte Islands, where heavy runs occur in the "even" 
years-1950, 1952, etc.-practically no pinks can be observed in the alternate 
-the "odd" years. Fo rthe Fraser River, in contrast, large runs occur in the 
"odd" years-I 951, 1953, etc.-and very few pinks are found in the "even" ones. 
In other B.C. areas there are runs every year, though they may vary greatly 
in size in "odd" and "even" years. Causes of these peculiarities have been 
discussed (138). 

The factors responsible for this peculiar "on" and "off" year production 
have not been established but the value of bringing the "off" years into 
production was early recognized. Experiments were undertaken (163, 164) by 
transfer of eggs from other areas in the "off" seasons. No success was achieved, 
perhaps due to the limited number of eggs used in the transfers. Similar tests 
are being made in the Fraser River and in the State of Washington, using 
Skeena River pink salmon eggs in the "off" year, but the results have not yet 
been reported. 

(b) Artificial propagation, with planting of "eyed" and "green" eggs. See 
similar section under chum salmon, below. 

(c) Use of planting areas with controlled water flow. See similar section 
under chum salmon, on following page. 
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APPENDIX III 

Research on Chum Salmon (Oncorhynchus kela) 

I. INFORMATION FOR REGULATION 

A. Studies of migration in coastal waters and river estuaries by tagging 
and marking to determine: 

(a) Routes of travel and seasonal occurrence. There is no evidence of large 
movements of chum salmon across the British Columbia-Alaska boundary (196, 
197, 198, 219. In the coastal areas from the Skeena River south to the northern 
end of Vancouver Island no extensive coastwise migrations are indicated, the 
fish appearing to move in more or less directly from the ocean to the rivers 
and streams. Chum salmon entering Johnstone Strait from the north distribute 
themselves along the east coast of Vancouver Island and along the mainland 
shore as far south as Puget Sound (31, 145, 149, l\·Ianzer. unpub.). They also 
migrate inshore through the Strait of Juan de Fuca but the numbers and their 
distribution have not been adequately investigated. 

(b) Degree of exploitation. Tn the central-Johnstone Strait areas commercial 
exploitation is estimated to be around 50 per cent (31, 137). For other areas 
no data are available. 

(c) Selectivity of gear. Since the spawning escapements show approximate 
equality of males and females. fishing gear is not considered to be strongly 
selective in respect to sex of fish. From 50 to 60 per cent of the fish are caught 
by seines. which are considered to be non-selective; of the remainder. which 
are taken by gill-nets, some site selection may occur. 

(d) Efficacy of regulation_ Regulations are considered to be generally 
effective. since. although wide fluctuations in catches may occur from year to 
year. no general downward trend is apparen t (107. 137). Some degree of over· 
fishing may ha\'e taken place in the Vancouver Island region where fishing is 
very intensive and stocks seem to have declined. 

B. Sampling of catch to determine population chanlcteristics 

Data on size frequencies and age compmitions of commercial catrhes have 
been obtained in JlIany areas (32. 107. 172). Robertson unpub., 'Vicket! unpub.). 
Considerable difrcrences in average sile of fish caught during different periods 
of a season and in different years are indicated. 

In general, four-year fish contribute from 40 to YO per cent of the catches. 
the balance consisting mostly of three-year rish but with a small percentage of 
five-year-olds consistently present. 

Sex ratio studies indicate that the males and females are quite evenly 
represented, in general. 

C. Spawning escapement studies. 

(a) Time of runs. The time of entrance of chum salmon into spawning 
streams varies in different areas and may differ noticeably between quite 
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closely adjacent streams, as indicaed by Fishery Inspectors' reports. Average 
difference in the times at which runs to various areas in southern B.C. pass 
through the Johnstone Strait fishery have been found (Manzer unpub.). In 
general, however, there is no sharp segregation of these "area" runs. In some 
rivers there is a wcll-marked early run, usually of small proportions, followed, 
after an interval of up to sevcral weeks, by the ad"cllt of the main body of 
spawners (137). 

(b) Population characteristics. At Port John, chum salmon marked as 
outgoing fry returned in the following proportions: third year, 20 per cent; 
fourth year, 72 per cent; fifth year, 8 per cent. In many cascs age determination 
by examination of scales is not feasible for fish after they have entered fresh 
water. Size differences between populations of different streams are strongly 
suspected but data are insufficient for making sound comparisons. Sex ratios 
in escapements examined have closely approximated 1: I (137). 

(c) Mortality during upriver ascent. Mortality among adults tends to be 
small since distanccs are usually short and water lcvels have usually increased 
by the timc this spccics cntcrs the streams. In unusually dry seasons mortality 
of unspawned fish has bcen observed in small sti'cams on Vancouver Island. 

II. ASSESSMENT OF NATURAL PROPAGATION 

As for pink salmon, notcd above, one objective of the chum salmon research 
has been to study natural propagation in a number of streams. Young chum 
salmon migrate to sea as fry, shortly after emergence. Hence the study has 
invoh'cd the dctermination of thc numbcr of chum fry produced from a known 
spawning 01' egg deposition over a period of years in order to assess the effcct 
of diffcrcnt climatic situations- wct or dry, warm or cold-On fry production. 
Consideration has also bcen given to the rate of production according to the 
extent of the spawning population, i.e. the number of eggs deposited. It is 
neccssary to know what the normal levels of natural production are before 
attcmpting to effect practical improvement. Propagation studies have been 
carried on at Nile Creek and Port John for a number of years. 

A. Spawning. 

(a) Egg deposition. Thc averagc egg contcnt of fcmalcs in various ycars 
and localities has bcen found to vary from 2,254 to 2,943, with a general avcragc 
of around 2,700 (88,137). The potential egg dcposition of a natural escapcment 
has been computcd for two tcst streams-Nile Creek and Hooknose Creek, 
Port John. At the lattcr, the presumed egg depositions have varied from 714,500 
in 1949 to 10,977,500 in 1947, avcrage for six years~3,023,OOO. 

(b) Sex ratios on spawning grounds. Although variation in numbers of 
males and females occur in all spawning areas, obscrvations indicate that the 
sex ratios are generally fairly even. 

(c) Effect of stream water conditions. As a general rule chum salmon tend 
to -frequent the lower stretches of coastal streams and river tributaries, 
concentrating in such regions with less inclination to distribute themselves 
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evenly throughout the stream than occurs for other species. There can, 
therefore, be more overcrowding and more utilization of marginal or question
able gravel areas with greater potential loss ill eggs if stream level drops 
radically. 

(d) Losses in dead unspawned females. As with pink salmon, observations 
indicate that in general there is very little loss in females dying unspawned. 
There are exceptional situations when, due to sudden drought, stream flow 
drops to such a low level that spawners become trapped and are lost. These 
occasions are rare. 

(e) Losses due to incomplete egg release. In general, this loss is low but 
may, on occasion, be appreciable. For example, at Port John, in 1952, egg 
retention amounted to only 0.51 per cent. In 1951, however, it was 4.7 per cent. 

B. Egg incubation. 

Losses during the period of egg incubation for chum salmon (133) are 
generally similar to those noted above for pinks except that quite frequently 
there is more wastage due to incomplete covering of eggs in redds or more 
drifting of eggs out of the redd areas. This loss has not been specifically assessed. 

The probable overall loss in chum eggs and alevins during the incubation 
period is found; from redd sampling, to be generally around 50 to 60 per cent 
of eggs deposited, although examination of 10 redds in the 1947-48 season 
indicated a survival of only 13.75 per cent of eggs found therein (112). In 
1948-49, extremely cold weather in January and February caused a zero survival 
in all redds situated near the stream banks where freezing occurred (ll3). 

C. Fry hatch and migration to sea. 

Records available from Port John show the following percentages of fry 
production from known presumed egg depositions under prevailing climatic 
and stream conditions: 0.99, 7.35, 6.22, 15.09, 16.9, 19.41. The very low 0.99 
per cent production was obtained from the relatively very high deposition of 
close to II,OOO,OOO eggs. At Nile Creek, natural production of chum salmon 
fry has varied from 0.08 per cent to 7.0 per cent (221), the very low survivals 
being due largely to the scouring and shifting of stream bed gravel by 
exceedingly severe flash freshets 133). 

D. Adult return from the ocean as percentage of fry released. 

At Port John where only one determination has yet been made, a return 
of 2.6 per cent of liberated fry resulted. The mortality-9704 per cent of fry 
released-includes both natural loss and fishing drain. At Nile Creek adult 
returns have varied from 004 to 1.8 per cent of fry released, again making no 
correction for fishing mortality, the extent of which is unknown. 

III. STUDIES DIRECTED TO IMPROVEMENT IN NATURAL PRODUCTION OF PINK AND 

CHUM SALMON 

(a) Value of artificial propagation. Studies at Nile Creek (221) suggest 
that planting of eggs, either "eyed" or "green" may be more successful than 
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for other species. No research is planned for the near future but rather studies 
on the improvement of natural production. 

(b) Stream improvement. The increase in fry production resulting from 
use of sections of stream where water flow can be controlled is indicated in 
the section below. Controlled flow and proper preparation of gravel areas to 
ensure adequate percolation of water will likewise increase spawning and egg 
incubation but there are no specific data available (141) 

(c) Use of streams with controlled water flow. Two tests at Nile Creek 
(221) have indicated an increase in fry emergence of from 1.4 to 13.5 per cent 
and from 7.2 to 16.8 per cent, respectively. 

(d) Water flow through gravel and gravel composition. The oxygen supply 
to salmon eggs has been shown to depend on velocity of water flow and 
prevailing dissolved oxygen content of the gravel water (222, 223) A study of 
the hydraulics of salmon spawning beds is now in progress in which the various 
factors of composition, permeability and hydraulic grade lines, etc., and means 
of assessing them in the field are being investigated. It has already been found 
that removal of fine particles (silt) from gravel improves the survival of chum 
salmon eggs from incubation. 

(e) Predator control. The value of removing predators from or keeping 
them out of controlled planting areas has been shown (221) to reduce predation 
from 50 to 20 per cent. The significance of predator populations in reducing 
salmon fry populations has been indicated (137), particularly the ratio of 
abundance of predators to abundance of fry. Port John studies indicate that 
around 40 per cent of pink and chum fry migrations can be saved if predators 
can be removed. Large·scale poisoning may be a practical means of reducing 
numbers of predators, particularly cottids. 

APPENDIX IV 

Research on Spring and Coho Salmon 
(Oncorhynchus tschawytscha and O. kisutch) 

1. INFORMATION FOR REGULATION 

A. Studies of migration in coastal waters and river estuaries by tagging 
and marking. 

(a) Routes of travel. Most of the tagging experiments have been conducted 
on troll-caught fish. Due to the mortalities involved and loss of tags no useful 
data on the degree of commercial exploitation were obtainable_ Intensities and 
location of the fisheries, both troll and net, so influence the area of tagging and 
the distribution of recoveries that the taggings reveal largely only the routes 
of travel along the coast and, in some cases, the river system to which the 
fish proceed. 
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SPRING SALMON. In 22 experiments a total of 7678 spring salmon have been 
tagged off the B.C. coast from 1925 to 1952 of which 930 or 12 per cent have 
been recovered (35, 128, 146, 153, 224, 225, 228, and Milne, unpub.). Very 
little difference in percentage recovery of tags between early and more recent 
taggings is indicated. Off the west coast of Vancouver Island in the period 
1925-1927, 12.8 per cent of 3049 tags used were returned, whereas in 1949-51, of 
1033 tags put out, 13.3 per cent were recovered. For the Queen Charlotte 
Islands area in 1929-30, of 1935 spring salmon tagged a recovery of 13.5 per cent 
was made; in 1951, of 64 springs tagged only 11 per cent were retaken. The 
majority of the spring salmon travelled long distances down the coast, in a 
south-easterly direction along the continental shelf to the larger rivers. Many 
were captured enroute. The Columbia River fish predominated in the early 
years (1925-1930) but other large rivers such as the Fraser are important in 
recent years (1949-1952). From taggings off the west coast of Vancouver Island 
fewer returns were from the Columbia River (16 per cent of the total recoveries 
compared to 60 per cent) and more from the Fraser River (10 per cent compared 
to 5 per cent) in the recent experiments than in the earlier ones. In recent 
years more fish were recaptured near the tagging areas as an indication of the 
greater intensity of the troll fishery. The result is that 30 per cent of the total 
recoveries were caught in U.S. waters recently, compared to 82 per cent twenty 
years ago. 

Many of the fish tagged off the north·east coast of Vancouver Island were 
recovered from the Gulf of Georgia and Puget Sound (45 per cent of the total 
recoveries). Those tagged in the Gulf of Georgia had a more local distribution 
with many to the Fraser River and a few to Puget Sound (8 per cent). The 
recent tagging at Sooke traps resulted in a high return of 22.4 per cent of the 
fish, mostly from the Fraser River. 

As tagging locations moved north, fewer returns were from the south and 
more were taken in the north. For example, the early taggings off the north
west coast of the Queen Charlotte Islands resulted in 58 per cent of the returns 
in U.S. waters to the south (26 per cent from Columbia River) and 2 per cent 
in south-east Alaska. In the small 1951 experiment there were no returns from 
the Columbia River or south and only 43 per cent from waters off 'Vashington 
States. Those tagged in Hecate Strait had a' more localized distribution in 
B.C. with 35 per cent returned from United States waters. 

In summary, the theory of a north-westward feeding migration of young 
fish coupled with a south-eastward spawning migration of adults has now been 
firmly established for spring salmon caught in the outside waters of British 
Columbia, with the larger rivers dominating in the catches in a north-west 
direction from their mouths. The only region in which many. tags were 
recovered in the years following the tagging is from the "feeding area" off 
Barkley Sound, V.I. For inside waters, Hecate and Georgia Straits, the fish 
appear to move in a more random manner, similar to offshore conditions south 
of the Columbia River where fish are recaptured both north and south of the 
tagging areas. 
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COHO SALMON. In 26 experiments a total of 9326 coho salmon were tagged 
off B.C. from 1925 to 1951 of which 844 or 9 per cent were recovered (33, 122, 
125, 136, 147, 152,22·1, 225, 228, Milne unpub.). Comparison of early and more 
recent taggings shows that for the west coast of Vancouver Island experiments 
in 1925-27 a recovery of 6.1 per cent of 376 tagged fish resulted whereas in 
1950-51 , of 1426 fish tagged, 9.2 per cent were retaken. For taggings off the 
Queen Charlotte Islands in 1929-30, 6.3 per cent of 1828 tagged fish were 
recovered, while in 1951, 8.0 per cent of 614 tages were returned. For taggings 
at Sooke traps-157 coho in 1928 and 150 in 1951, the recoveries were 21.0 
per cent and 21.8 per cent respectively. 

The coho salmon radiated in more directions from the tagging areas and 
travelled shorter distances than the spring salmon. In general they appeared 
to move in all directions towards the numerous small streams along the coast 
which indicates the overlapping of many small populations. All tagged fish 
were recovered in the same year as tagged. 

From the west coast of Vancouver Island the majority of the recoveries 
were to the east and south, from the Fraser River and Puget Sound, with about 
10 per cent from the 'Washington coast. More were recovered from Puget 
Sound in the recent experiments than from those conducted 20 years ago. 

From the north-east coast of V.I. most of the tagged coho were recovered 
.from Georgia Strait and Fraser River (14 per cent of the total recoveries) with 
a few from Puget Sound (4 per cent). About 8 per cent of the total recoveries 
were made north of the tagging area. Approximately one quarter of the fish 
tagged at Sooke traps were recovered in Puget Sound and the remainder in the 
Fraser River. 

In the Gulf of Georgia the small cohos, called "bluebacks," radiated from 
the points of tagging in all directions and most probably remained throughout 
their lives in inside waters. The same indication of restricted movements was 
evident in various parts of Hecate Strait where the populations of many small 
coastal streams are involved. 

From the north-west coast of the Queen Charlotte Islands the recoveries 
ranged from Alaska to as far south as Vancouver Island. The recent returns 
from south-east Alaska were higher (29 per cent) than those recovered 20 years 
ago (19 per cent). 

In summary, the coho. salmon migrate shorter distances and in more 
directions from the point of tagging than spring salmon do. They also travel 
more slowly, and, as suggested by the greater length oj time between tagging 
and recovery for equivalent distances, appear to wander more during both 
their feeding and spawning migrations with the result that the populations 
are more restricted, although fish recovered in the Fraser River have been tagged 
as far north as the Alaska boundary and as far south as Oregon. 

MARKING EXPERIMENTS. The only experiments in B.C. were conducted at 
Cowichan River, V.I., from 1937 to 1944 when 450,000 spring salmon and 
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650,000 coho salmon were marked (130, 131, 135, 139). Because no intensive 
search for ocean returns was made only 65 marked spring salmon were 
recovered, these taken throughout Georgia Strait and along the west coast of 
Vancouver Island. For coho salmon, 90 per cent of the 191 ocean returns were 
caught in Georgia Strait and the remainder off the west coast of Vancouver 
Island, the fish probably going around both ends of the island. The majority 
were taken in or ncar the home tributaries of Cowichan River. 

(b) Fluctuations in abundance. For the Fraser Ri,'er and Swiftsure Bank 
a detailed review of the early troll and net fisheries was made many years ago 
(217). Seasonal occurrence and changes in abundance of each species were also 
discussed. For the Skeena River, catches of both species have been studied 
(Milne ms.). The troll fishery in general is discussed by Milne (126). 

(c) Seasonal and depth occurrence. Spring salmon catches are made from 
April to September with peak landings in July. Coho salmon are caught from 
June to October with peak catches in August. Most of the spring salmon are 
taken by troll less than 10 miles from shore and at a depth of around 15 
fathoms, while coho are caught less that 20 miles from shore and around 5 
fathoms in depth. 

(d) Selectivity of fishing gear. Gill-net selectivity has been studied by the 
International Pacific Salmon Fisheries Commission. Selectivity of different 
type and sizes of trolling lures has been studied (Milne unpub.) indicating that 
spoons catch more fish than plugs and that for spring salmon the larger lures 
were taken by the larger fish. 

(e) Food studies. In order to determine what foods are taken in the ocean 
by spring and coho salmon-these species being more omnivorous species than 
sockeye, pink and chum-a number of stomach content studies have been 
made (190, 191, 192, 193, 194, 226, Milne unpub.). They reveal that fish, 
herring, and sand lance, and pilchard when available, are the main foods, 
augmented by various types of crustaceans. Coho salmon take a greater variety 
of food and consume more crustaceans than the spring salmon. 

B. Sampling of the catch to determine population characteristics. 

SPRING SALMON. Many age readings have been made (100, 103, 104, 126, 
128, 169, Milne unpub.). In the earlier years, 1928-30, 90 per cent of the fish 
were of 4 and 5 years and 78 per cent had gone to sea as fry. In more recent 
times the fish have been caught at younger ages. For spring salmon caught 
off Ucluelet in 1949, 84 per cent were in their 3rd year, compared to 28 per 
cent of this age group in the same area in 1926. Recent studies (Milne unpub.) 
show that spring salmon caught by trolling range from 2 to 5 years; the majority 
are in their 3rd year in southern waters, and in their 4th year in more 
northern areas. 

COHO SALMON. Age readings (101, 103, 104, 124, 131, 159, 169 and Milne 
unpub.) indicate that 95 per cent of the fish are in their 3rd year with 99 per 
cent going to sea as year-old smolts. Observations at Nile Creek (220) indicate 
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that some coho proceed to sea as fry, probably not survi\'ing the early transfer 
to salt water; observation at Cultus Lake (93) indicated that some coho remain 
in fresh water for 2 years, going to sea in the beginning of their third year and 
returning that fall. 

Growth rate studies showed (124) that coho double their weight in the 
final summer and that the "blueback" coho, presumably living entirely in 
"inside" coastal areas, weigh about one half as much as cohoes caught in 
"outside" areas. 

C. Spawning escapement studies. 

From Department of Fisheries Inspectors spawning ground reports the 
general escapement picture appears to be: 

SPRING SALMON. Approximately 500,000 fish spawn in the 200 or more. 
streams, about 75 per cent in 15 relatively large systems. The white springs 
spawn mainly in certain mainland streams. They enter the Fraser River later 
in the season than the red springs (224, 227). 

COHO SALMON. Approximately 3,000,000 fish spawn, the 15 best streams 
accounting for around 40 per cent. Coho salmon disperse widely and are to be 
found in almost all coastal streams and tributaries of rivers, even to the most 
remote creeks. 

Observations have been made on only one large river, the Cowichan, 
(132, 177, IS9) wi th reference to the size of the spawning populations and the 
characteristics of migration, as related to time, water flow, etc. A diurnal 
fluctuation in upstream movement was noted (lIS, 132), greatest movement 
occurring in the daytime, apparently related to light but not to water 
temperature, river discharge or tidal influence. 

The coho runs at Port John are also under observation, chiefly with 
reference to propagation (112, 113); similarly those at Nile Creek (220). No 
reports on migratory characteristics, losses, etc. has, as yet, been prepared. 

II. ASSESSMENT OF NATURAL PROPAGATION 

In view of the fact that spring salmon spawn normally in relatively large 
streams and in areas of fast water where field observations are difficult and 
no assessment of natural production can be made, except at great cost, very 
little information on fresh water survival, etc., has been obtained. 

A study has been made of the egg content of female fish and its relation 
to size of fish (SS); there are some records of the analysis of stomach contents 
of fingerling spring salmon taken in Shuswap Lake (36); examination of scales 
from spring salmon has shown (136, 169) that the individuals of this species 
may go to sea during the first year (SO per cent) or as yearlings; reference is 
made (135) to the effect of higher water temperatures, the result of diminished 
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river How and reduced forest cm'er, in causing the disappearance of an early
running population of spring salmon in the Cowichan RiYer. 

For coho salmon, more data have been collected. Since the species normally 
spawns in coastal streams or tributaries of larger rivers and the young fry spend 
one year in the stream or river prior to seaward migration, there are, as with 
the sockeye, two periods at .which production can be assessed, namely the fry 
and the smolt stages. 

A series of records for fry survival in two streams tributary to the Cowichan 
River, Vancouver Island, ]938-1945 (135) from known egg depositions gave a 
range of from ] 1.8 to 40.0 per cent for ]2 determinations and an average 
of 22.8 per cent. This average efficiency, high in comparison with similar data 
for pink and chum salmon fry production, is thought to result partly from the 
more stable condition of stream flow and bottom materials and less crowding 
of redds. Variations in production are considered to be due partly to predator 
activities and partly to prevailing water level conditions. The fry move down 
into the Cowichan River and remain there for a year during which time they 
are subject to loss from predators, unfavourable summer water flow and water 
temperature conditions, etc. A close correlation was found between the summer 
water levels of the Cowichan River and availability (abundance) of returning 
adults (]35). 

At two test areas, Nile Creek and Port John, young coho proceed to the 
sea both as fry and as yearlings. At Nile Creek (220) the fry are believed to 
drop down into the intertidal zone where, on the basis of tests made, the 
majority probably die. For both test areas the yearling production. based on 
eggs deposited, is relati"ely low (113, 220) ranging from 0.7 to 2.1 per cent. In 
a quite different habitat where the coho spawn in tributaries to a lake and the 
young fish remain in the lake for a year (93), although a small fry migration 
does occur, production of seaward migrants is very low, 0.13 per cent of eggs 
in spawners. It is indicated that most of the coho fail to migrate, remaining 
in the lake into their second or third year. 

Records from Nile Creek and Port John reveal that a relatively good 
return of adults from smolt migrations may occur. Kilc Creek data show a 
return of 3.2, 4.9 and 9.9. per cent of yearlings released (220) while the Port 
John records are: 7.0, 7.2, 3.8, and 19.1 per cent of smolts r~leased. A return 
to Cultus Lake (93) of marked coho showed an ocean survival of 8.] per cent. 

In addition to the above investigations of the natural production of fry 
and yearlings, studies have been made of 

(a) the egg content per female in relation to size (88) and average egg 
content in samples from test streams (113, 220), 

(b) seaward migrations, with particular reference to numbers, size, age, etc. 
(56, 84), 

(c) coho salmon as predators of young sockeye . 
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APPENDIX V 

Studies to Devise Useful Prediction Indices 

At the present time the only measure of the likely abundance of any species 
of salmon coming in from the ocean to a river system or coastal area is the 
extent of the spawning in the previous cycle year, as reported by Department 
of Fisheries Inspectors annually after careful observation of the spawning 
areas. This measure can be and frequently is quite misleading since climatic 
and stream conditions can cause wide fluctuations in the efficiency of production. 

For sockeye it has been found, on the Skeen a River (16), that a statistically 
significant relation exists, for the years 1920 to 1934, between August and 
September precipitation and the size of the commercial catches, with amount 
of seeding held constant. It has been shown, also, that percentage return from 
the ocean is affected by the size of seaward migrants (85) which, in turn, is 
related to the number of young sockeye reared in a lake with a limited rearing 
capacity. 

For pink and chum salmon correlations have been found between stream 
level or discharge at or soon after spawning and the date of the subsequent 
populations (137). For Port John (Hunter unpub.) a negative correlation has 
been found between stream discharge in October and pink salmon survival in 
the following spring. For central coast area pink salmon populations multiple 
correlations calculations indicate (W'ickett ms.) that rainfall and number of 
spawners together account for 60 per cent of the variation in the stocks during 
the last 26 years. Vancouver Island chum salmon stocks varied with the brood 
year November stream discharges. Heavy floods were associated with marked 
decline in subsequent cycle years (141). 

For coho salmon, a close correlation was found between summer water 
lev~ls and the size of subsequent stocks of fish .(135, 124). 

In view of the questionable nature of spawning escapement estimates as 
a measure of subsequent cycle production, consideration has been given to 

using estimates of seaward migrations as a better gauge. In this case no highly
fluctuating fresh water mortalities are involved and only the varying ocean 
mortalities, thus far assumed to be relatively stable, are of concern. For 
example, a good correlation has been established between the output of pink 
and chum salmon fry migrants from a particular stream (Hooknose Creek. 
Port Joho) and the subsequent return of adults to the same stream (Fisheries 
Research Board of Canada, Annual Report for 1952. pp. 90-92). 

Tests of the feasibility of such procedure for larger areas are being made 
for sockeye (232) and pink salmon (142). They involve means of obtaining a 
reliable index of numbers of seaward migrants and methods of sampling for 
population estimates are being tested. In addition, a system of setting up 
certain "key" streams in each Inspector's area for frequent observation and 
report was devised_ Suitable report forms were prepared, field apparatus for 
sampling redds, recording stream le\'els and temperatures, were obtained. No 
assessment of the success of the project has yet been made. 
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APPENDIX VI 

General Studies to Increase Understanding 

(a) The relation of physical aspects of environment to various stages of 
salmon development. The lethal limits and preferred levels of temperature 
have been established for all five species of Pacific Salmon (18). The ultimate 
upper lethal temperatures for each species were: spring-25.l o C., coh0--25.0°C., 
sockeye-24.4°C., pink-23.9°C., chum-23.8°C. The lower lethal temperatures 
for highest acclimation, 23°C., were: spring-7.4°C., coh0-6.4°C., sockeye-
6.7°C., chum-7.3°C. Comparatively little difference in preferred temperature 
was recorded experimentally, either between species or for differences in 
acclimation amounting to 15°C. in some cases. The region of greatest preference ' 
hty in the 12° to 14° stratum. 

Maximum sustained swimming speeds of yearling coho have been 
determined (data on file) at temperatures ranging from 1°C. to 20°C. and 
similar tests on four species at the fry stage have been begun. 

The critical level at which oxygen concentration becomes lethal to chum 
salmon eggs has been found to be approximately 2.0 p.p.m. at 5°C. 

Tolerance of sockeye fry to varying levels of salinity is being investigated. 

Responses of coho and chum salmon fry to current (119) indicate a positive 
reaction to changes in water flow by swimming against the current. Magnitude 
of response varies with intensi.ty of current, currents giving optimum response 
differing for the two species. 

Behaviour patterns of young sockeye, chum and . coho are compared (109). 
Sockeye and chum fry are schooling fish responding positively to current and 
avoiding shallow water.' Chums, however, form more active schools and have a 
less marked cover reaction. Sockeye smolts, in contrast to coho smolts, are more 
active, show little thigmotactic and territorial behaviour and a more persistent 
response to current. Experimental findings are discussed .in relation to the 
migratory behaviour. 

Rheotactic response of chum fry, sockeye fry and smolts and coho fry and 
smolts have been studied under varying temperature conditions (116). Rheotaxis 
is predominantly positive at lower temperatures but frequently becomes actively 
negative at higher temperatures. A positive response was usual at temperatures 
normally prevailing during seaward migration. 

The effect of some hormones on behaviour of salmon fry have also been 
tested (1l0). Chum and coho fry, when immersed in solutions of methyl 
testerone, synthetic thyroxine and thiourea show no new behaviour pattern. 
Chum fry exhibit quantitative changes in swimming rate and intensity of 
schooling. 

A study has been made of the changes in body chloride, density and water 



~. 

~':""'_.'-';O.;"_" _ 

SALMON OF CANADIAN COAST 39 

content of chum and coho salmon fry when transferred from fresh to salt 
water (12). Both species tolerated 50 per cent sea water. Chum fry survived 
direct transfer from fresh to sea water with a marked increase in body chloride 
during the first 12 hours followed by a return to normal between 12 and 24 
hours; coho fry, however, died within the first 36 hours, after a 60 per cent 
increase in chloride. When returned to fresh water after 12 hours in sea water, 
the body chloride, density and water content of both species regained normal 
levels within 10 hours. 

(b) Inter-specific cross breeding. Experiments have been conducted in
volving reCiprocal crosses of all species. (66). In one case-chum male and coho 
female, no fet:tilization occurred and in several tests, particularly those involving 
the coho, male or female, and the spring female, most of the embryos died 
either during development or at hatch. Reciprocal crosses of sockeye, chum 
and pink and of spring males with other species produced positive results. 
Male hybrids of the following crosses matured in their third year and their 
"fertility was tested on normal sockeye eggs: (in each case the male parent of 
the original cross is the first noted) chum sockeye, sockeye chum, pink spring, 
spring sockeye, spring pink, chum pink, sockeye pink, coho spring. Excellent 
hatches resulted in all cases. Both male and female hybrids matured in their 
fourth year but tests with normal sockeye could r:tot be made because of the 
earliness of the season. The hybrids were therefore interspawned. Sockeye, 
chum and pink appeared to cross most readily. Hunter (114) discusses the 
recovery of apparent hybrids of a pink-chum cross breeding at Port John. 

(c) Reproductive behaviour and se,xual development. Histological studies 
of chum salmon gonads (144) produce evidence of the presence of specialized 
tissue in the testes at spawning time. Bioassay established the presence of 
androgenic substance, probably testosterone, about equal in amount to that 
found in mammalian testes. 

Some study has also been made (Milne, unpub.) of the development of 
secondary sexual characters as salmon mature, particularly with reference to 
increase in snout length and in depth of body. 

(d) Factors in8uencing upstream migration of salmon. A number of field 
observations have been made in an attempt to indicate the influence of physical 
factors su(Ch as temperature, stream How, etc. For sockeye, from studies made 
at the junction of a tributary sockeye stream and the Fraser River (53), no 
obvious differences in temperature, pH or dissolved oxygen content which 
might be guiding influences were found. Tests of releasing tagged adults below 
a counting weir indicated (214) that though the fish might drop downstream 
and proceed some distance up a neighbouring one, they, in due course, return 
to the original. For pinks, volumes of stream discharge, particularly freshets, 
have a migration-stimulus effect (45, 157). A similar relation holds for coho 
salmon but in addition there is found to be diurnal variation (132) related 
to light intensity; and the run may appear in two distinct periods, early and 
late (177) even though bound for a single tributary spawning creek. . 



R. E. FOER~TEJ.: 

(e) Studies un identification of species, variations in meristic characters, etc. 
During the course of the salmon researches some miscellaneous studies were 
made on the identification of the species, as adults (3i), as young (90); counts 
of gill rakers and pyloric caecae in pink salmon (liS) were also obtained. 

(f) Salmon in the ocean. Aside from information obtained in the course of 
tagging operations, little study has been given to the development of salmon 
during ocean residence or to the reaction of salmon to oceanagraphic conditions. 
Data on troll-caught spring salmon (l\Wne, unpub.) show that all female fish 
over thirty inches total length or ten pounds in weight are maturing fish, 
according to egg diameter measurements. Males mature, however, at all sizes. 

Some preliminary studies have been made on young salmon found in 
Departure Bay area (9i7). The occurence of a heavy mortality of salmon in 
Cowichan Bay was investigated (94), the situation being found due to unusual 
oceanagraphic conditions, particularly oxygen supersaturation of the water, 
affecting the respiratory processes of the fish. Similar situations were found 
to develop for short periods in occasional years at the Sooke salmon traps 
during or immediately following periods of hot, calm ~\'eather. 

APPENDIX VII 

Studies of the Effect on Salmon Production of Industrial Projects and the 
Development of Methods for Eliminating or Ameliorating 

any Adverse Conditions. 

. (a) Guiding salmon during upstream ascent or downstream migration to 
avoid the adverse conditions produced by hydroelectric power dam installation, 
water impoundments, diversion canals, etc. Preliminary studies only have been 
completed. They have centred on three species at three locations: (1) deflecting 
migrating young spring salmon in a canal (23), (2) deflecting young sockeye in 
a large trough and (3) inhibiting the run of adult coho and spring salmon at a 
falls by the use of ohnox ious odors (I, 21, 24). 

Experimental success in guiding young salmon by the appropriate use of 
lights or the use of strands of chain hung vertically 2 to 4 inches apart in the 
path of the migrants shows promise. The general problems created by high 
dam installations have been reviewed (19, S3). 

(b) Correcting pollution problems. Construction of a pulp mill in an 
important salmon area, Alberni Canal, introduced the problem of the effect 
on the salmon runs of polluting effluents. The company involved sought 
scientific advice prior to installation and as a result (21S) erected a Kraft mill 
which, it was recommended, would cause no deleterious pollution under normal 
conditions of river flow, etc. 
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APPENDIX VIII 

Proposed Research Programs for Salmon 

Sockeye Salmon 

(I) it is proposed to continue the present studies on the natural production 
of sockeye in fresh water with particular reference to the relation of 
environmental factors to survival in order that (a) the factors limiting survival 
may be made known and the feasibility of taking corrective action assessed 
and (b) the probable effect of man-made changes in environment, such as 
removal of forest cover, construction of hydro-electric power dams, construction 
of water impoundments. agricultural development of land. introduction of 
irrigation projects, etc., may be ascertained and these changes made as innocuous 
as possible. 

Special study is to be given to the lake-residence stage of the life-cycle to 
determine the relation of the young sockeye to limnological conditions and 
to the existing populations of other lake fishes, with special reference to what 
factors cause wide fluctuations in production and how these may be remedied. 

(2) It is proposed to continue-at Babine Lake-the study of the production 
of smolts from different levels of adult spawning populations to ascertain what 
might be considered an optimum spawning escapement. 

(3) CONsidcration will bc givcn to thc factors govcruing agc at maturity and 
rcturn from thc occan. Five year sockeye weigh, on the average, from one-third 
to one-half more than four year fish (Skeena River, 6.5 Ibs. :4.9 lbs; Rivers 
Inlet, 6.9:4.4). It is recognized, however. that mortality occurs during the 
extra year's residence in the sea. Does the increased weight gained during the 
extra year compensate for the extra mortality occurring? Is the age at maturity 
a hereditary character, subject to control by breeding, or is it due to conditions 
for growth in the sea? 

In some years large numbers of precociously-developed males appear, of 
small size, which are not exploited by the gill-net gear. An explanation for 
this early maturity is required. also some understanding of the general effect 
on the sex ratios of thc commercial catches and of the escapements in the 
year or years. 

Pink and Chum Salmon 

While continuing most of the existing phases of inve~tigation. it is intended 
to pay increased attention to the following points: 

(I) Physical characteristics of spawning grounds. The objective is to 
establish specifications for stability. gravel size, porosity. oxygen requirements, 
etc.. for construction of new beds or diagnosis of suitability of existing ones. 

(2) Determination of the optimum size of escapements. in relation to area 
and other characteristics of available spawning grounds. This will entail a 
study of the results obtained from spawning populations of varying density-
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to contribute to the answering of the all-important question: \\That is a proper 
escapement? 

(3) Tests on the feasibility of establishing "off-year" runs of pink salmon 
in waters which currently produce fish only in alternate years. Despite lack 
of success in certain former attempts, it is felt that with additional information 
now at hand, and in view of the possible considerable benefits that might accrue 
further experiments should be made. A start is anticipated this year. 

Spring and Coho Salmon 

(I) It is recognized that more information is required on the fresh water 
phases of the life history, particularly with reference to natural propagation 
and factors limiting production. For spring salmon, no plans for immediate 
investigation in fresh water have been made but for coho pertinent information 
is being collected at Port John and Lakelse Lake field stations. 

(2) Growth-rate and food studies will be continued to ascertain the relation 
of general climatic and oceanographic conditions to the growth and well-being 
of the fishing during ocean residence. Food preferences will be determined to 
define the relationships to herring and other fodder fish; also to indicate the 
relation of depth distribution of the troll-caught fish to preferred food. 

(3) Gonad development studies wiII be continued with a view to assessing. 
in the troll fishery, the proportion of immature fish caught, areas of abundance 
of immature individuals, i.e., feeding areas, etc. 

(4) In view of the importance of tagging programs in tracing migratory 
routes and in estimating population size, it is proposed to study various 
methods of capturing fish for tagging in order to discover which type of gear 
causes the least mortality after the fish have been tagged and released. 
Experiments are also proposed to test different types of tags and techniques 
of tagging to determine the influence of these on tagging mortality and on the 
extent of loss of tags. 

Pacific Salmon-All Species 

A. Plans are being formulated to expand the study of the sea life of the 
various species of salmon, particularly the adult period when the fish are 
returning from the ocean· and passing through the coastal and river estuary 
fisheries. It is desired to know, firstly, to what extent the fishery exploits the 
incoming populations of salmon and, secondly, in what manner and to what 
extent the various forms of fishing gear have a selective effect upon the 
populations, in respect to sizes, sexes, time of migration, etc. A start will be 
made in the Skeen a River area in 1955. 

Sampling of the commercial catches will be continued. Since these samples, 
mostly taken from the gill-net fishery, may be of a selective nature an attempt 
wiII be made also to obtain a sample of the spawning escapement for comparison. 
By amalgamating the samples a general understanding of the character of 
the general population may be secured, so far as length and weight distributions, 
sex ratios, and age compositions are concerned. 
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B. A laboratory for experimenlal biology has been equipped to study the 
effects of temperature, salinity, oxygen concentralion and light on the tolerance, 
preference and activity of salmon (and other commercially important fishes) 
in the egg. fry, fingerling and adult stages. Studies to determine the relation 
of the physical aspects of the environment to the \'arious stages of salmon 
development have been begun and will be continued. 

C. Factors influencing the upstream ascent and downstream migration of 
salmon are presently under study (see Appendix VII,a), with particular 
reference to guiding them along certain paths or repelling them from others. 
The use of hanging chains has been found promising and further experiments 
are in progress. Other devices will be investigated. 

D. The development of suitaole prediction indices to arrive at a reasonably 
accurate estimate of returning adult salmon will be further investigated. These 
will involve (a) the use of seaward migrant estimates as a measure of population 
and (b) the ' relation of meteorological records for autumn and winter brood 
year seasons to estimates of adult return (commercial catches or catch plus 
escapement). 
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