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Analysis of Factors

Affecting the Production of Chum Salmon
(Oncorhynchus keta)

in Tillamook Bay®

KENNETH A. HENRY

INTRODUCTION

BACKGROUND TO THE PROBLEM

The commercial landings of chum salmon (Oncorhynchus keta) from
Tillamook Bay are of considerable economic importance to the people of
Oregon, particularly to the residents of Tillamook County. Tillamook Bay
(Figure 1) is located approximately 50 miles south of the Columbia River
and has five main rivers emptying into it. These five rivers are the Wilson,
Trask, Miami, Kilchis, and Tillamook, and although all of these rivers are
utilized to some extent by chum salmon for spawning, the Miami and the
Kilchis Rivers appear to be used most.

Chum salmon are known to occur in varying numbers as far south as
the Salinas River in California (Snyder, 1931) ; along the Oregon, Wash-
ing, British Columbia, and Alaskan coastlines; in some of the rivers of
Siberia; on down the coast of Korea to the Tumen River; and along the
west shore of Honshu Island of Japan as far south as the Joganji River
(Davidson and Hutchinson, 1938). However, Tillamook Bay appears to be
the farthest location south on the North American coast that these fish
are caught in any great numbers.

It is important that a thorough analysis of a particular fishery be made
to aid in the proper understanding and management of that fishery. In
the past chum salmon have not been investigated to the extent that the
other species of salmon have, although some work has been done in Alaska,
on. Puget Sound in Washington, and particularly in British Columbia. There
have also been a few studies conducted on the chum salmon of the Colum-
bia River, particularly a rather comprehensive report by Mara. (1944).
However, no extensive studies have been conducted on this species south
of the Columbia River.

STATEMENT OF THE PROBLEM
This paper deals with the factors affecting the production of chum salmon.

It is quite important in the proper management of any fishery to have a

CD Based upon portions of a thesis accepted by the Graduate School, Iowa State College, in partial
fulfillment of the requirements for the degree of Master of Science.
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thorough understanding of the relative importance of the various factors
affecting the production of the fishery and then, if possible, to isolate the
factor, or factors, which appear to have the greatest influence on the result-
ing production. It may be that such a factor, if one could be isolated, would
be one that man could control, such as fishing intensity, or it may be some
environmental factor such as rainfall over which man has no control. In
either case, the isolation of such a factor would be extremely worth-while
in the management of a fishery, particularly as a means of predicting the
future abundance of the fish.

It was the search for some method of predicting the yearly production
of chum salmon which provided the basis for this study.

It would also be very advantageous to the fishermen to be able to know
in advance just how large a certain run of salmon would be. If indications
were for a large run, more fishermen would perhaps be induced to fish,
and therefore a more complete utilization of the crop would be obtained.

COMMERCIAL FISHERY

HISTORY OF THE FISHERY

Relative Importance of Different Fisheries
Before considering the main problems of this paper, it would perhaps

be worth-while as well as interesting to give a brief resume of the commer-

Figure 2. Annual landings of chum salmon caught by the commercial fishery of Oregon.
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cial salmon fishery on Tillamook Bay, particularly regarding the magni-
tude of the catches. Chum salmon are caught not only in Tillamook Bay,
but also from time to time a relatively few have been taken in the Siletz,
Yaquina, Siuslaw, Umpqua, and Alsea Rivers. The Nestucca River, about
25 miles south of Tillamook Bay, also has a chum salmon run of unknown
magnitude, but this river has been closed to commercial fishing in recent
years. The Nehalem River, about 10 miles north, is the only other Oregon
coastal river south of the Columbia River where chum salmon are caught
in appreciable numbers. However, the landings on Tillamook Bay are
greater than those of all the other coastal rivers combined. This fact is
depicted in Figure 2 where total chum landings by pounds for the entire
state of Oregon, all the coastal rivers, and Tillamook Bay itself are pic-
tured. The difference in poundage between total Oregon coastal river land-
ings and total Oregon landings represents the fish landed on the Oregon
side of the Columbia River. From this figure it can be seen that, for the

Table 1. Commercial landings of chum salmon for Oregon
(thousands of pounds).

Total	 Total Oregon
Oregon	 Coastal Rivers

Year	 Landings	 Landings

Tillamook
Bay

Landings

1928 	 5,773 3,160 2,804
1929 	 2,426 1,283 1,171
1930 	 666 265 234
1931 	 1,716 1,168 947
1932 	  817 98 89

1933 	 1,235 667 552
1934 	 1,058 429 336
1935 	 1,203 750 572
1936 	 1,871 1,316 1,189
1937 	 1,567 519 438

1938 	 1,989 859 725
1939 	 1,250 546 427
1940 	 1,303 592 439
1941 	 4,587 2,116 1,756
1942 	 5,908 2,847 2,651

1943 	 939 398 379
1944 	 530 378 361
1945 	 1,167 809 777
1946 	 1,071 528 482
1947 	 683 396. 374

1948 	 1,583 923 895
1949 	 724 445 436
1950 	 200

most part, the Tillamook Bay landings of chum salmon nearly equal those
of the Oregon side of the Columbia River and in certain instances even
exceed them. It is quite evident that the Tillamook Bay chum salmon
fishery is an important fishery. These landings are also listed in Table 1.

At times the ocean trollers catch a few chum salmon, but the number

8
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is believed to be insignificant. It might be well to mention that it is
possible that the number of chums caught in this manner may be greater
than is indicated by the size of the landings. For example, in 1950, 254
chinook salmon (0. tshawytscha) and 530 silver salmon (0. kisutch) , caught
by ocean trollers, were tagged by biologists of the Oregon Fish Commission.
Two of these tagged fish, identified as silver salmon at the time of tagging,
were later captured in the commercial fishery of British Columbia and
reported as mature chum salmon. Unfortunately, no biologist verified this
report, but if it were true, it may be that a portion of the catch of the ocean
trollers, although listed as silver salmon, is actually chum salmon, and
therefore this particular fishery would have a more important effect on
reducing the stocks of these fish than is attributed to it at the present time.

Fishing Regulations and Types of Fishing Gear Used

The fishing season on Tillamook Bay extends from August 15 to De-
cember 10. Prior to 1946 the fishing season extended into the following
year. Gill-nets are the only type of fishing gear used commercially, with
drift-nets being allowed the entire period and most set-nets allowed only

1939	 19 41	 19 43	 19 45	 19 47	 1949
OCT.	 OCT.	 OCT.	 OCT.	 OCT.	 OCT.	 OCT.	 OCT.	 OCT.	 OCT.	 OCT.

NOV.	 NOV.	 NOV.	 NOV.	 NOV.	 NOV.	 NOV.	 NOV•	 NOV.	 NOV.	 NOV.
DEC.	 DEC.	 DEC.	 DEC.	 DEC.	 DEC.	 DEC.	 DEC.	 DEC.	 DEC.	 DEC.

Figure 3. Commercial landings of Tillamook Bay chum salmon for October, November, and December.

from October 15 to December 10. There are a few set-nets on the upper
bay which are regulated to fish only through November 30. Furthermore,
there is a week-end closure from 6:00 a. m. Saturday until 6:00 p. m.
Sunday from August 15 to October 15. There have been some changes in
the fishing regulations during the past few years such as delaying the
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opening date from May 15 to August 15, changing the closing date to De-
cember 10, and moving the commercial fishing deadlines down in some
of the rivers entering Tillamook Bay. However, these changes were pri-
marily for the benefit of chinook salmon and have had little effect on the
chum fishery.

The set-nets fish principally for chums, and the peak of the run generally
coincides with the time they are allowed to fish—the latter part of October
through November. This is more clearly shown in. Figure 3 where the land-
ings are listed for the months of October, November, and December. It is
clearly evident that by far the major portion of the catch is made in
November. This information is also given in Table 2 where all the months
that have landings recorded are listed.

Virtually all the chums are caught during the period from September
through December, so probably most of the landings listed for the other
months, particularly January, represent fish caught during these 4 months
and not reported until the later date, although some may also be silver
salmon which, because of their poor condition, were listed as chums.

ANNUAL LANDINGS

Figure 4 shows the trend of the Tillamook Bay chum landings since
1923. Table 3 lists the landings by year along with the number of gill-net
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Figure 4. Annual landings of chum salmon caught by the commercial fishery on Tillamook Bay.
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and set-net licenses issued. There are, in addition, considerable quantities
of other species of salmon caught in Tillamook Bay. These are primarily
silver salmon and chinook salmon; once in a great while a pink salmon
(0. gorbuscha) is also caught. However, chum salmon are usually most
abundant. For example, from 1928 through 1949 chum landings have aver-
aged 819,689 pounds per season while silver salmon have averaged 353,474
pounds and fall chinooks 319,360 pounds (fall chinooks are specified be-
cause in the past there has been an extensive fishery for spring chinook in
this bay, but these fish are no longer available to the commercial fishery).
This difference in poundage landed has been even more pronounced in
recent years. In 1948 there were approximately 895,000 pounds of chums,
185,000 pounds of silvers, and 176,000 pounds of fall chinooks landed from
Tillamook Bay. For the 1949 season there were aproximately 436,000 pounds
of chums, 158,000 pounds of silvers, and 200,000 pounds of fall chinooks.

Table 2. Commercial landings by month of chum salmon for
Tillamook Bay (pounds).

Year	 July	 Aug.	 Sept.	 Oct.	 Nov.	 Dec.	 Jan.	 Feb.

1928-29 	 	 9	 235	 360 136,758 2,579,925	 86,916	 211 	

1929-30 	 	 27	 162	 19,539 1,110,610	 39,915	 54	 372

1930-31 	 	 9	 171	 36,344	 187,470	 7,614	 1,323	 1,050

1931-32 	 	 30,738	 905,922	 8,801	 1,350 	

1932-33 	 	 85,977	 280 	 	 1,250	 1,250

1933-34 	 2,178	 36,336	 502,745	 8,239	 2,461	 ,

1934-35 	 	 14,373	 302,684	 15,822	 3,253 	

1935-36 • 	 	 81	 51,151	 511,430	 8,208 	 	 751

1936-37 	 	 65	 58,329	 930,468 199,272	 477	 567

1937-38 	 	 18	 46,450	 372,761	 17,667	 1,062	 288

1938-39 	 	 81	 45,578	 649,428	 23,049	 647	 5,906

1939-40 	 	 81	 13,180	 395,837	 14,388	 135	 3,098

1940-41 	 	 81	 87,593	 348,885 	 	 270	 2,094

1941-42 	 	 63	 89,456 1,653,170	 12,303	 63	 531

1942-43 	 	 20 111,203 2,508,554	 29,825	 418	 1,144

1943-44 	 	 17	 87	 12,400	 353,141	 12,895	 38	 898

1944-45 	 	 8	 16	 93	 22,314	 332,348	 5,749	 349	 99

1945-46 	 	 20	 42,213	 720,244	 12,822	 1,042	 913

1946 	 	 20	 10,931	 451,047	 19,922 	

1947 	 	 11	 85,753	 268,845	 19,055

1948 	 	 8	 16,535	 822,611	 55,855

1949 	 	 8,766	 417,421	 9,981

1950 	 	 39	 4,637	 162,775	 10,379
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Table 3. Commercial landings of chum salmon (thousands of pounds)
and number of fishing licenses issued for Tillamook Bay

LICENSES

Year	 Landings	 Gill-net	 Set-net

1923 	 	 644
1924 	 	 854
1925 	 	 931
1926 	 	 244
1927 	 	 1,764

1928 	 	 2,804
1929 	 	 1,171
1930 	 	 234
1931 	 	 947
1932 	 	 89

1933 	 	 552	 66	 167
1934 	 	 336	 70	 157
1935 	 	 572	 94	 211
1936 	 	 1,189	 79	 197
1937 	 	 438	 65	 166

1938 	 	 725	 70	 156
1939 	 	 427	 70	 172
1940 	 	 439	 72	 166
1941 	 	 1,756	 62	 174
1942 	 	 2,651	 59	 201

1943 	 	 379	 73	 207
1944 	 	 361	 71	 208
1945 	 	 777	 82	 207
1946 	 	 482	 90	 216
1947 	 	 374	 113	 123

1948 	 	 895	 106	 145
1949 	 	 436	 97	 159
1950 	 	 200

LIFE HISTORY AND FACTORS AFFECTING PRODUCTION

GENERAL FEATURES OF LIFE HISTORY

It may be desirable at this point to summarize briefly the life history
of these fish. Tillamook Bay chum salmon return from the ocean to their
native stream to spawn, apparently during the late fall of the third, fourth,
or fifth year of their life. The peak of the spawning takes place during
the latter part of November and early December, and most of the spawning
takes place in the lower few miles of the various tributaries. The young
fish begin emerging from the gravel about February, and by late March
these young fry are quite abundant in the stream. Table 4 lists the results

12
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of fyke-netting operations conducted on a tributary of the Wilson River
in 1948, 1949, 1950, and 1951.

The first date listed was the first time the net was set that year. The
net continued to be fished periodically throughout the summer each year,
but no chums were caught after the last date shown. In 1950 a new, smaller
net was fished in conjunction with the old net, and the numbers in
parentheses represent the number of fish caught in the new net. In 1951,
the new, small net was the only net used. The nets were unsuccessful in
catching large numbers of fish and the results are no indication of abundance,
only of the time of appearance in the stream.

These fish remain in fresh water only a relatively short time, and by the
latter part of March and early April large numbers of them have already
moved down into the bay (Table 5). Here again, the first date listed was
the first time the net was fished that year, and seining was continued
periodically throughout each summer, but no chums were caught after the
last date shown in this table.

Large schools of these fish may be observed swimming around the bay
for a few weeks, but they soon move on to the ocean to return in 3, 4, or 5
years to spawn and die and thus complete their life cycle. Of course, the
specific time each of these various phases of their life cycle occurs may
vary by several days or even weeks, from one year to the next, depending
on environmental conditions; however, the general times mentioned above
roughly approximate the time of occurrence in the majority of the years.

ANALYSIS OF INDIVIDUAL FACTORS

The possible factors which may affect the production of salmon for any
particular river are numerous. We shall follow a hypothetical population
of fish throughout their life cycle, indicating the major known factors
which may possibly have an effect on the survival of these fish, and conse-
quently on their production, at the various periods throughout their life.

Variations in Age Composition
As a beginning for this analysis, we may imagine a group of chum

salmon approaching Tillamook Bay on their way to the spawning grounds.
The first aspect to consider is the ages of these fish. Based on 2 years
of extensive sampling, the majority of these fish appear to be 4-year-old
fish at the time of spawning; i.e., the eggs were spawned in the fall of say
1945, hatched in the spring of 1946, and the majority of the fish returned
as 4-year-old fish in the fall of 1949.

The possibility always exists that the percentage of the population repre-
sented by 4-year-old fish may be quite small in certain years. Such changes
have been noted in other areas (Pritchard, 1943). Later on in this study
an attempt has been made to correlate the size of the salmon runs, as
measured by the commercial landings, with certain factors. The relation-
ships are based on the assumption that the great majority of the fish
returning each year are 4-year-old fish, and if this assumption were not
true to a very great extent, it could have a serious effect on that analysis.

A limited sample of 65 fish in 1947 actually consisted of only 66.2 per cent
4-year-old fish, and the approximate 95 per cent confidence interval for

14
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the true percentage of 4-year-old fish was from 54.7 per cent to 77.7 per
cent. Thus, if this sample was completely random and was indicative of
the actual population values, it is obvious that the assumption that a very
high percentage of the fish mature at 4 years of age is incorrect for certain
years. In, view of the small size of this sample, and because it is not known
just how this particular sample was obtained, too much importance should
not be attached to it at the present time. Extensive sampling of the land-
ings for a number of years should definitely settle this problem.

As an example of the difficulties this particular problem could cause,
see Table 6 where a few hypothetical figures have been gathered. For
this table it was assumed that the size of the resulting run of salmon is
determined by various factors while the young fish are in fresh water,
and from that time on the number surviving is a constant percentage of
the particular brood. If it were possible to discover what these factors were
and to determine the exact relationship between them and the magnitude
of the production from any one spawning, it would be possible to predict
the size of the population of fish in any particular year. For example,
under the assumption that all the fish return at the end of 4 years, if the
number of fry reaching the ocean from any one year's spawning, say 1948,
were twice the number accomplishing this feat the following year, 1949,
then twice as many fish would be expected to return in 1952 as would be
expected to return in 1953.

Several such possible expected returns under the 4-year-old assumption
are listed in column 1 of Table 6. In columns 2 and 3 are shown what would
happen if the characteristics of the population were such that the fish
tended to mature in some relationship other than as 100 per cent 4-year-
olds. Thus, column 2 shows what the yearly returns would be if 50 per cent
of the fish matured as 4-year-olds, 30 per cent as 3-year-olds, and 20 per
cent as 5-year-olds. It is obvious that this digresses considerably from the
values expected on the basis of the assum ption that they all mature as
4-year-olds. Likewise, in column 3 are the returns if 90 per cent matured
as 4-year-olds, 8 per cent as 3-year-olds, and 2 per cent as 5-year-olds. It is
apparent that if the percentage of the age classes other than the 4-year-old
fish were very large the results would be quite confusing, and any attempt
to correlate the size of the runs with Possible influential factors 4 years
previous would be almost impossible, unless the actual composition of the
stock were known each year. It may probably be concluded from these
computations that if the 4-year-old fish comprise more than about 90 per
cent of the run, and the age studies completed (except for the one in 1947
mentioned above) seem to indicate that this is the situation for the Tillamook
Bay fish, the assumption that all the fish are 4 years old may be used in
predictive studies.

Fishing Intensity

If we consider the returning adults to be primarily 4-year-old fish, the
next factor which may have an effect on the production would be the
activities of the commercial fishery. Unfortunately, there is no exact meas-
ure of the fishing intensity on this bay. Past records are such as to make it
virtually impossible to obtain any reasonable measure of fishing intensity
such as number of nets fished, number of fishermen-days, etc. The only

16



exact data available for past years are the numbers of commercial fishing
licenses issued for this bay each year (Table 3). Even these records are
misleading in that many fishermen apparently purchase a license, partic-
ularly for a set-net location, but do not fish, and it has been impossible to
determine to what extent this has occurred. However, according to the
local fish buyers and the early day fishermen, more or less the same group
of fishermen have been fishing on this bay year after year and the actual
fishing intensity has remained fairly constant.

It is certain that economic conditions have had some influence on the
fishing intensity for chum salmon. In more recent years the war time
activities created virtually an unlimited market for all species of salmon, but
this has not always been the case. In certain years this species of salmon
was valued so low that there was virtually no incentive for the fishermen
to fish for it. This was particularly true in 1932 which, according to the
fishermen, had a much better run than is indicated by the size of the landings.
Most of the fishermen state that they did not even bother to sell the chums
which they caught that year. Nevertheless, in view of the relatively constant
number of fishermen each year, it was assumed for the purposes of this paper
that fishing intensity has remained constant from year to year.

If the fishing intensity remains constant, as was assumed for Tillamook
Bay, the commercial landings are actually a measure of the availability of
fish, and in using them as a measure of abundance, the assumption is made
that the catch is a constant percentage of the number of fish present. Then,
variations in the annual catches may be expected to reflect actual fluctua-
tions in abundance. Furthermore, for the landings to give an accurate
measure of the abundance of fish, the average size of these fish should re-
main fairly constant from year to year so that a larger catch would not
simply result from the same number of larger fish. The magnitude of the
fluctuations in the size of the landings from year to year is so much greater
than any variation in average weight (Table 7) , that it appears to be com-
paratively safe to use the size of the landings as an estimate of the abundance

Table 7. Average weight of commercially caught Tillamook Bay chum salmon.

Year

Number of
Fish in
Sample

Average
Weight

(pounds)

1943	 	 13,481 10.09
1944	 	   7,819 10.07
1945	 	   9,926 10.70
1946	 	 12,814 10.61
1947	 	 12,084 10.43
1948	 	 28,693 10.02
1949	 	 7,505 11.13

of fish. Before moving on to the next factor it would be well to emphasize
the fact that some measure of fishing intensity is definitely needed for this
fishery, and any future records should be such as to give this information.

Size of Parent Population

The next factor to consider which may have an effect on the production
of these fish is the size of the parent run. There appears to be disagree-
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ment among some fishery biologists concerning this particular matter
for various fishes. Jarvi (1948, p. 8) states, "One of the basic conditions
for the birth of a numerically important year class is an abundant parent
generation." Also, Cramer and Hammack (1952, p. 8) state, "It is interesting
to note that there appears to be some correlation between the abundance
of adult salmon moving upstream and the number of young salmon caught
per hour of fishing effort on the crop produced by that spawning population."

Pritchard (1948a, p. 233) states, "Within certain limits . . . and reason-
ably uniform climatic conditions, the smaller seeding of pink salmon will
generally provide the greater efficiency of hatch."

On the other hand, Huntsman (1931a) states that he found no particular
relation between the quantity of salmon in one year and that of the progeny
in the proper subsequent year. Russell (1942, p. 83) states, "So far as
we know at present, there is no obvious correlation between the number of
eggs spawned and the number surviving to reach the catchable stock, in
any of the important species." Finally, Hile (1941), although working with
a different species, also found no apparent relation between the numbers of
spawners and production.

The most logical explanation for the relationship between numbers of
spawners and production would appear to be similar to that presented by
Herrington (1948) in his discussion on haddock. He represented this rela-
tionship by a somewhat bell-shaped curve. For a small number of spawners
there is a small production of offspring, and up to a point, as the number
of spawners increase so does the production. At a certain point, however,
the number of spawners become too numerous for complete utilization, be-
cause of overcrowding on the spawning grounds, and from that point on
production actually decreases with an increase in the number of spawners.

For salmon populations it is quite obvious that if the number of spawners
is extremely small, there will not be much production. On the other hand,
if the parent run is so tremendously large as to greatly overcrowd the
spawning grounds, then the dislodging and destruction of redds and eggs
by the superimposition of later runs of fish on the same spawning grounds
and also the increased competition for food could cause an extremely dis-
proportionate mortality. This latter situation may have been the cause of
the situation reported by Pritchard (1948a) when he observed that often
the larger the number of pink salmon adults that went upstream, the less the
efficiency of the hatch. Between these two extremes it appears that there
is usually sufficient numbers of spawners to insure a potential production
of almost any magnitude and that, within this range, factors other than the
size of the parent run have a dominating effect on abundance. Thus, referring
again to Figure 4, it will be observed that the parent run of 1936 produced a
much smaller run in 1940 as measured by the commercial landings. On the
other hand, the 1937 parent run, although smaller than the 1933 run,
nevertheless produced a run of much greater magnitude in 1941.

Fall Water Levels
After passing through the fishery, these fish enter the fresh water phase

of their life cycle, a phase which appears to be very important to their sur-
vival. At this point a factor which may have an effect on production is the
amount of water available in the streams. Pritchard (1936) reported that
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he found a significant correlation of the number of pink salmon adults
migrating daily from the seas to the spawning areas in a creek, with the daily
rainfall in the region and the maximum daily water height in the stream.
Thus, it could be that in years of extremely low fall flows, a significant
portion of the adult run may not migrate upstream far enough to reach
suitable spawning grounds, and consequently a considerable amount of
spawn could be lost. For the present, the problem of the importance of
water conditions will be passed over; it will be discussed more thoroughly
later in conjunction with other fresh water environmental factors.

Success of Spawning

The next step in the life cycle of these fish which may have an effect
on their abundance is the success or failure of spawning. If for some
reason a sufficiently large percentage of the females failed to spawn suc-
cessfully, or a large percentage of the eggs failed to be fertilized, it could
possibly create a significant decrease in production and abundance. There
are no data available on these factors for Tillamook Bay chum salmon, but
from the results on different species of salmon in other localities it appears
that natural fertilization is quite successful.

Foerster (1938, p. 155), working with sockeye salmon (0. nerka) which
generally average approximately 4,000 eggs per female, found that over
75 per cent of 471 specimens examined contained 20 or fewer eggs after
spawning. Hobbs (1937, p. 26), in a remarkable piece of work, found that
quinnat (chinook) salmon of New Zealand, which generally average from
2,000 to 9,000 eggs per female, had an average of only eight eggs retained
after spawning. Kuznetsov (1938) found that only 1.6 per cent of the total
eggs available were retained by female chum salmon in the Amur and
Kamchatka Rivers. Furthermore, since 1947 all the Tillamook Bay chum
salmon carcasses found during spawning ground surveys have been ex-
amined for completeness of spawning, and the average number of eggs
remaining after spawning has been well under 100 eggs per female. Female
chum salmon generally produce approximately 3,000 eggs. Therefore, the
completeness of spawning can be considered as only having a minor effect
on production.

Predation

Predation undoubtedly has some effect on the abundance of these fish,
although it is extremely difficult to say just how much. For sockeye
salmon Ricker and Foerster (1948) brought about a 55 per cent increase in
production through predator control. However, whereas sockeye salmon
spend several months or even years in fresh water, chum salmon remain
in this environment for only a few weeks. Wickett (1952, p. 9) in discussing
some experiments conducted in a controlled area in British Columbia states,
"About 50 per cent of the chum fry had been escaping the predators, but,
after the predators were removed, over 80 per cent escaped."

Predation may occur at various periods of the fresh water residence
of salmon. The adult fish are exposed to predators, either animal or man,
prior to and during spawning. There has been a small amount of poaching
of these fish on the spawning grounds, but this concerned only a very in-
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significant portion of the total population. Likewise, there has been no
evidence of any animal predation on the adults. Predators, particularly
in the form of trout, are known to feed on salmon eggs at the time of
spawning. However, the eggs which they are able to eat are generally
those which are carried down past the redd by the current at the time of
deposition, and Hobbs (1937, p. 71) has demonstrated that only a very small
percentage of the eggs fail to settle in the redd. Finally, the fry are also
subject to predation, principally by trout and yearling silver salmon. Ap-
parently fry predation, or at least the mortality of fry in their fresh water
habitat, is of considerable magnitude. Neave (1947) found by a marking
experiment that 38 per cent of the chum salmon fry migrating downstream
in a small Canadian coastal stream disappeared between two weirs 0.7
mile apart. However, it is not known what part of this mortality was due
to natural mortality, losses by predation, losses due to unfavorable meteoro-
logical conditions, or losses due to marking mortalities. Ricker (1950) deter-
mined that predacious fishes at Cultus Lake consumed sockeyes almost
strictly in proportion to the abundance of the sockeyes.

Stream Flows and Temperature

From the time of fertilization late in the fall until hatching early the
following spring the eggs remain in the gravel where they are subject
to varying hydrographical conditions. Water conditions and temperature
have been found to be significant factors in the production of many different
species of fish. Davidson and Hutchinson (1943) have indicated the possible
effect of the rainfall and low temperatures in controlling the size of pink
salmon runs in the streams of southeastern Alaska. Wickett (1952) dis-
cusses experiments conducted on Vancouver Island where improved pro-
duction of chum and pink salmon fry was achieved in a section of gravel
over which a controlled flow of water 2 to 3 inches deep was maintained.
Huntsman (1938) concluded that a periodic scarcity of Atlantic salmon
was caused by fluctuations in rainfall affecting stream flows. Sund (1924)
found that years showing a winter poor in snow have contributed the
richest supply of cod fry. Jensen (1939) discusses the role of oceanographic
factors in determining the yield of mackerel in Danish waters. Their im-
migration from the North Sea seemed to be determined by the inflow of
water. Hile (1941) found an apparent correlation between abundance of
rock bass (Ambloplites rupestris) and high temperatures and heavy rainfall.

Kawajiri (1933) found that increases in temperature produced increases
in the hatching rate of rainbow trout, and similar temperature increases
resulted in faster death rates and decreases in the survival days of sockeye
and chum salmon fry. Doan (1942) analyzed the relationships existing be-
tween certain such factors (precipitation, temperature, turbidity, etc.) and
the abundance of some of the fishes of Lake Erie. There are many other
instances in which factors of this nature have been related to abundance,
but there seems to be no purpose in listing them all here. Doan's paper
contains an extensive bibliography on this subject, and if the reader is
interested in a more complete listing of such cases, and there are many,
he is referred to that report. Undoubtedly, there is a relationship existing
between the amount of water present and the amount of food available.
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Gravel Operations

Another factor of some importance may be the removal of gravel from
stream beds. This practice is permitted on some of the streams entering
Tillamook Bay. The gravel is scooped out directly from the stream beds
where the fish spawn, and• although it has not been possible to evaluate
accurately the damage done by these operations, it seems quite reasonable
to suppose that they are harmful to the fish. Most of the gravel removed
is taken from areas utilized by chums for spawning and undoubtedly numer-
ous eggs are destroyed. Furthermore, there is the more important silting
effect farther downstream caused by these operations.

Logging

Logging may also possibly be another fresh water factor influential in
limiting the production of chum salmon, not as a direct effect, but as a
cause of silting. The Tillamook Bay drainage has been subjected to some
very extensive forest fires in the past, and there is very little cover remain-
ing over most of this area. In addition there is a great deal of logging of
burned-over timber, and in view of the denuded nature of the land any
soil broken up during these logging operations is rapidly carried away by
surface water. Therefore, silting caused by logging operations may have
a very serious limiting effect on production. The eggs need a considerable
amount of oxygen during their development, and if the redds become suf-
ficiently covered with silt, the aerated water will not be able to reach the
eggs and they will smother.

Overall Fresh Water Effect

In view of the many factors of the . fresh water environment, which may
have an effect on the abundance of chum salmon, this period of their life
cycle is considered as perhaps being the most important. This importance
has been demonstrated to some extent for most of the s pecies of salmon.

Pritchard (1948a, p. 231), working on pink salmon whose period of fresh
water residence is quite similar to that of chum salmon, states: "The figures
for the 'efficiency of hatch' . . . leave no doubt whatsoever that the
greatest absolute mortality in the life cycle of the pink salmon occurs during
its fresh water existence from the time of the upstream movement of the
adults in the autumn until the end of the downstream migration of the fry
in the spring. The loss during this sta ge varies from 76.2 to 93.1 per cent
of the potential egg deposition."

Foerster (1936, p. 9) determined for the sockeye salmon at Cultus Lake in
British Columbia that the loss during a similar period of their life cycle
amounted to 96.84 to 98.95 per cent of the potential egg deposition. How-
ever, this species spends from 1 to 2 sdditional years in fresh water. In
another report on sockeyes Foerster (1938, p. 160) established an approxi-
mately 96 per cent mortality from fry to seaward migrants.

Hunter (1948) sampled redds in January in Canada and determined a
13.73 per cent survival for chum salmon and 3.18 per cent for pink salmon.
He also determined that downstream migrants represented a percentage
survival of potential egg deposition of 0.866 for pinks and 0.990 for chums.
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In another experiment (1949) he found an estimated overall survival of
50.77 per cent for combined samples of pink and chum redds up to mid-
winter (January and February). He also determined that downstream
migrants represented a percentage survival of potential egg deposition of
8.020 for pinks and 7.346 for chums—quite different from the previous find-
ings. Neave (1948), also working with Canadian fish, found the per cent
survival up to migration, based on the potential egg deposition, to be 3.0,
0.4, and 0.4 for three different chum experiments, and for pink salmon, an
average of 14.4 for six experiments and 5.7 for two experiments.

From the results of these experiments it is obvious that mortality in
fresh water is important; however, the many different results obtained for
the same species should be noted. This great variation in percentage sur-
vival for the same species from one year to the next is just what would be
expected to create the great fluctuations in the commercial catch from year
to year. Pritchard (1948b, p. 129) determined that the ratio of fry to eggs
(fry/eggs) for pink salmon in their fresh water phase may be at least 3.5
times as large one year as compared with another year. Furthermore,
mortality to fry stage ranged from 76.2 to 93.1 per cent of the potential egg
deposition. The relationship between fresh water environment and abund-
ance of chum salmon will be examined further in a later section, but for
the present let us continue the journey with the fish, examining the remain-
ing factors and thus completing the cycle.

Oceanic Factor

As mentioned previously, young chum salmon spend only a few weeks
in fresh water before migrating to the ocean. Where these fish go during
the 3, 4, or 5 years which they spend in the ocean is still a matter of con-
jecture. They are generally not captured by the troll fishery as are some
of the other species, and therefore the records of their movements are very
scarce.

Undoubtedly, changes in oceanic conditions during the residence of the
chum salmon in the ocean have some effect on their survival and conse-
quently on production. Storrow (1932) states that changes in the currents
of the ocean are responsible for variations in the success of year classes and
the consequent size of the commercial catch of salmon in the vicinity of the
Tyne.

The oceanic phase of the life cycle of most salmon is little known. There
have been few attempts to determine just how much mortality does occur
in the ocean for these fish. Foerster (1936, p. 13) marked some Cultus Lake
sockeye salmon fry which were migrating to the ocean. For one year's
experiment 3.7 per cent of these fish returned from the ocean; from the
other experiment 3.5 per cent returned. Pritchard (1948b, p. 129) deter-
mined that for the pink salmon surviving to migration, per cent survival
in the ocean may be at least 23 times as great one year as compared with
another year, and mortality in the ocean range from 93.25 to 99.71 per cent.
However, the absolute loss in the ocean was less than that occurring in
fresh water. Pink salmon, however, only spend approximately 2 years in
the ocean while the chums spend approximately 4 years, so it would appear
safe to conclude that the oceanic mortality of the chums is at least as
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great as that for pink salmon. Pritchard (1948b, p. 132) furthermore states:
"That the favorable or unfavorable level of survival shown when the fry
leaves the river seems to persist throughout the ocean phase of the life is
indicated particularly by the relatively low return in adults on the basis of
fry migrants in the seasons of poor hatch as compared with the relatively
high figures for seasons of good hatch."

In other words, a large number of fry leaving the river any particular
year would result in a large number of adults returning at maturity; con-
versely, a small number of fry leaving the river would result in a small
number of returning adults at maturity. If this were the case for chum
salmon, as well as pink salmon, it would mean that the limiting factors on
abundance occur during the fresh water phase of their life cycle, and mor-
tality sustained in the ocean would be a fairly constant percentage of the
population from year to year. Thus the cycle is completed.

DETERMINING A "PREDICTOR OF ABUNDANCE"

CORRELATION BETWEEN CERTAIN FACTORS AND
ABUNDANCE

As stated earlier, one of the principal purposes for this study was to
discover some means of predicting the size of the chum salmon, run return-
ing to the spawning grounds each year. Predictions of any kind are
generally extremely uncertain even with large quantities of reliable data,
as is clearly exemplified by erroneous weather predictions based on ex-
tensive data. Therefore, it is not surprising that attempts at predicting
such an extremely variable item as the size of fish populations, an item
which is influenced by many relatively unknown factors, have not given
satisfactory results in many instances.

Attempts at predicting the abundance of future populations of fish have
been tried before. Jensen (1939) made, predictions on the future yield of
mackerel in Danish waters based on observations of water movements.
These predictions were substantiated in 11 years and were not substanti-
ated in 3 years. Sette (1931, 1932, 1933, 1934) forecast the abundance of
mackerel by knowing the relative abundance of young fish. However,
he discontinued his forecasts because of inaccuracies.

From the previous discussion regarding the life cycle of chum salmon
it appears that their greatest mortality could occur during their fresh
water existence. In view of the known fluctuations in environmental con-
ditions it was felt that certain fresh water conditions should have an im-
portant relationship to the fluctuations in the abundance of these fish.
There are virtually an unlimited number of environmental factors which
might be related significantly to the resulting abundance of chum salmon
if the data for them were only available. Unfortunately, data for this
particular area are extremely limited. The United States Government has
maintained a river gauging station on the Wilson River since 1932, however,
so it was decided to limit consideration to possible effects of various combina-
tions of stream flow data. Inasmuch as all five of the main rivers entering
Tillamook Bay are located within a few miles of each other, it is believed
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that any fluctuations in the flow of one of these rivers would be accom-
panied by corresponding fluctuations in the other four rivers.

In the succeeding regression calculations for chum landings and stream
flow data, which will be summarized, the mathematical model used was

yi = /3o + f31x ei
where

yi = commercial landings for year i
)3's = parameters to be determined
x = value of particular environment factor
ei = deviation of actual yield from true yield

along with the assumption that the observations y are expressible as linear
functions of known variables x1 , 	  x„ with residual errors which are
normally and independently distributed with zero mean and constant
variance. The estimates of the parameters were obtained by the method
of least squares. Although the term 0 in the above mathematical model
does not enter into the actual computations, it is in accordance with sta-
tistical theory that the existence of such a source of error be recognized.
This deviation is caused by the use of a particular experimental unit and
the fact that the observations are subject to environmental or other un-
controlled causes of variation.

Logging may have some effect on the abundance of chum salmon. There-
fore, as an index of the amount of logging, total lumber production for
Tillamook and Lincoln counties was related to the size of the chum land-
ings 4 and 8 years afterwards. This factor had been demonstrated to have
some apparent effect on the abundance of silver salmon (McKernan, John-
son, and Hodges, 1950), but in the case of chum salmon there appeared to
be no significant relationship. The regression coefficients obtained were
b = —2.8809 for landings 4 years later and b = —2.8164 for landings 8 years
later. When these values were tested by means of a t-test under the null
hypothesis that S i = 0, the t values obtained were 1.15 (P .29) and 1.31
(P = .29), respectively.

There are several different periods during the fresh water existence
of chum salmon when stream flows may have an effect on their survival,
and consequently on the resulting abundance, but a Priori it was not possible
to determine which particular periods would be more important. There-
fore, it was decided to relate several combinations of stream flow data to
the size of the commercial catches 4 years (from spawning) later, assum-
ing that the catches are a true index of abundance. This procedure is
tedious, but viewing the problem from a practical standpoint, what was
desired was to find a "predictor" for future abundance, and if some com-
bination of stream flow data could serve this purpose, this procedure
appeared to be the most direct method to discover it.

There are three general periods of fresh water existence for chum
salmon: (1) when the adults are migrating upstream to spawn, (2) during
spawning and incubation, and (3) during hatching and the fresh water
period for the fry. During the first period it is possible that insufficient
flow may prevent the fish from reaching more suitable spawning beds.
During the second period extremely high flows with considerable silting
may cause many of the redds to be washed away or the eggs to be
smothered. Finally, during the third period extreme low flows may expose
many of the redds or create a shortage of food.
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Table 8 lists the various combinations of stream flow data utilized,
the regression coefficients, and the approximate probabilities of obtaining
such regression coefficients by chance alone under the null hypothesis
that Si 0 in the linear model. Flow data for the Wilson River were
available only as far back as 1932. The headings in this table should, perhaps,
be more fully explained.

Total Mean Stream Flows: the sum of the monthly mean stream flows
for each month listed.

Maximum (Minimum) Flows: the maximum (minimum) flow occurring
during the period listed.

Table 8. Regression coefficients (b) for regression of Tillamook Bay chum salmon
landings by the commercial fishery and certain stream flow data 3 or 4

years previous-1932 to 1948 (d.f. = degrees of freedom).

Total Mean Stream Flows:
b d.f. Probability

November-December 	 .03013 12 .73
January-Feb.-March 	 .15385 12 .70
Feb.-March-April 	  	 .02515 12 .82
Jan.-Feb.-March-April 	 .10900 12 .92
Nov.-Dec.-Jan.-Feb.-March 	 .32962 12 .62
Nov.-Dec.-Jan.-Feb.-1VIarch-April 	 .21113 12 .75
February 	 .13592 12 .60
March 	  .13657 12 .60

Maximum Flows:
December 	  	 -.01964 12 .95
January 	 -.29757 12 .55
February 	 .28362 12 .55
March 	 -.00374 12 .99
Nov. 1-8 	 .82909 13 .12
Nov. 1-10 	 .80608 13 .14

Mean Maximum Flows:
Nov.-Dec. 	  	 .18723 12 .69

Total Maximum Flows:
Dec.-Jan.	 	 -.10990 12 .70
Jan.-Feb.-March 	 .02799 12 .92
Jan.-Feb.-March-April 	 .05850 12 .81

Minimum Flows:
December 	 .04772 12 .95
January 	 .72028 13 .47
February 	 1.6127 13 .06
March 	 .56127 13 .40
Nov. 30-March 20 	 1.2164 13 .39
Jan. or Feb. 	 2.0724 13 .04
Feb. or March 	 1.7418 13 .10

Mean Minimum Flows:
Nov.-Dec. 	   .33130 12 .69
Jan.-Feb.-March 	 1.8008 13 .34

Total Minimum Flows:
Jan.-Feb. 	  1.0793 13 .08
Feb.-March 	 .63599 13 .16
Dec.-Jan.-Feb. 	 .58069 13 .20
Dec.-Jan.-Feb.-March 	 .53960 13 .14
Jan.-Feb.-March 	 .57654 13 .11
Jan.-Feb.-March-April 	 .28066 13 .39
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Mean Maximum (Minimum) Flows: the average of the monthly maxi-
mum (minimum) flows for each group of months listed.

Total Maximum (Minimum) Flows: the sum of the monthly maximum
(minimum) flows for each group of months listed.

It should be recognized that because of the manner of selecting and sub-
sequent sequential selecting of the various combinations of stream flow
data which appeared to be best correlated with the size of the appropriate
commercial landings, the probabilities listed in Table 8 can be regarded
as only approximate indications of the actual probabilities which exist, and
just how good an approximation they are is not known.

It will be noted in Table 8 that only the minimum flow for either January
or February gave results which appeared to indicate a significant relation-
ship between these factors. However, minimum flow for February, or for
either February or March, also gave results which seemed to indicate .the
existence of a relationship between these stream flow data and the size
of the commercial landings 3 years later; also, various combinations of total
minimum flow data for these 3 months gave similar results. (The commer-
cial landings 3 years later were used in this particular instance because chum
salmon eggs, although spawned during November and December, do not
hatch until the early part of the following year. Thus, in designating them
as 4-year-old fish, this means 4 years from the time of egg deposition, or only
3 calendar years from the time of hatching.) Apparently the months of
January, February, and March, which encompass the period of the hatching
of the eggs and the fresh water residence of the fry, constitute one of the most
critical periods in the life cycle of chum salmon. If the minimum flows
during this period decrease, there is, in most instances, a corresponding
decrease in the size of the commercial landings of chum salmon 3 years
later.

The significance of the minimum flows during this particular period
might possibly be explained by the fact that chum salmon spawn in nu-
merous areas that are underwater because of high water. In late January,
February, and March in particular, varying amounts of these areas be-
come exposed because of receding water, and the eggs and fry that these
areas contain are not able to survive. Therefore, the more area that re-
mains underwater—that is, the higher the minimum flow for this period—
the more fry there are that are able to survive and this is subsequently
reflected in the numbers of returning adults as depicted by the size of the
commercial landings. These redds could possibly be exposed during the
incubation period without causing serious mortality because the eggs
might be kept alive by seepage of water into the nests; however, after
hatching, the redds must be covered by water in order to enable the fry to
escape and to survive. Also, extremely low water flows at this particular
time may exert their influence on resulting abundance by having a restric-
tive effect on the amount of food that is available.

Through further selection of the data there was some indication that
the minimum flow occurring between the 15th of January and the 20th
of March produced the best relationship with the size of the resulting
run, as measured by the size of the landings of the commercial fishery
3 years later. For this relationship (Figure 5) a regression coefficient
was obtain of b — 2.05944 with an approximate probability of P=.01
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(d.f. = 14) under the null hypothesis that /31 = 0. Here again the probability
is biased to an unknown extent. The regression equation is

-493.6355 + 2.05944x.
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Figure 5. Relationship between the minimum wafer flows of the Wilson River, a tributary of Tillamook
Bay, from January 15 to March 20 and the commercial landings of chum salmon 3 years

later on Tillamook Bay.

It will be noted that the size of the 1949 landings was considerably
lower than was to be expected in view of the relationship just mentioned.
The minimum flow during the early part of 1946 was quite high, but the
commercial catch in 1949 was very small. Significant changes in the per-
centage of year classes as discussed earlier or considerable variation in the
fishing intensity could cause such a discrepancy. Also, there is the some-
what remote possibility that the method of measuring the water flows
may have changed in the last few years. However, in view of the apparent
importance of water flows to the survival of these fish, it was felt that
an examination of the water flow data might offer an explanation for
this apparent discrepancy.

By comparing the flow data for any particular year under observation
with the size of the commercial landings 4 years later, there was an indi-
cation that the flows during the late fall when the fish were returning
to spawn affected the size of the run 4 years later. Evidence on this
point appears in Table 8 where the regression of landings on maximum
flows for the first 8 and 10 days of November produced regression co-
efficients of b = 0.82909 (P = .12) and b = 0.80608 (P .14) respectively.

27



Furthermore, it appeared that the first freshet generally occurred earlier
in years which produced good runs and later in years which produced
poorer runs. For example, in Table 9 are listed data for 4 different years.
In 1938, the first flow of at least 400 second feet occurred only 2 days
after October 10 and the commercial landings 4 years later were very
good (2,651,000 pounds). On the other hand, in 1945 the first flow of at
least 400 second feet did not occur until 17 days after October 10, or 15
days later than in 1938, and the total commercial landings 4 years later,
1949, were quite small (436,000 pounds). The importance of the first few
days of November may be ex plained by the fact that the later the first
freshet is in appearing, the more fish there are which may tend to spawn
on the more unfavorable spawning beds of the main river where their
eggs and redds would be subject to more silting and scouring; consequently,
the less fish there are which enter the tributary streams, which may even
be dry, to the presumably better spawning grounds.

To examine this possibility October 10 was arbitrarily selected as a base
point and the number of days elapsing until a flow of at least 400 second
feet occurred was computed (400 second feet was arbitrarily chosen because
it was felt that a flow of this magnitude was a sufficient increase over
the usual low fall flows to induce the fish to enter the various tributaries
to spawn). The regression of the size of the commercial landings on the
number of days which elapsed each year until this flow occurred was then
computed. This result 'was not statistically significant, with b = 15.7482
(P = .22).

In view of the results obtained for these two factors, minimum flow
in the spring and number of days until a flow of 400 second feet, and the
size of the commercial landings 4 and 3 years later, respectively, it was
concluded that the minimum flow occurring during the spring has an im-
portant effect on the size of the resulting run, while the number of days
elapsing until the first noticeable increase in stream flow also exerts an
influence, the importance of which varies from year to year. If the mini-
mum flow occurring in the s pring were very low, this would definitely
be the limiting factor in production. However, if the minimum flow
occurring in the spring were quite high, then the numbers of fish which
reach the proper spawning grounds would tend to have a greater effect on
the resulting production.

In an attempt to substantiate the above supposition, the 4 years which
had the highest minimum flow axing the critical period (January 15 to
March 20), and should therefore be most affected by the lateness of the
first freshet in the fall, were examined separately. This presented an
extremely interesting picture (Table 9) .

Table 9. Relationship between number of days from October 10 until a flow of 400
second feet for the Wilson River and the size of commercial landings of Tillamook

Bay chum salmon 4 years later (selected years).
Commercial	 Mi mtm

Landings	 Flaw
Number of	 4 years Later	 (Jan. 15-

Year	 Days	 (lbs.)	 March 20)

1932	 	 5 1,189,000 795
1937	 	 6 1,756,000 821
1938	 	 2 2,651,000 945
1945	 	 17 436,000 967



For these 4 years the first flow of over 400 second feet was several days
later in 1945 than in the other 3 years. The fish which spawned that fall
were the ones which produced the aberrant 1949 run. The relationship
depicted by Figure 5 tends to indicate that if the minimum flow between
January 15 and March 20 is low, the landings three years later will also
be low. On the other hand, if the minimum flow during this period is high,
and there was also a relatively early freshet the preceding fall with high
flows the early part of November, the landings three years later will
generally be high.

It does not seem unreasonable to assume that natural conditions may be
so unusual one particular year as to affect the success of spawning for that
one year only. In this regard, it is extremely interesting to note that there
is a report in the Fish Commission of Oregon files from Mr. Ed Easterly who
lives alongside the Miami River, one of the principal chum producing rivers
entering Tillamook Bay. This report is dated November 29, 1945, and states,
"During the fall run of chums this season heavy floods and freshets occurred
during the spawning season. Heavy floods may have affected the mortality
of eggs." This spawning was the one which produced the poor 1949 run.
It may just be a coincidence, or it may be that "extreme" floods at that time
of the year, which apparently occur only rarely, affect the size of the
resulting run of chum salmon. However, in view of the fact that the time
of spawning may vary by several days from one year to the next, it is
extremely difficult in any particular year to say exactly what date a flood
would be unfavorable.

It was decided to relate one final factor, temperature, with the size of
the commercial landings. The highest air temperature for the months of
January or February was related to the landings of the commercial fishery
three years later. This resulted in a regression coefficient of b = 118.9
(P = .10).

In an attempt to obtain a more reliable "predictor" it was decided to
take three or four of the more significant factors and combine their effects
by means of multiple regression. It must be realized that, here also, because
of the method of selecting these data they are all correlated to a certain
extent and an unknown bias has been introduced into the probabilities,
so it will not be possible to attach any exact probability statements to these
results; in fact, the results themselves are difficult to interpret exactly.
The mathematical model assumed was

yi = 130	 Pioci	 /32x2	 [33x3 + 0i

yi = commercial landings in thousands of pounds for year i
xi= minimum flow (January 15-March 20)
x2= maximum flow (November 1-10)
x3= highest air temperature for January or February

13's = parameters to be determined
Oi = deviation of actual yield from the true yield (error term).

Also, the usual assumptions that the observations y are expressible as
linear functions of some known variable x„ . . . . with residual errors
which are normally and independently distributed around zero with con-,
stant variance. The estimates of the /3's were obtained by the method of
least squares; the actual values were obtained by matrix inversion. The
null hypothesis that the /3's are all zero was tested by means of an F-test

where
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with 3 and 11 degrees of freedom. The result was F = 3.39 (P = .06). The
resulting regression equation was

= 346.4554 + 97.3148x1 + 66.1037x2 — 77.8188x3.

DISCUSSION

The results obtained in this section have biased probabilities because
of the manner of selecting the relationships to be examined. If the prob-
ability attached to a particular result in the previous analysis is quite large,
say of the magnitude of P = .5 or so, one may safely conclude that the
relationship existing between those particular factors was not very im-
portant. On the other hand, however, where r the approximate probabilities
were quite small, say P = .01, it is extremely difficult to say just how
important that relationship actually is. It is with these smaller probabilities
that the bias which has been introduced can have an important effect on
the conclusions drawn.

The only way in which to determine whether the minimum stream flow
data as determined in this study actually can be used as a "predictor", or
whether it is just a facet of the small sample analyzed, would be to apply
this "predictor" to an independent set of data. A certain relationship can
be discovered for virtually any set of data if it is analyzed in sufficient
detail, so the result must be ,applied to an independent set of data to see
if it will hold in all cases or just for the set of data from which it was
derived. Obviously, in view of the type of data utilized in this study, this
check will not be possible until additional landings have been recorded
for a number of years, so it will not be possible to examine this question
for quite some time. However, with the data available the method of
analysis used appeared to be the best available, so these biased probabilities
must be accepted as an unavoidable consequence.

It should be recognized that the results obtained in this section have
some very definite limitations to their actual values. Probably the most
important limitation is the very limited amount of data upon which these
results are based. Furthermore, these analyses have been based on some
very important assumptions which, if not true, would almost completely
invalidate the results obtained. These assumptions are:

(1) catch = a constant X abundance;
(2) all the fish mature at 4 years of age;
(3) these data can be fitted to a linear model along with the other gen-

eral assumptions about regression data;
(4) fishing intensity has remained constant (implied in 1) and
(5) methods of recording flow data have remained consistent.

In spite of these limitations, this study has managed to isolate these va-
rious relationships so that they can be studied more thoroughly in the
future, and should any of them prove to be a satisfactory "predictor" for
future abundance, this will be a very valuable asset to the management
of these fish.

CYCLIC ABUNDANCE

Before concluding this study on the factors affecting the production,
there is one other point which should be briefly discussed; that is the pos-
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sibility of some factors. creating regular cycles of abundance of fish. Ricker
(1950) noted the appearance of large numbers of Fraser River sockeye
salmon every 4 years. Huntsman (1931b) through an examination of the
catch statistics of the commercial fishery since 1871 detected an apparent
periodical scarcity of Atlantic salmon occurring on the average of every
9.6 years. He also (1931c) noted a big catch of Miramichi salmon every
3 years. Jarvi (1950) observed a 7-year periodicity in the amount of the
catch of salmon from the Gulf of Bothnia. Finally, Burkenroad (1948) ,
in an extremely - interesting paper, demonstrated how the fluctuations in
abundance of the Pacific halibut may well have arisen from a natural cycle
of abundance and not from restrictions in the fishing intensity as was at
first taken for granted.

With these facts in mind and assuming that Tillamook Bay chum salmon
are primarily 4-year-old fish, each of the four different cycles of appearance
of these fish has been plotted separately as it appeared in the commercial
fishery beginning with 1923 (Figure 6). Thus, the progency of those fish
which appeared in 1923 would return in 1927 and the progeny of the 1927
fish would return in 1931 and so on. That is, the progeny of a certain spawn-
ing would appear in the fishery 4 years later, and the four possible such

1923 CYCLE

'23 '2 31 '35 '39 '43 '47

1924 CYCLE

'24 '28 '32 '36 '40 '44

1925

'48
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'2'5 '29 '3'3 ' '41 .
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'50
YEARS

Figure 6. Commercial landings, by cycles, of Tillamook Bay chum salmon.

cycles of appearance are shown in Figure 6. The limited extent of the data
available makes it impossible to form any definite conclusions concern-
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ing this phase of this study, but it will be noticed that there are four definite
high peaks in this graph: 1927, 1928, 1941, and 1942. Also, it is apparent
that the two cycles which were low in the late twenties were the two
which were high in the early forties. Similarly, the two which were origi-
nally high were later low. Whether this alternately high-low tendency for
these four cycles will continue is something that only additional time and
data will tell, but it is worth noting.

With regard to the regression of the size of the commercial landings
of chum salmon on water flow data, it would perhaps be better if each
cycle were treated separately. Then, any other factors which might affect
one particular cycle, and therefore reduce the significance of this relation-
ship, would have no effect on the relationships obtained with the other
cycles. Unfortunately, because of insufficient flow data there are only four
comparisons available for each of the cycles. Since the results of so few
observations are subject to a great deal of variation, these results would not
be of much value from a practical standpoint. More observations are
needed before any particular value can be obtained by this method, but
whenever the data become available, the logical way to attack this pre-
diction problem would be by analyzing the individual cycles separately.

DATA NEEDED
The general conclusion which may be drawn from the previous discus-

sion and examination is that there is a very definite lack of data which
may be applied to the problem of predicting production. From the results
obtained in this investigation it appears that stream flows may be an
important factor affecting abundance, but even this result is based on very
limited data and should be used with that knowledge in mind. The small
amount of data available regarding the various factors affecting production
applies generally to areas other than Tillamook Bay, and in order to analyze
properly and thoroughly this problem for the Tillamook Bay chum salmon,
data on all the different factors previously discussed should be obtained
for these fish.

For instance, if the exact age composition of the run were known each
year, much more reliable results could probably be obtained for the rela-
tionship existing between the size of the commercial landings and the mini-
mum stream flow 3 years previous by using only the portion of the landings
which were actually affected by this particular factor; namely, the portion
of the run which were 4-year-old fish. A limited sample of fish from the
1947 run did indicate that the age composition of the catch may fluctuate
considerably in certain years, and it is possible that the age composition of
the population may vary considerably from year to year. This problem
must be definitely settled in order to determine whether the "predictor"
determined by this study is based on a sound assumption, that the majority
of the fish are 4 years old, and can therefore be expected to give satis-
factory results. These data could be obtained by extensive sampling of the
run each year.

Data on the fishing intensity are also badly needed. Extreme variations
in fishing intensity presumably would affect greatly the size of the re-
sulting catch, which would then present an erroneous measure of the

32



abundance from year to year. A tagging program carried on over a number
of years would not only determine the proportion of the population caught
by the fishery, but it would also determine whether the fishery takes a
constant percentage of the population each year or whether the percentage
caught is dependent on the size of the run. Such a tagging program Would
also give an estimate of the size of the parent run each year, and therefore
the relationship between this factor and the abundance of the progeny
could be analyzed critically.

It would also appear advisable to attempt to obtain some data on the
mortality caused by gravel removal operations; however, this would be
an extremely difficult problem to solve. Nevertheless, if at all possible,
the loss in fish occasioned by these operations should be determined in
relation to the value of this industry. Perhaps some of the truck loads of
gravel removed during the spawning season could be analyzed to determine
the number of eggs destroyed by these operations.

Absolute data should be obtained on the percentage of loss encountered
at the various stages of the life cycle of the Tillamook Bay fish. For ex-
ample, what is the loss occasioned by incomplete spawning, unfertilized
eggs, predation, etc.? Some data on these matters have been obtained for
other areas, but at present there is no way of knowing how well they apply
to the Tillamook Bay fish, and this information is essential if periods of
greatest mortality are to be identified.

The mortality occurring in the ocean should be determined. Inasmuch
as chum salmon spend several years in the ocean, the mortality of those
fish which reach the ocean is probably quite high. This ocean mortality
probably varies considerably from year to year depending on changing
oceanographic conditions, but exact data on this mortality must be ob-
tained to analyze properly this problem. To obtain these data would
necessitate marking a large number of chum salmon fry just before they
enter the ocean and comparing the number marked with the number
returning.

In addition to obtaining the necessary data which are needed to aid in
predicting production, it would perhaps also be desirable to be able to
regulate certain aspects of the sampling, such as samples to obtain estimates
of age composition. For instance, it may be desirable to regulate the size
of the sample in order to obtain results of a certain statistical reliability.
However, the conditions under which these samples are obtained—samples
from commercial landings of chum salmon in the establishments of the
different fish buyers—does not allow for much flexibility in the sampling
procedures, and the investigator is forced to obtain samples more or less
whenever and however he possibly can.

It should be stated that in this study a number of results have been
obtained based on a relatively small amount of data. However, in addi-
tion to examining the existent data, one of the purposes of this investigation
was to determine what additional information is needed if the problem is
to be solved. The cost and the difficulties to be encountered in obtaining
these additional data must be weighted against the value of the results
to be obtained, in deciding whether the additional expenditures would be
worth-while for this particular fishery.
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SUMMARY
Tillamook Bay chum salmon are caught commercially by gill-nets, both

set and drift, and from 1928 through 1949 the landings have averaged 819,689
pounds per season. More chum salmon are caught on Tillamook Bay than
on the rest of the Oregon coastal rivers combined.

These fish enter the ocean only a few weeks after hatching and return
to their native streams to spawn, apparently in the third, fourth, or fifth
year of their life. There are numerous factors such as predation, fishing
intensity, success of spawning, which may have some effect on the produc-
tion of Tillamook Bay chum salmon. There was no apparent relationship
between total chum landings and lumber production 4 and 8 years previous.
It is possible that a relationship between these two factors may exist for
some period other than 4 or 8 years previous, but this was not investigated
further at this time.

Numerous factors, mainly various combinations of stream flow data,
were correlated with the size of the commercial landings of chum salmon
in an attempt to determine a "predictor" of future abundance. An apparent
good relationship, with b = 2.05944 (P = 01), between total chum landings
and the minimum stream flow occurring between January 15 and March
20 three years previous was discovered. The regression equation obtained is

= -493.6355 + 2.05944x.
The regression of the size of the commercial landings of chum salmon

on three variables was computed. These three variables were: (1) mini-
mum stream flow occurring between January 15 and March 20 three years
previous; (2) highest air temperature occurring during January or Febru-
ary 3 years previous; and (3) the maximum stream flow occurring between
November 1-10 four years previous. The regression equation obtained is

= 346.4554 + 97.3148x1 ± 66.1037x2 — 77.8188x3.
The probabilities attached to the results of all the regression functions

which were computed are biased because of the manner in which the data
were selected to obtain the best relationship. Furthermore, although an
apparent good relationship was determined between minimum flows and
the size of the commercial landings, it must be realized that these results
have some very definite limitations to their actual values. In addition to
the biased nature of the probabilities, is the fact that these results have
been derived from a very limited amount of data. Also, these analyses
have been based on some very important assumptions which, if not true,
would almost completely invalidate the results obtained. These assump-
tions are: (1) catch = a constant X abundance; (2) all the fish mature at
4 years of age; (3) these data can be fitted to a linear model along with the
other general assumptions about regression data; (4) fishing intensity has
remained relatively constant (implied in 1) ; and (5) methods of recording
flow data have remained consistent from year to year.
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