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The 1951 Alsea River Saver Salmon Tagging Program
Alfred R. Morgan and F. C. Cleaver

INTRODUCTION
In order to obtain data for better management of the salmon populations

of the Alsea River and other Oregon coastal streams, a tagging program was
conducted on the Alsea River during the fall of 1951. The program had
several purposes which included obtaining an estimate of (1) the size of
the population of silver salmon available to the commercial fishery in the
Alsea River, (2) the escapement to the spawning grounds, (3) the rate of
migration, (4) the mortality that takes place between the commercial fish-
ing area and the spawning grounds, (5) the commercial fishing intensity,
(6) the selectivity of the Petersen tag compared with the jaw tag, and also
(7) it was hoped that fish bound for the different spawning areas might be
distinguished by time of entry into the river.

The Alsea River enters the Pacific Ocean at Waldport, Oregon, and is
typical of the streams which rise in the coastal mountains of Oregon. It has
a drainage of approximately 500 square miles. Practically the entire water-
shed was covered at one time with spruce, hemlock, Douglas fir, and various
deciduous trees. The greatest changes in the watershed, as in other coastal
streams, have resulted from logging operations. Farming, road building,
irrigation, and gravel operations have also contributed to changes in the
character of the stream.

The Alsea River has consistently supported one of the best runs of silver
salmon (Oncorhynchus kisutch ) on the Oregon coast. Gill-nets are the
only commercial fishing gear used on this river. In 1947 set-nets were
prohibited, and since that time the catch has been obtained entirely with
drift-nets. The average annual commercial catch from 1923 to 1948, in-
clusive, was 249,000 pounds. After 1948, the catch quota system limited
the catch to a poundage which was set before the season began. In 1951,
the week-end closure of 2 days was increased to 3 days on the Alsea River
as well as on six other coastal streams supporting a commercial fishery.

The stream has also provided large numbers of fish to the sport fishery.
The average annual catch by the sport fishery according to Fish Commission
calculations for the 5-year period, 1947-51, was approximately 24,000 pounds.

Tagging Methods
	 TAGGING

Fish to be tagged were taken with gill-nets with stretched mesh size
of 6 1/2 to 7 inches. A fisherman was employed on a full time basis to fish
and care for the gear. At various times, usually during week-end closures,
additional fishermen were employed.

The fish were removed from the net as soon as they were caught, and
were tagged in a canvas tagging cradle. They were released into the water
as soon as possible. The tag number, fork length, tagging location, and the
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condition of the fish were recorded. Fish were classified according to their
conditions as 1, 2, 3, or 4. Fish in condition 1 had no apparent injury and
swam away quickly when returned to the water. Fish which appeared
slightly distressed or were bleeding at the gills a little, but swam away
quickly, were placed in condition 2. Condition 3 included fish which were
bleeding more heavily at the gills, swam slowly, and had difficulty main-
taining their balance in the water. Fish which had serious open wounds
from seal bites or other injuries were also placed in condition 3. Condition
4 contained fish which floated when released as a result of being in the
net too long or because of excessive bleeding.

Two types of tags were used in the experiment during the commercial
season. One type, the Petersen tag, consisted of a pair of plastic disks held
to the back of the fish by a nickel pin. This tag was placed on the fish
under the posterior third of the dorsal fin in order to minimize tag selectivity
by the nets. The other type of tag was a stainless steel strap used as a
jaw tag by attaching it to the right dentary. The reason for using the jaw
tags was to measure any possible net selectivity caused by the Petersen
tags. The jaw tags were considered non-selective, whereas the Petersen
tags might become entangled in the gill-net.

Although the jaw tags were considered non-selective, they did have
several disadvantages. They could be sprung open and lost; they were hard
to see when observers were sampling for tags; they were designed for a
10-pound fish and did not fit a fish much smaller or larger than 10 pounds.

In most cases, the two types of tags were placed on alternate fish.
Occasionally, when two crews were tagging at the same time, one crew
would tag with Petersen tags and the other with jaw tags.

Numbers Tagged and Areas of Tagging
In every case where two crews were tagging, the crew using the Petersen

tags tagged more fish. By the end of the commercial season, October 12,
290 Petersen-tagged fish and 148 jaw-tagged fish had been released. After
the commercial season ended, tagging with jaw tags was discontinued, but
704 additional Petersen-tagged fish were released.

Of the 1,142 silver salmon tagged, 1,028 were released near the lower
commercial fishing dead-line. This point is approximately 2 miles from
the entrance to Alsea Bay. Seventy-nine of the tagged fish were released
in the north channel of Alsea Bay, which is located along the shore opposite
Eckman Slough, and 35 were released near the mouth of Eckman Slough,
which is the confluence of Eckman Creek and Alsea Bay (Figure 1) .

Mortality From Tagging
Some mortality occurred in the tagging operation. Occasionally fish

were injured in the net before they could be removed and tagged. Fifteen
fish, including two jacks (fish 20 inches or less in fork length), were mor-
tally injured and were sold by the Fish Commission to dealers in the area.
Other fish were injured to varying degrees, and their apparent condition
when released was recorded in order to determine whether those in the
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poorer conditions suffered a greater mortality, which would result in a lower
percentage of them being subsequently recovered (Table 1).

Table 1. The number of tagged silver salmon released in each condition group and the
per cent of each group recovered in the commercial

fishery and stream surveys, 1951-52.

Condition

Per cent
Number	 recovered
released	 of number
before	 Recovered	 released	 Per cent
close of	 in the	 in the	 Total	 Recovered	 recovered

commercial commercial 	 commercial	 number	 in stream	 in stream
season	 fishery	 fishery	 released	 surveys !®	 surveys

1 247 35 14.2 737 27 3.7

2 118 6 5.1 259 10 3.9
3 65 7 10.8 127 4 3.1
4 8 0 0 19 2 10.5

Total 438 48 11.0 1,142 43 3.8

Cr Includes three recoveries from streams other than the Alsea River.

Under the hypothesis that the recovery of the fish in the commercial
fishery was independent of its apparent condition when released, a chi-
square value of 6.9202 (P - 0.035) was calculated (Table 2). Because of the

Table 2. Value of chi-square calculated for the recoveries of both Petersen and
jaw-tagged silver salmon taken in the commercial fishery according to

condition observed when released, Alsea River, 1951-52.

Condition Recovered
Not

recovered Total
Expected
recovered

Expected
not

recovered Chi-square

1 35 212 247 '27.07 219.93 2.6089
2 6 112 118 12.93 105.07 4.1709

3 & 4 7 66 73 8.00 65.00 0.1404

Total 48 390 438 48.00 390.00 6.9202

Chi-square = 6.9202 d. f. = 2 P = .035

small number of recoveries, it was necessary to combine the fish listed under
conditions 3 and 4. Although the calculated value of chi-square- was con-
sidered significant, this problem must be examined logically as well
as statistically. If the fish listed in the poorer conditions had actually
suffered a greater mortality, one would expect the recoveries from the
fish in conditions 3 and 4 to contribute most to this significant chi-square,
but actually the fish in condition 2 were the ones which contributed most.
Therefore, it would seem to be more logical to conclude that this significance
is a result of sampling differences rather than differences in mortality. This
conclusion is further substantiated by the fact that the percentage recovery
of tagged fish on the spawning grounds was greater for fish in condition 2
than it was for fish in condition 1 (Table 1) , indicating that a greater per-
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centage of condition 2 fish lived and escaped the fishery. Furthermore,
when the recoveries from both the commercial fishery and the spawning
grounds were combined (Table 3), a non-significant chi-square value was
obtained under the hypothesis that the recovery of the fish was independent
of its apparent condition when released.

Table 3. Value of chi-square calculated for the recoveries of both Petersen and
jaw-tagged silver salmon from spawning ground surveys and from the

commercial fishery combined, according to condition observed
when released, Alsea River, 1951-52.

Condition Recovered
Not

recovered Total
Expected
recovered

Expected
not

recovered Chi-square

1 62 675 737 58.72 678.28 .1991
2 16 243 259 20.64 238.36 1.1334

3 & 4 13 133 146 11.64 134.36 .1727

Total 91 1,051 1,142 91.00 1,051.00 1.5052

Chi-square 1.5052 d. f. = 2 P = .49

Very little is definitely known about the mortality of tagged fish in
the tagging area. During the season, two tagged fish were observed at a
boat moorage where it was reported that these fish had been picked up
dead. In addition, a tag reportedly taken from a dead fish was obtained
at the same moorage. Two of the dead fish had been listed as in condition
3 when released. The third fish had been caught twice, 2 days apart, by
the tagging crew and had been designated condition 2 both times. No
fish were observed dead in the tagging area by biologists during the
3-month tagging period. No dead fish were found in a boat survey to the
head of tidewater in Drift Creek, October 18.

TAG RECOVERIES FROM THE ALSEA RIVER SYSTEM

Commercial Fishery

Tagging began during the commercial season downstream from the
commercial fishing area, and the first recoveries were made from the
commercial fishery. In order to examine as many commercially caught fish
as possible, biologists accompanied the pickup boats nearly every day. When
a pickup trip was missed, an attempt was made to sample the fish at the dock
as they were unloaded from the pickup boat. Each fish was examined as
closely as possible for tags or tag scars. In this manner a ratio of the
number of fish tagged to the number not tagged in the commercial catch
was obtained. During the season, 10,957 silver salmon, or 79.9 per cent of
the total catch, were examined for tags and average weights obtained. In
this sample, 48 tags and 3 tag scars were observed, making a total of 51
recoveries. During the season, 11 additional tags were turned in by fisher-
men and dealers.
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The numbers sampled, recoveries by week for each type of tag, the
number of fish per tag for each type of tag, and the calculated number
of tags recovered in the commercial catch by week, are shown in Table 4.
Confidence limits can be introduced by assuming that the number of tags
recovered in the commercial fishery has a Poisson distribution. Then, for
the 51 tags actually observed in the sample, with 95 per cent confidence,
the true number of tags in the sample should be between 39 and 67. Extra-
polating to the entire catch would give 95 per cent confidence limits of
51 to 88 tags in the commercial catch. There was 215 fish per tag in the
combined samples for the season.

Table 4. Numbers of tags recovered while sampling the commercial catch
from the Alsea River, 1951, with fish per tag in the samples,

and calculated tags in the catch.

Week
ending

Number
fish

sampled

Tags Recovered Fish Per Tag

Calculated
tags

in
re covered

the
commercial

catchPetersen Jaw Total Petersen	 Jaw Total

Sept.	 8 12 0 0 0 0 0 0 0
15 116 0 0 0 0 0 0 0
22 134 1 1 2 134 134 67 4
29 1,492 4 4 8 373 373 187 11

Oct.	 6 6,456 12 9 21 538 717 307 24
13 2,747 17 3 20 162 916 137 28

Total 10,957 34 17 51® 322 645 215 67

,® Includes scars from one jaw and two Petersen tags.

The average weight for the entire season was 9.5 pounds, although
the average varied somewhat from week to week (Table 5). From the
average weight data and the total number of pounds per week of silver
salmon taken in the commercial fishery, it was calculated that the com-
mercial fishery took slightly less than 14,000 fish during the season.

Table 5. Average weights of commercially caught silver salmon and
the calculated number of silver salmon in the total catch,

Alsea River, 1951.

,
Week

ending

Numbers
of fish

weighed

Weight
of

sample
Average
weight

Calculated number
of fish in the

commercial catch

Sept.	 8 11 91 8.3 18
15 85 823 9.7 146
22 130 1,197 9.2 281
29 1,306 12,194 9.3 1,972

Oct.	 6 6,157 58,001 9.4 7,423
13 2,747 27,145 9.9 3,867

Total 10,436 99,451 9.5 13,707
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Sport Fishery

An estimate of the catch taken by the sport fishery was made using
methods developed by McKernan and Jensen (1946). The method depends
upon log books kept by moorage operators, supplemented by observations
of biologists during the season.

It was calculated that 6,250 boats fished for salmon during the period
from September 2 to December 1. It was assumed that all boats have as
much success as cooperating moorage boats, and the number of fish per
boat was obtained from moorage records. The average catch per boat day
was found to be 0.485 fish for the season. The boat catch for the season
was calculated to be slightly over 3,000 adult silvers. No data were avail-
able for jack silvers since the jacks were not separated by species at the
moorages.

It was estimated that an additional 500 adult silvers were taken by
the bank fishermen at the mouth of Alsea Bay and in the river above
the head of tidewater. This figure is believed to be a minimum number,
and is based oh estimates from previous years and from reports and
observations throughout the season.

The total sport catch of adult silver salmon (excluding jacks) on the
Alsea River for the 1951 season was estimated to be approximately 3,500
fish. By using the average weight of 9.5 pounds found for fish in the com-
mercial catch, the weight of the sport catch was estimated to be 33,250
pounds. The sport catch was about 20 per cent of the total catch.

Since no fish were sampled for tags in the sport fishery, the fish-per-
tag ratio taken in the commercial fishery was used to determine the
number of tags taken in the sport catch in the tidewater area. Some error
may have been introduced by using the fish-per-tag data from the com-
mercial fishery because a tagged fish may have been less inclined to strike
a lure than an untagged fish. This behavior, if it existed, may not have
prevented a tagged fish being taken in a net. However, using the data
available, it was found that 14 tags should have been recovered in the
tidewater area. Using the fish-per-tag ratio from samples in spawning
ground surveys, it was found that four additional tags should have been
taken by the sport fishery above tidewater.

A total of 18 tagged fish was calculated to have been taken by the
sport fishery in the Alsea River.

Spawning Grounds

Surveys of the spawning areas were begun before the silver salmon
appeared on the spawning beds in November and were continued until
the end of January.

It was necessary to recover tagged fish on the spawning grounds for
the following reasons: (1) to determine the relationship between the
time of tagging in the lower river and the time of arrival on the spawning
grounds, (2) to determine whether different parts of the Alsea River
drainage supported races which could be differentiated by time as they
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passed through the commercial fishery, and (3) to provide data for an
estimate of the population on the spawning grounds, although because
of straying the total number of tags available on the spawning grounds
was not known, and consequently it was impossible to make a reliable
population estimate on this basis. To eliminate the effect of straying,
tagging should be carried on nearer to or on the spawning grounds.	 •

The method used to obtain a fish-per-tag ratio (this term is frequently
shortened to tag ratio) on the spawning grounds was for a biologist to
walk along the stream and count the tagged and untagged fish. Only
Petersen tags were counted on live fish, but both Petersen and jaw tags
were counted on dead fish. Jaw tags were difficult to see on live fish.
The number of fish seen was affected by water conditions, and during
extremely high or muddy water, the counts were discontinued. Any fish
which could not be seen clearly enough to tell whether or not it bore
a tag was not included in the tagged-to-untagged count. This included
fish which swam into brush piles or under banks or were in deep pools.
Dead fish which could not be removed from brush piles or deep pools
and portions of fish, such as skins or fins, were not included in the tagged-
to-untagged count because it was not possible to determine definitely
whether these fish had been tagged.

Numbered tags were removed from live fish whenever possible and
replaced with blank tags. Removing the numbered tags insured against
misreading the tag number in the field. Replacing the numbered tags
with blank tags distinguished fish which had tags removed from those
which had lost their tags, and still provided an accurate tag ratio in the
later samples. Numbered tags from dead fish were also replaced by blank
tags for the same reasons. Both live and dead untagged fish were merely
counted and left where they were found. Recoveries of numbered tags
from Live fish gave the approximate time of entry on the spawning
grounds, and recoveries of numbered tags from dead fish gave the ap-
proximate time of death after tagging.

Sections of the drainage which were chosen for surveys were those
areas which were believed to have the best spawning grounds and the
greatest concentrations of spawning fish. These sections were located
in streams ranging in size from those flowing less than 1 cubic foot per
second to the main tributaries such as Buck and Drift Creeks which flow
more than 50 cubic feet per second (Figure 1). The sections surveyed
ranged in length from several hundred yards to nearly 4 miles. In addition
to the Alsea River spawning area, surveys were conducted on Beaver
Creek, Yachats River, Big Creek (several miles south of the Alsea River),
Tenmile Creek, Big Creek (south of Tenmile Creek), and Cape Creek.

A total of 44 numbered Petersen and jaw tags were recovered from
both dead and live fish which had reached spawning areas. Of this number,
40 were recovered in spawning ground surveys of the Alsea River, one
was returned by a trapper who found it in a tributary of the Alsea River,
and three were recovered from stream surveys in streams adjacent to
the Alsea River. Table 6 contains more detailed information on spawning
ground recoveries.

12



Table 6. Table of recoveries of 44 tagged silver salmon mainly from the
Alsea River spawning grounds, 1951-52.

Tag
number

Date
tagged

Date
recovered

Days
out

Condition
released Area recovered

AA-2025 10-3 12-10 43 1 Crooked Cr. (Ernest Cr.)@
Z-10058 10-3 12-20 79 1 Five Rivers (Green River)
AA-2041 10-4 12-15 72 4 Alsea River (Cow Cr.)
AA-2050 10-5 12-28 84 3 South Fork Alsea (Bummer Cr.)
AA-2054 10-5 12-29 85 1 Five Rivers (Buck Cr.)
AA-2071 10-5 12-20 76 2 South Fork Alsea (Tobe Cr.)
AA-2075 10-5 11-29 55 1 Alsea River (Hatchery Cr.)
AA-2091 10-5 11-16 43 1 South Fork Alsea (Tobe Cr.)
AA-2121 10-5 12-8 64 1 Drift Cr. (Horse Cr.)
AA-2150 10-5 12-1 58 2 Alsea River (Hatchery Cr.)
AA-2205 10-5 12-14 70 1 South Fork Alsea (Bummer Cr.)
Z-10084 10-5 12-18 74 3 Lobster Cr. (Preacher Cr.)
Z-10097 10-5 12-27 83 2 Alsea River (Maltby Cr.)
AA-2148 10-6 11-19 45 1 Drift Cr. (Cape Horn Cr.)
AA-2170 10-6 12-8 63 1 Alsea River (Hunter Cr.)
AA-2242 10-6 12-8 63 1 Five Rivers (Elk Cr.)
AA-2280 10-8 1-7 92 2 Drift Cr. (Horse Cr.)
AA-2281 10-8 11-25 49 1 Alsea River (Scott Cr.)
AA-2259 10-14 12-20 67 1 South Fork Alsea (Tobe Cr.)
AA-2260 10-14 12-16 63 1 No. Fk. Alsea (Honey Grove Cr.)
AA-2305 10-16 12-13 59 3 Drift Cr. (Cape Horn Cr.)
AA-2387 10-16 12-9 55 1 Lobster Cr. (Preacher Cr.)
AA-2392 10-16 12-12 58 1 Alsea River (Darkey Cr.)
AA-2423 10-16 1-4 80 1 Five Rivers (Buck Cr.)
AA-2430 10-16 12-13 59 1 Alsea River (Canal Cr.)
AA-2431 10-17 12-17 61 2 Lobster Cr. (Little Lobster)
AA-2488 10-17 12-11 56 1 Beaver Cr. (North Fork)®
N-1910 10-17 1-7 87 1 Drift Cr. (Gopher Cr.)
N-1921 10-17 12-13 60 2 Drift Cr. (Capehorn Cr.)
AA-2347 10-18 1-3 78 2 South Fork Alsea (Bummer Cr.)
AA-2363 10-18 1-16 91 2 Five Rivers (Cherry Cr.)
AA-2372 10-18 12-13 57 1 Drift Cr. (Cape Horn Cr.)
AA-2565 10-18 12-11 55 1 Beaver Cr. (North Fork)®
AA-2580 10-18 12-9 53 2 Lobster Cr. (Preacher Cr.)
AA-2583 10-18 12-11 56 3 Lobster Cr. (Camp Cr.)
AA-2645 10-21 2-11 113 1 Five Rivers (Wilson Cr.)®
AA-2679 10-23 12-19 57 2 Yachats River (Williamson Cr.)®
AA-2684 10-23 1-4 74 1 Five Rivers (Buck Cr.)
AA-2693 10-23 1-5 75 1 Alsea River (Canal Cr.)
AA-2704 10-23 1-6 76 1 Alsea River (Grass Cr.)
AA-2712 10-24 1-7 76 1 Drift Cr. (Gopher Cr.)
AA-2715 10-24 12-13 51 1 Alsea River (Canal Cr.)
AA-2809 11-4 1-18 76 1 Drift Cr. (Gopher Cr.)
AA-2913 11-12 1-16 66 4 Five Rivers (Green River)

0) Names in parentheses give actual creek of recovery.
(2) Found spawning in streams other than the Alsea River.
® Found by a trapper.
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Table 7 indicates that the combined percentage recovery from stream
surveys of tagged fish which passed through the commercial fishery ex-
ceeded recoveries of tagged fish which did not pass through the fishery. One
reason for this may be that the earlier tagged fish were available for recovery
on the spawning grounds for a longer period than those tagged later.
Also, these data might be a reflection of the magnitude of the fishing

Table 7. Numbers of silver salmon tagged and per cent recovered in the commercial
fishery and spawning ground surveys according to week tagged in the

Alsea River, 1951-52. (Recoveries are for both
Petersen and jaw tags)

Week
ending

Total
tagged
each	 commercial
week

Total tags
available

to the

fishery

Calculated
recoveries

in commercial
catch each

week of total
tags available

Calculated
recoveries in
commercial

catch of
total tagged
each week

Per cent of
total tagged
each week

recovered in
commercial

catch

Spawning
ground

recoveries
according
to week

tagged (live
and dead fish)

Per cent of
total tagged
each week

recovered in
spawning
ground
surveys

Sept.	 8 1 1 0.0 0.0 0.0 0
15 6 7 0.0 0.0 0.0 0
22 19 26 4.2 13.3 70.0 0
29 16 42 10.6 5.5 34.4 0

Oct.	 6 362 404 24.1 45.4 12.5 14 3.9
13 37® 438 28.2 2.9 7.8 2 5.4
20 370 17 4.6
27 153 6 3.9

Nov.	 3 15 0 _...
10 35 1 2.9
17 114 0
24 5 0

Dec.	 1 9 0

1,142 438 67.1 67.1 15.3 40 3.5
® Three tags released after season closed, October 12.

intensity which apparently was so very low as to have little effect on
the escapement of tagged fish which had to pass through the fishery as
compared to the escapement of tagged fish which did not have to pass
through the commercial fishery. The value of chi-square calculated for
recoveries on the spawning grounds according to date tagged indicates
that whether the tag was recovered or not recovered was independent of
the time of tagging (Table 8) .

Table 8. Value of chi-square calculated from tag recoveries of both live and dead
silver salmon (tagged with Petersen and jaw tags) on the spawning

grounds according to time tagged, Alsea River, 1951-52.

Tagged Recovered
Not

Recovered Total
Expected
Recovered

Expected
Not

Recovered Chi-square

Before Oct. 14 16 425 441 15.45 425.55 0.0203
Oct. 14-20 17 353 370 12.96 357.04 1.3254
After Oct. 20 7 324 331 11.59 319.41 1.8838

Totals 40 1,102 1,142 40 1,102 3.2295

Chi-square = 3.2295 d.f. = 2 P = 0.20
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In order to compare the different areas of the Alsea River system
on the basis of the tags (both numbered and blank) recovered, fish per
tag, and the time of migration to a particular area, the Alsea system was
divided into five areas. These were: Drift Creek; Five Rivers and Lobster
Valley; north fork of the Alsea River and Crooked Creek; the south fork
of the Alsea River; and all of the remaining tributaries flowing into the
main Alsea River (Figure 1).

The number of live fish examined, numbered and blank Petersen
tags recovered, and fish per tag have been tabulated by weeks in Table 9.
Table 10 contains the same information for the dead fish. It can be seen
that Drift Creek had fewer fish per tag, both dead and alive, than any of
the other areas except in one instance. It would appear that tagging near
the mouth of Drift Creek resulted in a heavier concentration of tags on
Drift Creek silvers.

In Table 11 are shown the spawning ground recoveries of live and
dead silver salmon with numbered Petersen and jaw tags in each area
by dates tagged. The recoveries from tags released in October were well
distributed throughout the drainage. There were not enough recoveries
from fish tagged in September and November to form a good recovery
pattern. From the catch records it appears that the peak of the run

Table 11. Spawning ground recoveries of live and dead silver salmon with numbered
Petersen and jaw tags by areas according to dates tagged

in the Alsea River, 1951-52.

Tagged
week

ending
Alsea
Tribs.

Drift
Creek

Five Rivers &
Lobster Valley

South Fork
Alsea River

North Fork
Alsea River

and
Crooked Cr.

Strays
in

other
systems Total

Sept.	 8 	 0 0 0 0 0 0 0
15 	 0 0 0 0 0 0 0
22 	 0 0 0 0 0 0 0
29 	 0 0 0 0 0 0 0

Oct.	 6 	 5 2 4 4 1 0 16
13 	 1 1 0 0 0 0 2
20 	 2 5 6 2 1 2 18
27 	 3 1 1 0 0 1 6

Nov.	 3 	 0 0 0 0 0 0 0
10 	 0 1 0 0 0 0 1
17 	 0 0 1 0 0 0 1
24 	 0 0 0 0 0' 0 0

Dec.	 1 	 0 0 0 0 0 0 0

Totals 	 11 10 12 6 2 3 44

entered the Alsea River in October. Fish tagged during the period in
which the largest catches were made were recovered in all spawning
areas of the Alsea drainage. It appears from the data available that spawn-
ing stock for all of the various spawning areas in the Alsea River drainage
enters the lower river together and not as separate races.
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TAG RECOVERIES FROM OTHER RIVER SYSTEMS
In Figure 2, arrows indicate the movement of silver salmon tagged in

Alsea Bay to other streams. Of the total of nine recoveries in adjacent
streams, three were recovered in spawning ground surveys, one was
recovered in the Sand Lake chum salmon fishery about 75 miles north of
the Alsea River, and the remainder were returned by sport fishermen.
It is not known whether these fish originated from other river systems or
strayed from the Alsea River as a result of the tagging operation.

The stream, in which a tag was recovered, method of recovery, and the
number of recoveries in each stream for all fish with numbered Petersen
and jaw tags from the Alsea River tagging are shown in Table 12. The
total recoveries from the Alsea River commercial and sport fishery were
calculated in the manner previously described. The nine recoveries in
streams adjacent to the Alsea River amounted to 6.7 per cent of the total
recoveries (135 fish). This is undoubtedly a minimum number, since a
majority of the recoveries from adjacent streams were voluntary, with only
a small amount of effort expended by stream survey crews to recover tags in
streams other than the Alsea River.

Table 12. Recoveries of silver salmon with 'lumbered Petersen and jaw tags
from the Alsea River tagging, 1951-52.

Calculated and Actual
RecoveriesRe Actual Recoveries 

Commercial
Area recovered	 fishery

Sport
fishery

Stream
surveys Miscellaneous Total

Alsea River 	 67® 18® 40 1 126
Sand Lake 	 1® 0 0 0 1
Yaquina River 	 0 1'® 0 0 1
Beaver Creek 	 0 0 2 0 2
Yachats River 	 0 0 1 0 1
Big Creek 	  0 1® 0 0 1
Siuslaw River 	 0 3® 0 0 3

Total 	  68 23 43 1 135
@ Calculated recoveries.

Actual recoveries.

'Table 13. Releases of silver salmon bearing Petersen and jaw tags and the recoveries
in the commercial catch with per cent recovery from each

week's tagging, Alsea River, 1951.

Petersen	 Petersen	 Per cent	 Jaw	 Jaw	 Per cent of
Week	 tags	 tags	 of number	 tags	 tags	 number
ending	 released	 recovered	 released	 released	 recovered	 released

Sept.	 8	 	 0 1 0
15	 	 4 0 2 1 50.0
22	 	 10 8 80.0 9 3 33.3
29	 	 9 3 33.3 7 2 28.5

Oct.	 6	 	 248 19 7.7 114 9 7.9
13	 	 19 2 10.5 15 1 6.7

Total 	 290 32 11.0 148 16 10.8
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TAG SELECTIVITY
In order to determine whether any selection of fish bearing Petersen

tags occurred in the gill-nets, Petersen tags were usually alternated during
the tagging operation with jaw tags. The numbers of each type of tag
released by week and the recoveries from each week's tagging made by
sampling the commercial catch are shown in Table 13. During the corn-

Table 14. Value of chi-square calculated from the recoveriesK of Petersen and
jaw-tagged silver salmon in the commercial catch, Alsea River, 1951.

Type	 Expected
of	 Not	 Expected	 not

tag	 Recovered	 recovered	 Total	 recovered	 recovered	 Chi-square

Petersen 	 34 256 290 33.77 256.23 .0177

Jaw 	 17 131 148 17.23 130.77 .0348

Total 	 51 387 438 51.00 387.00 .0525

0 Includes scars from one jaw and two Petersen tags.

Chi-square = .0525 d. f. = 1 P = .82
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Figure 3. Length-frequency distribution of silver salmon tagged with jaw tags during the

commercial season and the length-frequency distribution of jaw-tagged fish
recovered in the commercial fishery, Alsea River, 1951.
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N.232
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mercial season, 290 Petersen tags and 148 jaw tags were released. Recoveries
from sampling the commercial catch contained 11.0 per cent of the Petersen
tags and 10.8 per cent of the jaw tags. When tested by chi-square, it was
concluded that whether the tag was recovered or not recovered was inde-
pendent of the type of tag used (Table 14).

During the tagging operation, the majority of the tagged fish were
measured in centimeters from the tip of the snout to the fork in the tail
by reading a meter stick attached to the tagging cradle. In Figure 3, the
length-frequency distribution of all jaw-tagged silver salmon, expressed
in per cent, is compared with the length-frequency distribution of jaw-
tagged fish recovered in the commercial fishery. Figure 4 gives the same
information for fish with Petersen tags. Only small samples are available,
but the length-frequency distributions of both tagged and recovered fish
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Figure 4. Length-frequency distribution of silver salmon tagged with Petersen tags during the
commercial season and the length-frequency distribution of Petersen-tagged

fish recovered in the commercial fishery, Alsea River, 1951.
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in Figures 3 and 4, respectively, expressed in percentage, are similar and
therefore there appears to be no selectivity by size with either type of tag.
Only six jack silvers were tagged, and none were recovered.

Finally, there were more fish per tag in the commercial catch than
in the spawning ground survey samples. Large losses of tags by selection
of tagged fish in the nets would have made tagged fish more scarce on
the spawning ground in relation to untagged fish. Also, loss of tags between
the commercial fishery and the spawning grounds would have the same
effect.

Since the gill-nets did not appear to be selective of either type of tag,
the Petersen tags, jaw tags, and tag scars were combined in the calculations
involving tag recoveries.

RATE OF MIGRATION AND TIME ON THE
SPAWNING GROUNDS

When a fish was tagged, the tag number, date, and tagging location
were recorded. When a tagged fish was recovered, it was possible to
refer to the tagging data and to determine how far a fish had traveled
before being recovered and the maximum time it took the fish to reach
the point where it was recovered. Recovery data were obtained from
the commercial fishery, sport fishery, the tagging operation, and spawning
ground surveys.

From Table 7, it can be seen that only a few tagged fish were released in
September. These early tags were recovered in the commercial fishery
2 to 12 days after tagging with the average being 7 days. The average time
out for the entire season before recovery in the commercial fishery was
3 1/2 days. This average was influenced by the recovery of a number of
fish which had been tagged only a few days before the season closed
and which probably would have continued to appear in the commercial
catch if the season had remained open.

The sport fishery recovered four fish in the commercial fishing area
after October 12, the close of the commercial season. These four fish
were recovered from 2 to 12 days after tagging, which is the same range
in time as recoveries made in September.

Occasionally, tagged fish were recovered by the tagging crew. During
the period of tagging, seven recoveries were made by the tagging crew
at the lower end of the commercial fishing area; two of these fish had
been at liberty 19 days, and one 37 days.

In Figure 5 are shown all of the recoveries made in the commercial
fishing area according to the time of tagging. A perpendicular to the X-axis
dropped from the diagonal line in this figure gives the time of tagging. The
distance between the diagonal line and the numbers above it, measured on
the perpendicular axis, represents the time which elapsed between tagging
and the recovery of one or more fish in the commercial fishing area. The
distribution of the recoveries in Figure 5 indicates a slow migration of
the fish that first appeared in the fishing area, a short period of rapid
movement through the fishing area, then another period of slower migration.
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Figure 5. Recoveries of tagged silver salmon by the commercial fishery, and other recoveries
in the commercial fishing area, according to date tagged, Alsea River, 1951.

Only a few tags were recovered between the commercial fishing area
and the spawning grounds. These were returned by cooperating sportsmen.
One fish which had been released October 6 was taken by a sportsman
near the head of tidewater November 24. Another fish, a female tagged
October 5, was recovered by a sportsman November 9. This fish had
been at liberty 34 days and had traveled about 16 miles beyond the tagging
point and about 8 miles above the head of tidewater. A fish tagged Novem-
ber 4 and recovered by a sportsman 34 days later in Five Rivers, 12 miles
above the head of tidewater, had moved upstream at about the same rate
as the fish tagged in early October. Two fish tagged October 5 appeared
at the Fish Commission hatchery racks just above the head of tidewater
December 1, 58 days after being tagged.

The time when fish tagged on a certain date appeared on the spawning
grounds could only be determined from tags recovered on the spawning
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grounds. Figure 6 shows the relation of spawning ground recoveries to
the time of tagging (Petersen and jaw tags included together) for live
and recently dead adult salmon. The distance between the diagonal line
and the numbers again represents the elapsed time before recovery. Only
live and recently dead recoveries were included, since deteriorating fish
had spawned and died some undetermined time before recovery.

The time between tagging and recovery on the spawning grounds in
stream surveys ranged from 43 to 80 days for live fish and 49 to 92 days
for dead fish. One fish was recovered February 11 by a trapper 113 days
after tagging. This fish was reported to have been recently dead when
recovered.

The average period between tagging and recovery on the spawning
grounds was 63 days for live fish, and for recently dead fish the average
was 70 days. It appears from these averages, which were weighted by
the concentration of tags recovered in early December shown in Figure 6,
that the majority of fish which passed through the commercial fishery in
early October appeared on the spawning grounds in the first 2 weeks of
December. The single recovery of a recently dead fish February 11 shown in
Figure 6 indicates that for complete recovery of late tags the spawning
ground surveys should have extended through February rather than to the
end of January. However, the value of chi-square calculated for recoveries
on the spawning grounds according to date tagged indicated that whether
the tag was recovered or not recovered was independent of the time of
tagging (Table 8).

Data are not available in this experiment to show how long the fish
stay on the spawning grounds after they arrive. There was a difference
of a week between the average time of recovery of the tagged live fish
and the tagged recently dead fish. Since these figures are averages, the
actual time spent alive on the spawning grounds probably ranges from
several days to at least 2 weeks.

ESTIMATION OF POPULATIONS
Population Available to Commercial Fishery

The method used in this experiment to arrive at a population estimate
was that suggested by Schaefer (1951a) for the estimation of a population
where neither tagging nor sampling is proportional to the number of
fish available, and where there is a positive correlation between the time
of migration past some point below the spawning grounds and the time
of appearance on, and of death at, the spawning grounds. This method was
proposed as a means of obtaining an estimate of the population from
spawning ground recoveries, but was used here to obtain an estimate of
the population from, tags recovered in the commercial fishery.

The estimate of the population presented in this report is an estimate
of the fish available to the fishery from September 4 to October 12, in-
clusive. It is not an estimate of the number of fish returning to the Alsea
River to spawn because there is evidence of considerable movement from
the Alsea River to other streams, and because Alsea River fish undoubtedly
entered the river after October 12.

25



Tables 15 and 16 are arranged in the same manner as those of Schaefer
(1951b, pp. 199-202). In Table 15 the tags recovered (samples which included
tag scars were excluded) in the commercial fishery from sampling are
listed according to the week they were recovered and the week they were
released. The total number of tags released and recovered each week are
also included in this table. Symbols used are: a = total tagged fish re-
covered according to week tagged; b = total fish tagged each week; c =
total tagged fish recovered each week; and d = number of fish in the
samples each week. The probability of a fish being tagged is estimated
from b/a, and the probability of being recovered is estimated from d/c.

Table 15. Tagging data and recoveries (both Petersen and jaw tags) from sampling
the commercial catch, by weeks, of silver salmon, Alsea River, 1951.

Week of
recovery 1 2

Week of tagging

3	 1 6

Tags
recovered

(c)

Number
sampled

(d) d/c

1
2
3
4
5
6

Tags
recovered
(a)

Numbers
tagged
(b)

b/a
1

1

1

6
6.0

2
2
1

5

19
3.8

2

4

16
4.0

2	 	
1

16

29

362
12.5

12	 	
3

3

34
11.3

4
4

15
19

43

12
116
134
969

4,746
2,747

8,724

33.5
242.3
316.4
144.6

Table 16. Estimates of the population available to the fishery calculated from
data in Table 15.

Week of	 Week of tagging
recovery	 1	 2	 3	 4	 5	 6	 Totals

1 	
2 	
3 	 	 201	 255	 419	 875
4 	 	 1,841	 1,938	 3,779
5 	 	 1,202	 2,531	 47,460	 51,193
6 	 ,	 28,920	 4,902	 33,822

Totals 	 	 201	 3,298	 4,469	 76,799	 4,902	 89,669

The values in Table 16 were calculated by using Schaefer's equation
25 (Schaefer 1951b, p. 200). The recoveries for each weekly period in Table
15 multiplied by the product of the probability of being tagged and the
probability of being recovered for that period gave the number of fish
available for each weekly period. The sum for all of the weekly periods,
slightly less than 90,000 fish, is the number of fish available to the com-
mercial fishery.
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An estimate of the population was also made by using the equation

N = nt where N = the estimate of the total population, n = the number

sampled, t = the total number tagged, and s — the number of tagged indi-
viduals recovered in the sample. In order to make an estimation of the
population by this equation, the fish should be tagged in proportion to
the numbers present as the fish pass the tagging area. If this is not done,
sampling for tags at a later date must be in proportion to the number of
fish available in order to obtain an accurate estimate of the population.

The method is discussed by Chapman (1948) and Schaefer (1951b).

Using the equation N = nst with n = 8,724, t = 438; and s = 43

N —  8,724 x 438  = 88,863
43

This estimate of the population is very near the estimate found by
using the longer method, and this can probably be attributed to the fact
that the bulk of the fish were tagged at the peak of the run, so that tagging
tended to be in proportion to the number of fish present.

Chapman (1948, p. 76) has provided tables to be used in calculating the
upper and lower limits, with 95 per cent confidence, which contain the

true value of the population when using the equation N — nst  . The upper

95 per cent confidence limit was found to be 119,371 fish, and the lower
limit was found to be 63,736 fish.

If it is assumed that the population is actually 89,000 fish, then about
15 per cent (13,707) were taken by the commercial fishery. It should
be stressed that this 15 per cent fishing mortality applies only to the
population of fish available to the fishery and fishing mortality would
undoubtedly be less for the entire run. It was quite unexpected to find a
fishing mortality as low as this since it has generally been assumed that
most commercial salmon fisheries inflict a mortality much greater than
15 per cent. For example, the International Pacific Salmon Fisheries Com-
mission states in its 1952 Annual Report (1953, p. 23) that the calculated
escapement of sockeyes in the Fraser River system represented only 27
per cent of the total run.

It is possible to use the tag recoveries on the spawning grounds to cal-

culate the population of all the fish in the river by the formula N —  nst

which has been previously explained. Here n = 3,085, t = 1,142, and s = 37
(Table 10). Therefore, the estimate of N is 94,786. This is in close agree-
ment with the estimate of the population available to the commercial fishery
(89,000) based on the tag recoveries in the fishery and would seem to
indicate that there was no excessive mortality of tagged fish prior to reach-
ing the spawning grounds. Neither tag selectivity in the gill-net fishery nor
loss of tagged fish from handling could have occurred to any appreciable
degree.
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Population on Spawning Grounds
An estimate of the spawning population in the Alsea River has been

delayed until the straying of fish from the tagging location in the Alsea
River has been discussed. No reasonably accurate estimate of the spawning
population can be made from tag recoveries on the spawning grounds. The
total number of tags available on the spawning grounds of the Alsea River
is unknown because an unknown number of the tagged fish strayed to
other streams.

However, the population available to the commercial fishery is believed
to be a reasonable estimate of the number of fish present in the lower
Alsea River during the fishing season. The number of recovered tagged
strays is 6.7 per cent of the total recoveries in Table 12. This is thought to
be a minimum percentage and if it were raised to 10 per cent, it would
probably not be too high. If 10 per cent of the 89,000 fish estimated to be
available to the fishery are removed by straying, there remain approxi-
mately 80,000 fish, from which the commercial and sport fisheries took
about 17,000 fish. This leaves approximately 63,000 fish plus an unknown
number that entered the fishing area after the close of the commercial
season to continue the migration to the spawning grounds.

SUMMARY
During a tagging operation conducted in 1951 on the Alsea River, 1,142

adult silver salmon were tagged with plastic Petersen-type tags and stain-
less steel jaw tags.

An attempt was made to determine whether tagged fish released in
different apparent conditions suffered differential mortalities. Under the
hypothesis that the recovery of the fish in the commercial fishery was inde-
pendent of the apparent condition of the fish when it was released, a sig-

. nificant value of chi-square was obtained. However, it was concluded that
this significance was a result of sampling differences and not actually due
to differences in mortality.

The number of fish taken in the commercial catch each week was
calculated by dividing the number of pounds in the weekly catch by the
average weight of the fish in the samples for that week. It was calculated
that the commercial fishery took approximately 14,000 fish during the
season, which was only about 15 per cent of the run available to the fishery.
This is an extremely low fishing mortality and is considerably lower than
had been expected.

The number of tags taken each week by the commercial fishery was
calculated by dividing the number of fish in the catch each week by the
number of fish per tag in the samples for the week. It was calculated
that 67 tags were taken during the season by the commercial fishery. This
number of recoveries was 15.5 per cent of the 438 tags available to the
fishery.

With the cooperation of a number of boat moorages on the Alsea River,
an estimate of the sport catch of silver salmon was made. It was calculated
that the lower river sport fishery took approximately 3,000 adult silvers
with an additional 500 fish being taken by the bank fishery. The weight
of the total catch of 3,500 fish was calculated to be about 33,000 pounds.
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This weight formed 20.2 per cent of the combined commercial and sport
catches. It was calculated that 18 tagged fish were taken in the sport catch.

A total of 44 numbered Petersen and jaw tags were recovered from
both dead and live fish which had reached spawning areas. This number
includes three tags recovered from the spawning grounds of adjacent
streams.

When the tagged fish were examined according to areas recovered, it
was found that Drift Creek had a smaller number of fish per tag than
any other area with one exception. Recoveries appeared to be distributed
throughout the drainage from any particular time of tagging. Fish enter
the lower river together, then separate to the various spawning areas in
the system.

Several fish moved from the tagging location in the Alsea River to
adjacent streams. About 7 per cent of the total recoveries in Table 12 were
made from streams other than the Alsea River.

The Petersen and jaw tag recoveries in the samples of the commercial
catch were examined for selection of the Petersen tags by the nets. The
percentage by size group in the catch of fish with each type of tag was
about the same as the percentage by size group with each type of tag at
the time of release. Large losses of tags in the fishery would have been
reflected by a higher number of fish per tag on the spawning grounds.
Since the gill-nets did not appear to be selective on either type of tag, the
Petersen tags, jaw tags, and tag scars were combined in the calculations
involving tag recoveries.

After the fish moved beyond the fishing area, many still did not move
rapidly to the spawning grounds. Several were taken in tidewater or in
the vicinity of tidewater 48-58 days after they had been tagged.

The average time between tagging and recovery on the spawning grounds
was 63 days for live fish and 70 days for dead fish.

Using the method proposed by Schaefer (1951a) for obtaining a popula-
tion estimate from spawning ground recoveries, an estimate of the popula-
tion available to the fishery was made from the number of tags recovered
by sampling the commercial catch. It was calculated that approximately
90,000 fish were available to the fishery.

About 89,000 fish were calculated to be available to the fishery when the

equation N = -nt was used, where N the population, n = the sample size,s 

t = the number of fish tagged, and s the number of tag recoveries.
The 95 per cent limits of confidence for the population estimate derived

from the equation N	 nst were calculated using the method developed

by Chapman (1948). The lower limit was found to be 63,736 fish, and the
upper limit was 119,371 fish.

Approximately 63,000 of the fish available to the commercial fishery
continued the migration to the spawning grounds.

Spawning ground tag recoveries provided an estimate of the popula-
tion in the lower river which was in close agreement with the estimate of
the population made from tag recoveries in the commercial fishery.
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