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PACIFIC HERRING 285

Weights have been taken to enable us to follow the changes in the conditio
the fish during the seasons of 1926 and 1927, Owing to the erratic appearance of
herring in central Alaska, we have been unable to obtain g complete series of weights

over the entire season in any one locality for use as a basis of comparison to discount
seasonal and size changes,

We have data for both years for Halibut Cove, lower Kachemak Bay, and
in Pri

Elrington Passage and vicinity in Prince William Sound. We also have weights for
d Es

Shuyak Strait an hamy Bay in 1926, and from MecClure Bay, Naked Island, and
Macleod Harbor in 1927,
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—Condition factor for herring in Prince William Sound

As a standard of comparison we have shown the rela

tion of the weight to the
length by using a condition factor obtained by the formul

a:

s
not increase exactly as the cube of the length, but this factor is valid for comparing

fish of the same length. (Clark, 1928.) Besides g difference throughout the season
and in different Iocalities, there is also an annual variation, not only in the time when
a certain condition is reached in each individual byt also in the i

n of
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“belly fat’’ or ister (fat stored in the body cavity among the entrails), but the herring
above 225 millimeters in body length in the same samples contained very little fat
and were rather thin. In the female gonads from one to half a dozen ripe eggs were
often found, and the male gonads had blood clots. Both the female and the male
gonads were flabby. All of these facts tend to show that it was probably not long
since they had spawned.

The data for Elrington Passage for 1927 are shown as two separate curves. The
first of these curves, from June 16 to 21, 1927, was taken on the average about 10 days
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F1GURE 31.—Condition factor for herring in Kachemak Bay

earlier than the 1926 curve; while the second curve, from June 28 to July 6, 1927, was o
taken about 3 days later than the 1926 curve. Both of the 1927 curves are consider-
ably above the 1926 curve. =

The same superior condition of the 1927 samples is shown elsewhere in Prince:
William Sound. In Eshamy Bay, from September 12 to 20, 1926, the ﬁerring were all
rather thin with only a trace of ister; a few, especially the larger ones, were too thin‘ -
to salt. No herring were caught in Eshamy Bay in 1927, but we have samples from
McClure Bay. The two localities are only 12 miles apart, so they can be compared:
for the two years. The McClure Bay samples were taken from September 29 to-
October 3, 1927, an average of two weeks later than the Eshamy Bay samples of 1926,
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e Eshamy Bay fish were rather thin while the

but th McClure Bay fish contained an o
abundance of i1ster and w,

Eshamy Bay they were thin ;
in the middle of September in 1926, Thus it appears that in Prince William Sound

n 1927 the herring were in good condition for g much longer time than in 1926 anq i
n. Only study for severa]

art of August
In September, 1927, the condition,

9 and August 5, 1926. The

Samples were taken at Shuyak Strait on July 15
i i iti i -factor curve ig very nearly the

respectively. (Table 29.) The sample from Macleod Harbor was b
the samples from Elrington Passage taken a few days later
Naked Island were much lower. The latter herring w
ister, and had spawned on the webbing of the pounds in which they w
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290 BULLETIN OF THE BUREAU OF FISHERIES
LENGTH WEIGHT RELATIONS

Figures 32 and ‘33 show the length weight curves for some of the localities
smoothed by the method of least squares, using the equation W=KL? where
W=weight, L=Ilength, and K and z=constants.

The equations for all of the curves are:

Halibut Cove:

Apr. 12-27, 1926 . W=.0584 L3

Apr. 256-May 11, 1927 __ . W=.0371 134
Lower Kachemak Bay:

Aug. 19-30, 1926 ___ . W=.0272 L34

Aug. 10, 1927 e W=.0125 L1319

Aug. 23-27, 1927 e W=.0126 L3

Sept. 8-21, 1927 _ e W=.0210 L334
Red Fox Bay, Shuyak Strait: July 15-Aug. 5, 1926_ _ ________________________ W=.0651 Ls3o
Elrington Passage and vieinity:

June 25-July 2, 1926 _ _ o eeeees W=.0123 1318

June 16-21, 1927 ____ e W=.0177 L33,

June 28-July 6, 1927 _ _ ______ oo W=.0262 L34
Eshamy Bay: Sept. 12-20, 1926___________________ o _____ W=.0185 L3
McClure Bay: Sept. 20-Oct. 3, 1927__________________ . ._..___ W=.0240 L3238
Naked Island: June 12, 1927 _ . W=.0382 L34
Macleod Harbor:

June 13, 1927 e W=.0369 L3

July 1-9, 1927 e W=.0169 L3

Neither the condition factor nor these values of K and z can be used for racial
studies until a far more thorough study of them is made for each race. A constant
difference between the fish of two localities may be due to environmental conditions
only, but this difference may be of value in the study of migration.

CLEANED WEIGHT

In comparing the weights of fish of any given length by Figures 32 and 33, it
must be borne in mind that a considerable difference in weight is caused by either
gonads or ister. Figure 34 shows the total weight, cleaned weight, and gonad weight
for 1927 for Halibut Cove, April 25-May 11, and for lower Kachemak Bay, August
23-27. Note that the actual difference in weight resulting from cleaning for each of
the two localities is very similar, despite the fact that the Halibut Cove material
was taken just before spawning. In the Halibut Cove data most of the difference
between the cleaned weight and the total weight is in the weight of the gonads. In
the lower Kachemak Bay data the gonads are but slightly developed, and the differ-
ence between the cleaned weight and the total weight is caused chiefly by a large
amount of ister in the body cavity.
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CONDITION OF THE FISHERY

It is our purpose to discover how the species is faring under the changed condi-
tions of survival incident to an intensive fishery. In determining this condition we
must first discover what changes in abundance have occurred. Our only measure
of the abundance is obtained from the catch of the commercial fishermen which is
influenced by various economic factors and by changes in the amount and kind of
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FIGURE 33.—Length-weight curves for herring in Kachemak Bay

gear used. Hence, in determining the actual abundance, as shown by these records,
one can not use the total catch, but must employ some other measure of abundance,
such as the catch per unit of fishing effort. Furthermore, the catch of each area must
be segregated and analyzed separately, for the study of the independence of areas
(see p. 246) has shown that, in the Pacific herring, the population of each region is
independent of those of neighboring regions.

In determining the causes of these changes in abundance within each area a
knowledge of the size and age composition of the catch is fundamental. In many
species of fishes, due to variations in hydrographic or other conditions, the amount
of success attending spawning varies greatly from year to year, it being quite usual
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and occasional years in which
exceptionally large numbers of young survive. These unusually abundant year

classes, termed “dominant” year classes, have been found in the cod

in abundance, A temporary decline in abundance, due to the passing out of the
catch of a dominant year class, must not be confused with g decrease due to over-
fishing. Therefore, in attempting to explain the fluctuations in abundance of the
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FIGURE_34.—Total weight, cleaned weight, and gonad weight for herring in Halibut Cove and lower
Kachemak Bay for 1927

Pacific herring, one of our first aims was to demonstrate the existence or nonexistence
of this phenomenon of dominant year classes and its effect on the catch,

COMPOSITION OF THE CATCH
SAMPLING FOR SIZE AND AGE COMPOSITION

In order to connect the changes in the composition of the catch with fluctuations
in the yield of the fishery, it is necessary to follow such changes as may occur in the
size and age of the population.

For this knowledge of the herring population we must depend upon the portion
taken by the fishermen. Of this portion consisting of many thousands of barrels
of fish only a few thousand individuals can be measured. Hence, the question natur-

ally arises, How accurately do these few individuals represent the population?

» the plaice, the

i}
g
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Sette (1926) made a study of this sampling problem with the California sardine
(Sardina czrulea) at Monterey. He obtained a very complete series of samples
throughout the season and made the assumption that these represented the commer-
cial eatch. He then endeavored to discover by mathematical means how frequently
samples need to be taken in order to represent the series with reasonable accuracy.
He found that by taking samples at least semiweekly the desired result could be
obtained. _ ' '

- No such series of samples is available for the herring. The herring ‘‘runs’ are
more errati¢ than those of the sardine, because in many localities the herring can be
sampled for only two or three months out of the year, and the total catch of the year
may be made on as few as 10 different days. Indeed, in Red Fox Bay, Shuyak Strait,
in 1926, the whole catch of about 13,000 barrels was taken in two nights’ fishing.
Sampling twice a week might be theoretically correct, but under such conditions it is
impossible from a practical standpoint, except perhaps for the duration of a “run.”

With the herring it is highly probable that in each locality a much smaller popula-
tion is sampled than with the sardine. So far but very little evidence has been found
to show the existence of local races in the California sardine (Hubbs, 1925, p. 12),
while studies have shown the Pacific herring to be divided into many local races.
The catch landed in a given port may come from several of these, making the sampling
of the herring much more complex.

These facts tend to show that in the case of the Pacific herring sampling can not
be made as exactly as in that of the California sardine, so that in order to prove the
validity of our sampling a more complete dependence must be placed upon the
repeated occurrence of consistent variations (Thompson, 1926a). The inability to
obtain samples over a long period during each season will make it less likely that our
samples will represent the same portion of the population year after year, thus decreas-
ing our chances of proving the consistency in occurrence of any variations and making
it more difficult to foretell in advance what fluctuations in abundance may be expected.

Even if it were true that the commercial catch is taken each year from the same
section of the population, it might be difficult to demonstrate clearly the exact
manner in which dominant year classes would come into evidence. Thus in the
sardine of California the dominant year classes affect the commercial take unequally
at different sizes and ages, and prophecy of the catch is thereby limited. (Thompson,

1926a.) :
EVIDENCE OF DOMINANT YEAR CLASSES

In order to prove the existence or nonexistence of dominant year classes, samples
are needed over a period of years from one locality. (Table 31.) The longest period
for which consecutive samples are available extends from 1924 to 1927. These were
taken in, or in the immediate vicinity of, Elrington Passage, one of four channels
connecting the western side of Prince William Sound with the open ocean. All of the
data for 1924 and a portion of those for 1925 consist only of length measurements,
which were obtained from Clarence L. Anderson, a former technologist of the United
States Bureau of Fisheries. Ages are available for a portion of*the 1925 data, and
for most of those of 1926 and 1927. o
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TABLE 31.—Length frequencies of summer herring
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- s
Southeastern | Elrington Passage

Aloska | Macleod Harbor Eshamy Bay
Length in millimeters 1925 | 1925 1926 | 1027 1927 1928 1926
|
Ac- | Per | Ac- } Per | Ac- | Per | Ac- | Per | Ac- | Per | Ac- | Per | Ac- Per
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TaBLE 31.—Length frequencies of summer herring—Continued

Shuyak Strait Kachemak Bay ! Russian

|McClure Bay| Dogfish Bay f | Harbor
| ' N
Length in millimeters 1927 1925 1925 1926 1926 1927 : 1925
Ac- | Per | Ac- | Per | Ac- | Per | Ac- , Per | Ac- | Per | Ac | Per | Ac- | Per
[ tual ! cent | tual | cent | tual | cent | tual ' cent | tual ! cent | tual | cent | tual = cent
——— ey . “__._ -
0 i I ! : '
245-240_ ... 21 13.0 4] 40, 6| 33 3' 2.8 17 2.5 15 43 ’ 1 1.0
250-254_ .. ._._. 16 3.0 121 12,0 15 8.3 61 &7 29 4.3 11! 3.1 3 2.9
255-259.. 107 5.0 91 9.0 15| 83 100 9.3 38 5 4] 4.0 7 6.6
260-264__ 31 15 281 280 18| 10.0 gl g4 41 6.8 190 55| 14| 133
265-269... 3| L5 190 1907 28| 156 131 12,1 79 116 20| 57 12| 11.4
270-274. 2| Lo 181 1807 29| 16.1 191 17,7 104 | 15.3 25| 711 14| 133
275-279__ 1 & 2.0 23 12.8 12 ! 11.2 125 18.4 21 6.0 11 10.5
280-284_ LTI L s Lo! 14| 78 9S4 91| 4| | 55 ~ 1207114
285-280_ L0 4) 22 31 28 431 6.3 18 41 7 6.6
200-204. . oot ool ‘ 81 4.4 120 112 22 3.2 51 L4t 16| 152
295-299 3 1.7 1 .9 100 1.3 2 : .6 3 2.9
300304\ T 1, .9 5 .7 2] .6, 3 2.9
305-309. 21 B l..,._..: 2 1.9
310-314. 2 .3 jreemma-
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Number of samples. ... 6 o] I
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T
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LENGTH IN CENTIMETERS

Fi1cURE 35.—Length frequency distributions for the sum-
mer herring of Elrington Passage and immediate vicinity
from 1924 to 1927

The lengths were first grouped in half-
centimeter categories and then smoothed
twice by three's to remove minor modes
due to chance sampling. (Fig. 35.) These
smoothed length distributions reveal a shift-
ing of sizes from year to year, the mode
shifting from 20 centimeters in 1925 to
just over 22 centimeters in 1926. This
same mode appears to have shifted to
23.5 centimeters in 1927. The bimodal
distribution of 1924 suggests that the single
mode of the later years is composed of
at least two age groups. The mode at 19
centimeters in 1927 appears at 17 centi-
meters in 1926. This group is numerous
enough in 1927 to cause the mode at 23.5
centimeters to appear relatively less im-
portant than in the previous year. Some
of the modes are no doubt partly con-
cealed, others distorted or exaggerated by
various factors, but, nevertheless, these
factors are not sufficient to seriously ob-
scure the presence of a dominant size group
and its progression through the commer-
cial eatch.

Although the data in this form show
well the dominance and progression of cer-
tain size groups, vet they do not show the
relative lack of certain size groups, not

only as compared to the other sizes for the same year but as compared to the
average of the same sizes over the entire period of four years. The average curve
for these four years was obtained by summing the weighted frequencies (percentage
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frequencies) of each of the four yearly curves and dividing by four to get the arith-
metic mean for each ordinate. (Fig. 36, top curve.) With this average curve as
a base, the deviations of each of the four years from the average curve were plotted

so that frequency greater than the average ap-
pears above the line (as solid black), less than
the average below the line.

Figure 36 shows more clearly than Figure 35
the progression of sizes through the commercial
catch from small fish (roughly 16 to 19 centi-
meters) in 1924 to large fish (roughly 22.5 to
25.5 centimeters) in 1927. It shows even more
clearly the progression of a poorly represented
size group, which, commencing at 15-17 centi-
meters in 1925, moves to 17-20 centimeters in
1926, and to 18.5-21.5 centimeters in 1927. The
group between 17 and 21 centimeters in 1927
appears from the size distributions of Figure 35
to be of great importance, but Figure 36 shows
it to be below the averages for those sizes, while
the group from 11 to 15 centimeters in 1927 ap-
pearing from the size frequencies to be unim-
portant is shown by Figure 36 to deviate almost
in its entirety above the average frequency for
the four years. ‘

The view that the progression of sizes in
Elrington Passage is due to the growth of fish of
dominant age groups is sustained by age analy-
ses. (Fig. 37, Table 32.) The age histogram
for 1925 represents only a small portion of the
fish in the length distribution, but those for 1926
and 1927 are quite representative. The shift of
the 1919 and 1920 year classes from 4 and 5 years
of age in 1925 to 6 and 7 years of age in 1927 is
very apparent. While there is undoubtedly a
small percentage of error in the age readings yet
they are of great value in interpreting the signif-
icance of the size modes, and the consistency of
the results obtained by the two methods is fur-
ther evidence of their validity.

Eshamy Bay and McClure Bay, about
10 miles apart, show no racial differences, so
their length and age distributions have been
compared for 1926 and 1927. (Figs. 38 and
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the average of the four years for summer herring
of Elrington Passage and immediate vicinity

39.) Both of the length frequencies present very distinct and sharply defined
modes, the 1926 Eshamy Bay mode being at 23 centimeters and the 1927
McClure Bay mode at 24 centimeters, a forward progression of 1 centimeter. The
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age histograms show that this shifting in the length mode was due to the growth of
the dominant 1920 year class, which was 6 years old in 1926 and 7 in 1927.

The age frequencies presented in Table 32 show that in no case is there a sym-
metrical distribution of ages aroupd a mode, such as one would expect to find in a
population in which the annual increments of new members were about equal. In
fact, very unequal proportions of different age groups seems to be the rule. There-
fore, it is safe to conclude that our data demonstrates conclusively that dominant
year classes .are ordinarily present in the Alaska herring.

TaBLE 32.—Frequency at each age

. Stephens Halibut Halibut Lower
Age San Diego, Passage, |Larch Bay, Cove, gill |Cove, beach| D0888h | gochoay | Shuyak
(years) D%’g’“' January, A‘;gg,,“' netted, seined, Bi’t" i';g; Bay, Au- nﬁ"“{‘g'z 5
1928 April, 1926 | April, 1926 | BUSt gust, 1926 Y
Num-| Per |Num- Per |Num-| Per Num-| Per |Num-| Per {Num-| Per |Num-| Per |Num-| Per
ber | cent | ber | cent | ber | cent | ber | cent be21:4 c;nt ber | cent | ber | cent | ber | cent
) S JEO) B .1 -
SN USRI I 91 4.9 66 | 19.4 -
3. 22119 64 | 18.8 B L2
4. 91 4.9 19.0 4 79282 - 5] 20 1 0.7
- TSI NUNIN S 109 | 59. 2 20| 81.8 2] 22 31/ 9.1 1 .2 4! 57 2 1.3
[ 4 22 151 23.8 1) L1 10| 2.9 1] 1.2 30| 182 4 2.7
A 3 16 8127 31| 348 22 6.5 3| 3.5 9! 3.7 28| 18.8
- SO USRI (R S 6| 3.2 51 7.9 33 87.1 22| 6.5 3! 3.5 551 28 4 81 181
9 ___ 13¢ 7.0 2 31 4] 4.5 41 1.2 8] 9.4 58 1 88.7 7 4.7
10_ 41 2.2 .. |...... 111 12,4 8 2.4 43 | 50.6 121 4.9 63| 42.8
11. 20 L1 |l 6 6.7 81 2.4 221258 141 57 20| 18.4
120 21 L1 1] L6 1 11 2 .6 7 331136 4 2.7
13. 1) .5 _ 5] 20 1 .7
L PRSI NS WU ES SO NSRS SO AR NN M U N N S N 1 .7
15_ .. 1 [ 2 PR SR
e OIanGEOTEEECEE SN SRR CRS (uuus Sy NN NPRN MU AN MU MO SRS SN AN A Mt S
b ¥ SRR (PR PSR N MO AU N 1 P 75 IS A,
Total ... .. 46 |....._ 184 ______ 63 |- 89 ... 340 oo 85 |.o_-. 246 ... 149 ___.__
. Elrington Pas- | Elrington Pas- | Elrington Pas-
Age Shyak Strait, e, July and o, June sa e Eshamy Bay, | McClure Bay, | Dutch Harbor,
(vears) |~ July, 026~ | %% Julv and | sage, June and 8 yne and | Soptember, 1936 | September, 1927 | August, 1028
| I
Number| Per cent| Number| Per cent| Number Per cent | Number| Per cent| Number| Per cent Per cent| Number Per cent
O S 21 4.9 .
S-S 13 7.9 35 9.0 13 3.0 4 2.2
‘1.3 42 25.5 137 35. 4 207 48. 4 17 9.5
7.9 59 35.8 82 21.2 52 12.1 27 15.2
18.2 11 6.7 120 31.0 38 8.9 114 64.1
2.6 11 6.7 3 .8 78 18.8 6 3.4
21.0 6 3.6 3 .8 2 .6 1 .6
21.0 4 2.4 1 .3 91 21 1 .8
3.9 9 55 1 .3 4 1.0 2 1.1
7.9 10 61 3 .8 3 .7 1 .6
7.1 2 .6 1 .2 5 2.8 |-
1.3 -
2.6

OCCURRENCE OF DOMINANT YEAR CLASSES

Whether the conditions that cause certain year classes to survive in unusual
numbers are entirely fortuitous or whether these conditions recur in cycles, is a
question. Linked with this comes the question as to the effect the spawning of a
dominant year class will have on the stock of the following years. Gilbert and Rich
(1927) found that in the Karluk River the red or sockeye salmon (Oncorhynchus
nerka) presents 5-year cycles. Quoting: . ,

The graph shows clearly the cyclic character of the runs of red salmon in the Karluk River.

Since the Karluk salmon are predominantly 5-year fish, we anticipate a correlation between the
run of any year and that of the fifth year preceding, the fifth year following, ete. * * * If it
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can safely be assumed that spawning escapements are in the main roughly proportional to the
catch, it becomes apparent that they are the predominating factor in determining the size of the
runs.

In the salmon, which spawn but once in a lifetime, such a correlation between
spawners and offspring is easier to trace than with a fish that may spawn several
times during its life. However, Jensen (1927) has attempted to trace just such a
correlation in the case of the South Baltic autumn herring, a single local race of her-
ring around Bornholm, spawning in September and October. He found that the
catch anomalies (per cent from normal) of the herring fishery at Bornholm showed
fluctuations covering three or four years. During 26 years he noted seven fluctuations
averaging 3.7 years. Jensen says:

The periodicity is to be explained as a consequence of the varying amount of fry produced by
the varying number of spawning herrings. The Baltic herring generally matures in its third year
and the shoals of spawning herrings accordingly consist of fish 3 years old and more. As the her-
rings of the year classes III and IV in the Baltic greatly

predominate over the older year classes, and therefore as
a rule produce the largest quantity of fry, the observed

periodicity can be explained in this way. 1925
—
On the other hand the great fishery for the
Atlanto-Scandian spring herring shows violent
fluctuations due to dominant year classes that ap-
pear at irregular intervals (Lea, 1924), seemingly 1926

without regard to the number of spawners present.

Even in the case of a clear-cut periodicity
as in the Karluk salmon, or of a lesser correla-
tion as in the salmon of the Gudenaa (Jacobsen
and Johansen, 1921, p. 12-15), it would seem that, :
owing to the fact that the salmon do not all return (———
to their native stream the same number of years /23 4 S 678 9012
after leaving it (in the Karluk about 85 per cent ) AGE )

FIGURE 37.—Age histograms of Elrington Pas-
return at 5 years of age and 10 per cent at 6  ge Prince Williae: Sound, for 1925, 1926,
years of age), in a comparatively limited number  &nd 1927
of years the effect of the spawning of a dominant year class would be so distrib-
uted that soon its successors in the 5-year cycle would no longer be dominant.
That such is not the case causes one to ask if there may not be some other condition
present, possibly meteorological, that favors such a 5-year cycle.

If the dominant year classes in the Alaska herring recur in regular cycles, as in
the Bornholm autumn herring, then the trend of the fishery should not be hard to
establish; but if they recur at irregular intervals, and if successive dominant year
classes are of greater or lesser dominance, as in the Norwegian spring herring, then
the solution may be more difficult.

PERCENTAGE FREQUENCY

EFFECT OF DOMINANT YEAR CLASSES ON THE CATCH

The presence of dominant age groups may have a far-reaching effect ; at times a
race may be exceedingly abundant and at other times exceedingly scarce, for there
may be periods of several years between dominant year classes, the population
becoming much reduced before another dominant year class appears in the catch.
The appearance of such a year class may cause excessive abundance for a time.
When a very dominant year class first enters the commercial catch its members will
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be small, lowering the average size of the fish in the whole catch. Later, as the fish
of this year class grow older, the average size of the fish in the commercial catch will
be gradually raised, until another dominant year class appears and temporarily
lowers it. Evidence of such changes in size, due to the progression of dominant
year classes, is shown in Elrington Passage by accurate records kept by one of the
packers, giving the proportion of the catch pickled each year and the trade categories,
according to the size of the fish. To make each year comparable the records have
been compared for the month of July:

i

Number | Per cent Per cent | Per cent i Per cent

Year barrels ; pickled matjes | medium | large

.0 | 7.5 14.4 1
3 1

8,125 10 4.1
4,355 9. 56.6 25.6 7.8
3,239 15,9 ... 90. 9 9.1
2,271 20.1 13.2 7.6 9.2

Matjes are herring from about 9% to 10% inches in total length (197-215 milli-
meters in body length); mediums from about 10% to 11} inches in total length (215-
232 millimeters in body length); large
from about 11% to 12! inches or over
(232-249 millimeters in body length).
- Of course, the proportions of each kind
pickled will depend to some extent on

o

2 market conditions, and the sizes in-
B 8928 cluded under each name will fluctuate
slightly from year to year, but, in the

sr main, the proportion of the catch

pickled and the percentage of each
class will depend on the raw material
available. There are two features so
pronounced as to appear valid; one
\ is the increase in the total amounts

e pickled in 1926 and 1927, the other
is the shift in sizes pickled. These
changed from over 70 per cent matjes
and 14 per cent mediums in 1924 to
~ no matjes and over 90 per cent me-

A
I

|

FPERCENT
I

N
T

sk 1927 diums in 1926. In 1927 the percent-
age of mediums packed is less than in

- 1926 owing to the packing of 13 per
cent of matjes, but the percentage of

4 / the total catch pickled as mediums in
1927 is actually greater than in 1926

{/ and the same is true of the large.

Comparing these annual changes

0/4 /80 22 26 30 . . . 7
LENGTH IN CENTIMETERS in the sizes and amounts pickled with

F1GURE 38.—Length frequency distributions for the Eshamy Bay and the percentage of hel‘l‘ing at each size
MeClure Bay fall herring for 1926 and 1927, respectively as shown in Figure 35 the existence Of

a rough correlation is at once apparent, lending support to our biological findings,

and thus demonstrating an important point; namely, that the effect of the progres-
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sion of sizes due to the growth of dominant year classes, as shown b i
i i : our sampl
is reflected in the commercial catch. ! y mpling,

DOMINANT YEAR CLASSES SHOW RELATIONSHIP OF AREAS

In nearly every case the age distributions of any two localities differ consid erably
in the proportions of fish of each year class. Thus the age frequencies of Elrington
Passage show no similarity to those of samples taken farther to the westward, and
the dominant year classes may well be different. This lack of agreement in ’most
cases may be due to different physical conditions in each locality at the time of
spawning, although the correlation of these dominant age groups with the physical
conditions is far in the future. While this lack of agreement may possibly be
wholly environmental in cause, it
indicates the lack of migration
between stocks of different locali-
ties. Indeed, the age frequen-
cies differ between all localities,
for which ages have been read,
which are shown to be racially dis-
tinct (see Independence of Areas
p- 272), thus corroborating the evi-
dence of lack of migration between
certain stocks set apart by the in-
vestigation of their structural differ-
ences.

- There is a slight possibility
that this lack of agreement between
the age frequencies in different local-
ities might be due largely to chance.
That the reverse is true is strongly
suggested by a comparison of the
1926 age frequencies of the sum-

ESHAMY BAy
/7926 -

ANNNNNNY

PERCENTAGE FREQUENCY

1927

Z MESCLURE BAY
/

/2-3456789/0///2/3

mer herring of Shuyak Strait and ‘ AGE
KachemakBay. (Fig.40,Table32.) Ficuse 30.—Age histograms of Eshamy Bay, 1926, and McClure Bay,
The Shuyak Strait samples . 1927

were caught on July 15 and the Kachemak Bay samples from August 25 to 28
about six weeks later. Herring were caught in Shuyak Strait for two days followiné
the opening of the season on July 15 and then disappeared, so that it is quite pos-
sible that the Kachemak Bay samples came from the same school.

Assuming that the sampling was truly random and the age readings correct, a
mathematical means of testing the significance of the similarity exists, and a me asére
of judging the probability that two frequency distributions are samples of the same
population may be obtained by the formula:

Stk

where f, is the frequency in a given class of one frequency distribution and f, is the
frequency in the corresponding class of the other frequency distribution. N, and

x'=NN,8 (Pearson, 1914)

i
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N, are the total number of items in the respective frequencies. S is the summation *** i

of these values for each class.
The probability, P, that chance alone would cause the same or a greater diver-
gence between two random samples of the same population is obtained by the formula:
XX ) N Xy—a )
2><4 IX4X6 " 2X4X6X:---X(y—3

where y equals the number of classes, and e equals the base of the Napierian system
of logarlthms

From the calculatlon we obtain P as 0.621, meaning that the age.frequencies

P—e““"z(l +%5+55+

of 6 out of every 10 samples of the same populatlon would differ as much as these

two frequencies.
Application of the formula to the size frequencies gives a value for P of 0. 0898
quite different from that of the age readings. This may be due to erroneous age
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FIGURE 40.—Age histograms of Shuyak Strait and lower Kachemak Bay for 1926

readings or to chance, but an examination of the length frequencies (Table 31)
causes one to believe that it is largely due to growth as the two frequencies are very
similar, the chief difference being that the modal length in Kachemak Bay is half
a centimeter greater than in Shuyak Strait. As mentioned abovg the Kachemak
Bay samples were taken six weeks later than those of Shuyak Strait. The period
thus covered, from July 15 to about August 27, is one in which the herring make a
large part of the season’s growth. These facts could account for the half centi-
meter difference in modal length, which would cause P to be very low, whereas
without the growth in the period intervening between the collection of the samples
P would undoubtedly be much higher.

o
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The racial analysis shows that these two localities do not differ significantly in
any of the characters compared, their condition factors (Table 29) follow almost
exactly the same trend, and their rates of growth (Table 28) are comparable, so
there is no reason for supposing them to be separate stocks.

CONCLUSiIONS

1. Owing to the short periods during which samples are obtainable from one
locality, the proof of the validity of sampling must be placed largely upon the
repeated occurrence of consistent variations.

2. Dominant year classes are normally present.

3. The progression of sizes due to the growth of dominant year classes is
reflected in the commercial catch.

4. The similarity or difference between the dominant year classes in two adjacent
localities gives indications for or against the independence of the two populations.

ANALYSIS OF CATCH STATISTICS

SOURCES OF STATISTICS

The statistics which have been used in studying the changes in abundance have
been derived from a number of fairly reliable sources. For the very early years of
the fishery (previous to 1904) we have had to rely wholly on published records. Moser
(1899 and 1902) and the United States Senate (1912) published the best records of
the Killisnoo plant, and Ccbb (1806) summarized all of the early records obtainable.

Since 1904 the Bureau of Fisheries has required every individual or company
fishing in Alaska to make a swern annual return of the total amounts and kinds of
fishery products prepared, and of the amounts, kinds, and value of fishing gear,
boats, and other apparatus used. These sworn returns constitute one of the main
sources of information. Another major source of information is the annual statistical
review and the monthly numbers of the Pacific Fisherman, a trade journal published
in Seattle, Wash. Many of the herring companies have kept careful records of
their catches for several years, to which we have had access. A fifth source of
information, available since 1926, is contained in detailed records giving the amount,
date, and location of every catch made by each individual boat. These records are
kept by the herring companies on duplicate receipt books issued by the Bureau of
Fisheries, a system which we patterned after that planned by Will F. Thompson
and used successfully for several years by the Division of Fish and Game of Cali-
fornia. These sources have been supplemented by field notes.

TREATMENT OF DATA

The records do not give the quantities of raw herring captured (except in the
case of halibut bait), but give the amounts of various finished products prepared.
In analyzing the statistics, it was necessary for purposes of comparison that all
amounts be put on a common basis. The unit selected was the pound of raw herring
as delivered to the plant. Some of the factors used in converting the weights of
finished products into the weights of raw herring were more or less empirically
determined, v-hich may have allowed some small errors to creep in. However, the
advantages of such a method of treatment are obvious, and such errors as may have
arisen as a result are too small to have any appreciable effect on the analysis. For
the conversion of canned herring into raw, 75 pounds of raw herring have been
allowed for every 48 pounds of canned herring. No statistics are available on the
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amount of shrinkage undergone in the kippering of the herring prior to canning,
but the total shrinkage here adopted is considered to be a very close estimate by
one of the packers who has canned about two-thirds of all that has been prepared
in this manner in Alaska. Any errors due to inexactness of the conversion factor,
will affect only a few years, as the total amount canned was never large except in
1919. ‘

All of the oil and fertilizer produced in southeastern Alaska from 1882 to 1918
were made by one plant at Killisnoo, and the records of the raw herring used are.
available up to and including 1911. From 1912 to 1920, when this company failed,
44.9 pounds of raw herring were allowed for each gallon of oil, the factor being calcu-
lated for the period from 1909 to 1911, inclusive (a new cooker was installed in 1909,
United States Senate, 1912). For the rest of southeastern Alaska from 1919 to 1928
(and for the new company that organized to run the Killisnoo plant since 1923)
the raw herring used for reduction has been calculated by allowing 50 pounds of raw
herring per gallon of oil and 65 pounds of raw herring per pound of fish meal. The
two results were then added and divided by two as the meal and oil came from the
same fish. These two factors were calculated from careful records kept by the plant
at Red Bluff Bay from 1922 to 1927, inclusive. In Prince William Sound the con-
version factors used were 61.2 pounds of raw herring per gallon of oil, and 8.25 pounds
of raw herring per pound of meal, as calculated from careful records kept from 1923 to
1927, inclusive, by a plant in Evans Bay. The factors vary some from year to
year, but it was found that the factors for oil and meal hardly differed in their relia-

bility, the coefficient of variation (V_—. 1\1::3;) for the oil factor being 0.213; for the

meal factor 0.162.

For the pickled products, 20 per cent shrinkage of the raw herring has been
allowed in all districts; that is, the finished product must be increased 25 per cent
to represent the raw herring actually used in its preparation. (Figs. 41 and 42.)
In addition, certain allowances must be made for waste of small herring. No waste
is allowed for herring pickled by companies operating reduction units, as this waste
is included with the raw herring for the oil and meal. For the other companies
varying allowances have been made in the different districts.

The waste allowed in southeastern Alaska previous to 1918 was only 20 per cent
as practically all of the herring were cured by the Norwegian method in which quite
small herring are used. To allow for this, the amount of raw herring actually used
in the finished product was increased another 25 per cent. From 1918 to 1928 the
records differentiate between the Norwegian and Scotch cured products. During
this period the waste on the Norwegian cure is the same, but 40 per cent waste was
allowed on the Scotch cure, which utilizes only the larger fish.

In Prince William Sound accurate records are available for the amounts of raw
herring wasted by a company without a reduction plant in 1922 and 1923. In 1922
they wasted 18 per cent; in 1923, 26 per cent; which means that the raw herring
actually used for pickling were increased by 22 per cent and 33% per cent, respec-
tively, to allow for waste. All of the packers are agreed that the waste in Prince
William Sound was less in 1922 than in any other year, so the 1923 factor was applied
to all of the other years. In Prince William Sound, in the later years especially, a
portion of the waste of the companies without reduction plants (of which no accurate

o

e

Wamivo et S

3

i AR

i

o 2



s - oo g

oInd s, Aep omes oy} Jo ‘punoI3e10j ey} Ul 801913 J{8Y O} UI payssm 3u1aq o8 §[o118q
BuLey yiim [e11sq 9yl Jo doj ey Suryoeder £q dn |pruw st £oUeldyep eql pus Jurmd ay) dn 3uiyy ur pesn eq o) e1s 98Y) Julliey 9, ‘1081ds € YSnoiyl o umeap pus
“loqieH yoIn( 3e Suryoedey—zy A4noO1g 801913 e3x8] o) Ul pexIiwmr 3ulaq s} oulyg ‘JoqIBH yoin( 18 JuIyovdoy—1p d4nDIY

uf 3ue0 Jad 0g 3n0qe YULIYS BULLIY oY,

(0801 0@) 6261 “d 'd 'S ‘N ‘lng



B ——

-

Batl. U. 8. B. F.. 1929.

‘Doc. 1080).)

Froo re 45, =The Schouner Rosanmnd, a Hoating <aliery at anchor behind Me Donald spirs Kachemak Bay

Frotre M. —Ilerring too small to be aalted are collected in

this manner and dumyed outside of the harhor ar Jlalibnt
Cove, Kacheninh Bay. Taken Angust 24, 1927




PACIFIC HERRING 305

records are available) was delivered to the reduction companies to be made into oil
and fish meal. This causes a slight error in our calculations, but the amount pickled
in Prince William Sound by companies without reduction plants in the later years
has been very small. Also it is not an error that will in any way affect our con-
clusions since it will slightly enlarge the amounts taken in the later years, thus tend-
ing to conceal any depletion that may have occurred.

For Cook Inlet the waste on pickled herring up to and including 1923 has been
placed at 15 per cent, as determined by a company putting up large packs of pickled
gill-net herring in 1921 and. 1923. That is, after the pickled product has been
increased 25 per cent to allow for the 20 per cent shrinkage in the herring actually
pickled, this amount is then increased 17.5 per cent more to allow for the 15 per cent
waste. From 1924 up to the present more herring were purse seined than gill netted
in Cook Inlet, and 20 per cent has been allowed for waste since purse-seine gear
takes a greater proportion of small fish. (Fig. 44.) For all of the localities on
Kodiak and Afognak Islands 20 per cent was allowed for waste.

On dry-salted herring 40 per cent was allowed for shrinkage, and, since small
fish are used, no allowance was made for waste. No accurate records are available
on which to base the actual shrinkage for dry-salted herring, the 40 per cent being
more or less arbitrarily decided upon. However, this factor is very nearly correct,
and the amounts of dry-salted herring are far too small to affect the results in any
manner. :

The miscellaneous products are chiefly very small amounts of spiced, kippered,
or smoked herring on which 20 per cent has been allowed for shrinkage.

The available data have made it possible to obtain the total net tonnage for the
purse-seine fleet in southeastern Alaska. The average was computed for all of the
boats for which the tonnages were available, and this average was then multiplied
by the total number of boats. The percentages of the fleet for which tonnages were
available from 1922 to 1928 are as follows: 1922, 71; 1923, 100; 1924, 65; 1925, 61;
1926, 98; 1927, 91; and 1928, 87 per cent.

ANALYSIS OF FLUCTUATIONS BY LOCALITIES -

SOUTHEASTERN ALASKA

The records are incomplete for the years previous to 1910, except for the reduc-
tion plant at Killisnoo, for which complete records are available from the time of its
founding in 1882 up to the present. From 1910 to 1918 about 50 per cent of the
southeastern Alaska catch was taken by this plant and a larger proportion in the
earlier years so their records are quite representative of the early catch. (Fig. 45.)
The trend in Figure 45 has been obtained by the method of least squares. The
changes in the catch have doubtless been influenced by a multiplicity of factors;
thus the low point of 1896 coincides with a period of great economic depression,
and that of 1888 (not used in determining the trend) with the failure and reorganiza-
tion of the original company. The fishing effort expended was about equal in the
various years. (United States Senate, 1912, p. 15.) The drop of 25.5 per cent in
the trend between 1884 and 1920—a period of 37 years—is surely significant and
would indicate depletion. It may indicate a considerable degree of depletion
whose effects have been concealed by the fishermen seeking new fishing grounds as
the older were exhausted.

97241—30——6
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The catches of the Killisnoo plant show large variations that may be partially
caused by biological factors, such as the passage through the catch of dominant year
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FIGURE 45.—The catch of raw herring by the reduction plant at Killisnoo, on upper Chatham
Strait, from 1883 to 1920, inclusive. The trend was obtained by the method of least squares
(omitting 1883, because the guano plant was not installed until 1884, and omitting 1888, in
which year the first company was reorganized)
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groups. Butit would be presuming to definitely ascribe any of the changesin the catch
to biological factors without anintimate knowledge of the many other factors concerned.
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The total catch for southeastern Alaska from 1910 to 1928 is given in Figure 46.
As is shown by Table 33 the mode from 1911 to 1913 was caused by dry salting of
herring, which was done in Yes Bay, on Behm Canal, near Ketchikan. The failure
of this business in 1914 was caused by the dwindling of the herring runs in this vicinity,
which does not appear to have been caused by a temporary scarcity, as herring have
never been abundant in this locality since that time. The rise from 1916 to 1920
was due to the exploitation of southern Chatham Strait, the introduction of the
Scotch method of curing herring aided by war prices, and an attempt to can kippered
herring on a large scale. The canning project failed for want of a market, and the
plckhng mdustry waned owing to the small size of the southeastern Alaska herring
in comparison with those taken in the newly opened Prince William Sound district.
These facts, together with a tremendous slump ip the herring oil market, are respon-
sible for the drop in 1921 which can in no way be assigned to biological factors.

TABLE 33.—Pounds of raw herring caught in southeastern Alaska, 1910 to 1928

Year Ls&egcg?gnre Pickled Usi:;iit!or Dry salted Canned M&:{c)ﬁ;a Total
11, 780, 000 306, 448 1,573,359 76, 152 B I | 13,734,950
15, 052, 000 743, 496 24, 113, 386
10,540,000 | 1,130,376 32, 134, 969
, 000 912, 512 26, 991, 313
8,640,000 | 1,150,198 \ _ 16, 635, 798
5,835,000 | 2,600,116 13,928, 526
8,474,000 | 7,586,480 | 4 407, 050 328,000 1,488,750 | 102,000 | 22,387,270
236, 000 5, 688, 696 6, 247, 380 25,050 | 3,693,375 ... 24, 890, 501
6,170,000 | 21,022,917 | 4,871, 935 1,169,000 | 2,378,925 37,500 35,650, 277
7,330,818 | 5,386,798 | 3,284, 455 851,700 | 5,070,075 |- ___ 21,923, 846
25, 520, 118 1,578, 102 5,525,500 |-cneommmmenn l 269, 775 11,500 | 32,904,995
4,520,250 | 3,620, 3,875, 048 . 12,024, 366
16,558,025 | 14,314,926 | 2,964, 015 33,899, 716
34,028,897 | 3,744, 3,807, 139 42, 480, 499
50,631,732 | 4,409,372 | 3,449, 800 58, 790, 144
100,859,050 | 6, 903, 483 7,331,825 115, 563, 018
141, 956, 289 2,014,577 | 3,706, 878 147, 686, 432
93 825,293 4,414,776 7,413, 655 105 677,512
117, 552, 660 5, 831, 643 7, 070, 626 130, 454, 929
681,079,132 | 93,448, 447 } 04,153,444 | 29,042,843 E 12,900,000 | 347,690 | 911, 872, 456

Since 1922 the causes of the fluctuations in the catch may be more readily
ascertained owing to the completeness of our records, and the adoption by that date
of the power purse-seine boats by all except the Killisnoo and Big Port Walter plants.
The catches and the boats of these two plants have been excluded in order that our
data might be comparable from year to year. The catches of all of the other reduc-
tion plants, the number of purse-seine boats employed, and their total net tonnage
have been plotted on a logarithmic scale, so that their rates of change might be readily
compared. (Fig. 47.) The number of boats increased at a very slightly lower rate
than the catch, but this is to be expected owing to the larger size of the newer boats.
The total net tonnage has been plotted so that the catching capacity of the purse-
seine fleet may be comparable from year to year. For five years, from 1922 to 1926,
the total net tonnage and the catch increased at almost identically the same rate.
In 1927 the catch decreased sharply byt commenced to rise agein in 1928, although
at a slightly lower rate than formerly. At the same time the number of boats showed
a very slight drop, compensated for by the increase in the net tonnage.
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FIGURE 47.—The catch of raw herringand the gear used in -outheastern
Alaska from 1922 to 1928, inclusive (see text), plotted on a logarithmic
sculo to show the comparative rates of change. Dot and dash line,
number of purse-selne boats. Broken line, total net tonnage of the
purse-seine boats in hundreds of tons. Solid line, catch of raw herring
in tens of millions of pounds
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The conclusions are that up to 1926 these statistics of the catch give no evidence
of a decline in southeastern Alaska. Since that time the herring have decreased in
abundance. Whether this is due to depletion or to a temporary natural fluctuation
is not known, but if the catch continues to decline it must be taken as evidence of
depletion.

CENTRAL ALASKA

~ The fishery of central Alaska covers a greater area than that of southeastern
‘Alaska and is more sharply demarked into districts, of which there are three—Prince
William Sound, Cook Inlet, and the Kodiak-Afognak Islands. Although these
districts are separated from one another by a considerable distance, yet most of the
larger operators fish in all three. For this reason the whole ares will first be con-
sidered as a unit. (Fig. 48, Table 34.) As shown by Figure 48, far the greater part
of the ¢ tch has come from Prince William Sound, Shuyak Strait, and Cook Inlet,
The simultaneous rise in the Cook Inlet and Shuyak Strait catches in 1924 and 1925
was caused by the expansion of the fishery. Prior to 1923 no one had fished in Shuyak
Strait, and the Cook Inlet fishery was limited to gill netting in Halibut Cove.

TasLr 34.—Pounds of raw herring caught in central Alaska, 1912 to 1928

Year Usedmorre- | Pickled | Used for bait| Drysalted | Canned Total

Prince William Sound:
1917

2, 586, 779
y 4,379,418
13, 863, 218 933, 427
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TABLE 34.—Pounds of raw herring caught in central Alaska, 1912 to 1928—Continued

- . F— o !
Year f%ﬁ?cf?gn'e | Pickled | Used for bait! Dry salted

Dry Spruce B 22 e emanm e eeem————a i 30,615

Kizhuyak Bay 0L R SN 930, 540

Vicinity of Kodiak: i
1912

.............. 40, 009

140, 400

270, E04

203, 424

518, 560

86, 424

104, 688

110, 126

207, 870

21, 615

22,815

681,174

1,420, 770

75,835

76, 420

30,810

73,885

3, 625, 830

3 2, 836, 945
Three Saints’ Bay: 1926 . ... 231, 700
Kiavik Bay lagoon: 1921 _____._______ - 1,014,000
1012.....o.- 40, 000
1914 __. ,346 311,346
DL S ¢ i 24, 400
B - 874 . - : 278,874
1917 e e enene i 2, 662, 403
1918 . oo e : 1, | 12,129, 537
DL K UL R SR 12, 866, 658 | 15,807, 084
1020 o e e e 10,355,700 - 11,105,816 | 21, 571, 891
U210 e 1, 914,090 23,186, 677 | i 25,747,277
1922 e eaeee 6,784,757 40,717,285 , 524, 600 - tll)l) 800 48, 427, 442
1928 e 13 854,488 | 27,828,002 1,451,759 ! 1m,2a1 43, 242, 460
1924 e 12,446,879 | 25,413,450 ' LAST,7H0 | 2,828,631 41,776,719
DL S, 17, 117,504 © 45,086,699 | 44, 250 1 1,LG, 148 46, 427, 541
1926 e e e 7,479,322 22,091,217 | 989, 950 84,168 0, 644, 657
1927 e ; 4 771, 314 16, 275, 463 | 628, 250 | 184, 53¢ 21, 859, 562
1028 e 13 863, 218 l 7,637, 601 340,000 | 440,045 _ 22, 300, 867
1) S 88,687,272 | 249,760,208 6, 865, 967 | 5.856 178 353, 347, 150

The number of purse-seine boats and the catch for central Alaska are shown on
a logarithmic scale in Figure 49. From 1918 to 1923, inclusive, all of the gill-net
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FIGURE 40.—The catch of raw herring and the gear used in central Aleska from 1018 t0 1928, inclusive (see text), plotted
on a logarithmic scale to show the comparative rates of change. Droken line, n:mber of purse-seice beats.  Solid
lice, catch in millions of ponnds
cateh from Cook Inlet has been subtracted from the central Alaska catch. From
1924 on, the gill-net and purse-seine catch for Cook Inlet can not be accurately segre-
gated, but the purse-seine catch makes up much the greater part, the gill-net portion
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being less than in the previous years. However, any slight error in the comparison
introduced by the inclusion of this small amount of gill-net catch, being present only
since 1924, is an error that will tend to obscure rather than to emphasize any deple-
tion that may have occurred. Up to 1925 the catch increased at a very slightly lower
rate than the number of boats, then the catch declined sharply in 1926 and 1927,
rising only a trifle in 1928. The fact that the catch declined in spite of the exploitation
of new areas suggests depletion.

Prince William Sound.—The fishery of Prince William Sound—the largest pro-
ducing district in central Alaska—deserves special mention. Figure 48 shows that
the total catch rose to a maximum in 1922 and has since declined. Reference to
Figure 50, in which the catch, the number of purse-seine boats, and the pickled por-
tion of the catch are plotted on a logarithmic scale shows that the catch and the
number of boats increased almost proportionately until 1922, while since that time
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FI1GURE 50.—The catch of raw herring and the gear used in Prince William Sound from 1918 to 1928, inclusive,
plotted on a logarithmic scale to show the comparative rate of change. Broken line, number of purse-seine
boats. Solid line, total catch in millions of pounds. Dot and dash line, portion of catch used for pickling

the number of boats shows a slight increase but the catch has declined rapidly. The
low catch per boat in 1918 is undoubtedly due to the fact that nearly all of the
Prince William Sound plants were built in that year.

Of far greater importance, however, than the fall in the total catch, is the decline
in the amount of the catch used for pickling, since this portion of the catch (composed
of fish over 9% to 10 inches in total length) represents the bulk of the mature spawning
population on which the fishery must depend for its continuance. From 1922 to 1928
the amount of herring used for pickling has decreased at the average rate of about 45
per cent per year. KEven this does not give an adequate picture of the true significance
of the fall unless one remembers that the bulk of the herring pickled in 1926 and 1927
(see figs. 37 and 39) were spawned as early as 1920, and the very small portion of the
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catch which was pickled in 1928 was composed largely of herring spawned in 1922
and 1923. Just because fluctuations in the catch may be caused by dominant year
classes, it must not be supposed that a very smail spawning population is sufficient for
the continuance of a prosperous fishery, and the very fact that the success of spawning
does vary, makes it more necessary that there be an adequate number of spawners to
tide over periods of unfavorable years. Since the offspring of the abundant adult
population of the early years were so greatly reduced in numbers before reaching
maturity, one can not hope that the small numbers of offspring that will survive to
maturity from the spawning of as scarce an adult population as that of 1928 will be
sufficient to maintain the fishery. -

Cook Inlet—The analysis of the data in Cook Inlet is complicated by the fact
that two methods of fishing are employed, gill netting and purse seining. Previous
to 1923 only gill nets were employed, but in that year one purse seine was used, and
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FIGURE 51.—Th catch of raw herring per fathom of gill net in certain years from 1918 to 1928,

inclusive, in Kachemak Bay, Cook Inlet
since then gill netting has played a minor réle. Unfortunately, no records are avail-
able which show the total number of gill nets fished each year, or which separate the
gill-net and purse-seine catches of those operators employing both methods of fish-
ing. However, there are seven years in which we have accurate records of the fath-
oms of gill net used by a portion of the operators. For these years the following
data are available:

T T

i m i
Fathoms| Pounds of || Fathoms| Pounds of

!
Year of gill i raw herring ]{ Year of gill |raw herring
| met | caught | net caught
| | ‘ s
r I
1,782 2,313,839 | 1926, .. } 4,370 ‘ 1,061,932
500 | 1,293,968 " 1927_. - 6,110 | 982, 181
450 © 1,007,355 1928 .. 3,075 ¢ 795,115

550 ' 1,810,496 i |
|

From this has been calculated the average catch per fathom of gill net. (Fig.
51.) Among the earlier years there are records of the gear only in 1918. If this one
year is representative of the abundance of that period, there was a considerable rise
up to the level of 1921 to 1924. If this rise is valid it can be accounted for by a change
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in the gill nets themselves, for during the early years of this fishery the fishermen
used chiefly salmon purse-seine web of 3%-inch mesh (stretched measure). Their
use at Halibut Cove is mentioned in the Pacific Fisherman as recently as April,
1920. Residents of Halibut Cove say that since that time 3-inch mesh herring gill
nets of finer twine were used exclusively. Although the points on the curve for 1921,
1923, and 1924 are not based on many data, yet their close agreement lend them
validity. The 1926, 1927, and 1928 points are based on ample data. The fall
between 1924 and 1926 would appear to be rather too sudden to be caused by deple-
tion (when the gill-net fishery had kept up so long) were it not for the fact that this
is the period when the purse seiners commenced an intensive fishery just outside of
Halibut Cove. We must conclude that the gill-net fishery in Halibut Cove presents
strong evidence of a decline in the numbers of older fish.

As mentioned above, all of the purse-seine and gill-net catches can not be accu-
rately segregated, but since the great bulk of the take since 1924 has been caught by
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FIaUre 52.—The catch of raw herring and the gear used in Cook Inlet from 1924 to 1928, inclu-
sive (seo text), plotted on a logarithmic scale to show the comparative rates of change. Broken
line, number of purse-seine boats. Solid line, catch in millions of pounds

purse seiners, the rates of change in the total amount of the catch and the number
of purse-seine boats have been compared by plotting them on a logarithmic scale.
(Fig. 52.) The data for the number of boats is subject to the following minor
errors—to plus or minus one boat in 1924 and in 1925, and to the exclusion from
the number of boats in 1928 of several that visited the district for short periods and
left because of lack of fish. The errors in 1924 and 1925 are too small to be regarded.
In 1928 those boats making short stays in the district were excluded so as to allow
no personal judgment to creep into the analysis as to which boats could be said to
have actually fished in the district. In 1924 and 1925 the boats and the catch
increased at practically the same rate. Since then the catch has decreased at an
average rate of over 35 per cent each year, while the boats continued to increase
until 1927, then decreased between 1927 and 1928 although at a lower rate than the
catch. From the evidence afforded by this analysis of the purse-seine catch it must
be concluded that the Cook Inlet fishery shows a decline in abundance. This is
substantiated, as mentioned above, by the failure of the gill-net fishery.

Shuyak Strait—For Shuyak Strait the catch and the number of boats are
shown in Figure 53. They have not been plotted on a logarithmic scale because it
is felt that in this instance the two are proportional only within certain limits. All
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of the fishing is carried on in one tiny, sheltered bay, about 1% miles by 1 mile. Due
to the restricted area fished and the case of impounding there is doubt that, after
reaching certain limits, trebling the number of boats would materially affect the
catch. During the first two years of the fishery the catch was limited chiefly by the
lack of sufficient packing facilities. In 1925 these facilities were taxed to the utmost,
but were probably sufficient for nearly the maximum possible pack, since, owing to
the ease of impounding, surplus fish could be held for many days and the plants kept
constantly busy.

From 1926 on, the facilities have been sufficient for a much larger pack than
that of 1925. The drop in the number of boats in 1927 was due to the closure of
the waters of Afognak reserve to all but native fishermen, but it can readily be secn
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FIGURE 53.—Catch of raw herring and gear used in Shuyak Strait from 1923 to 1928, inclusive.
PBroken line, nmnber of purse-teine bouts, Qolid lne, catel in millions of pounds

that the number of boats was sufficient for a much greater pack had fish been available.
From the catch analysis one must conclude that there has been a tremendous decrease

in abundance.
CONCLUSIONS

From the statistical analysis of the catch the following conclusions may be drawn:

1. In southeastern Alaska the abundance remained practically at a level from
1022 to 1926, fell sharply in 1927, but recovered slightly in 1928.

2. In central Alaska as a whole, owing to the exploitation of new areas, the rates
of change of the catch and the numbers of boats were similar from 1918 to 1925, but
the catch has declined markedly the past three years.

3. In Prince William Sound except for minor fluctuations the abundance has
declined progressively since 1922. This fall in abundance has been especially rapid
in the larger sizes.

4. In Cook Inlet the fall in the catch per fathom of gill net indicates a tremendous
decrease in abundance of at least the larger sizes between 1924 and 1926.
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5. In Cook Inlet the abundance, as shown by the comparative rates of change of
the catch and of the purse-seine fleet, has fallen steadily since 1925.
6. In Shuyak Strait the catch commenced to decline in 1926 and reached the
vanishing point by 1928.
EVIDENCE OF DEPLETION

The results of the statistical analyses, the study of the composition of the catch,
and other information give evidence that, in some instances, points to depletion.

One evidence of depletion, the value of which is strengthened by the results of
the study of the independence of areas, is the lack of continuity of the fishery in any
one locality. The occasional appearance of dominant year classes may serve to
explain fluctuations in abundance but hardly explains the scarcity of herring over
long periods of years in localities where they formerly were abundant. This condition
exists in Kootznahoo Inlet (Moser, 1899), Yakutat (Moser, 1902; Alexander, 1912),
and Yes Bay (Bower and Fassett, 1913). That this discontinuity can scarcely be
due to migration is shown by the results of the studies on the independence of areas.
Depletion would seem to be the logical cause for these declines in abundance.

In the summer fishery of southeastern Alaska the abundance, as shown by the
rates of change of the catch and the number of seine boats, decreased sharply in
1927, but recovered somewhat in 1928. However, in 1928 a considerable portion of
the pack came from areas 1, 9, 12, and 13 (fig. 8), distant areas scarcely touched by
the summer fishery of previous years, so that the decline in abundance shown in 1927
may have actually continued in 1928, although obscured by the exploitation of these
more distant areas. Should this decline continue it must be considered as evidence
of depletion.

Another possible evidence of depletion in southeastern Alaska is the failure of
the amount pickled, consisting of larger fish (fig. 46), to rise in conjunction with the
tremendous increase in the total catch. However, there are so many factors involved,
economic and otherwise, as to make any conclusions speculative, for in this district
the pickling of herring has long been merely an adjunct to the oil and fish-meal
industry. The increase in the size of the boats and the spread of the fishery to more
distant areas would have much influence on the condition of the fish as received at
the plant, perhaps preventing an increase in the amount pickled.

In Prince William Sound the abundance has declined since 1922 with minor
fluctuations. This decline has been especially sharp in the pickled portion of the
catch, consisting of the larger fish. In this case the decrease in the amount pickled
represents a real decrease in the abundance of older fish, as in this area the pickling
of herring has always been the major object of the fishery. Although there are minor
fluctuations that may be caused by factors which we can not estimate, such as the
varying accessibility of the schools, yet the sharp downward trend over a 6-year
period gives evidence of depletion.

In Cook Inlet the great decrease in the catch per fathom of gill net since 1924
indicates a decrease in abundance of at least the larger fish. The analysis of the purse-
seine fleet shows that during this period both the gill-net and purse-seine catch were
decreasing. The age analyses show that there were many year classes present so
that the decline in abundance can not be construed as a mere temporary decline due
to the passage of dominant year classes. Hence, depletion is believed to have
occurred.
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In Shuyak Strait the catch commenced to decline in 1926 and had fallen to
practically nothing by 1928. The presence of fish of many year classes in the catch
indicates that this decrease can not be assigned to the passage of dominant year
classes. The decrease in abundance has been so rapid and so great as to cause one
to question whether it can be due to depletion, but the concentration of large quan-
tities of gear in the very restricted area fished makes it appear quite probable that

such has been the cause.
SUMMARY

The following brief summary is given of the main conclusions reached in this
paper:

BIOLOGY -

1. The Pacific herring is very closely related to the Atlantic herring.

2. Herring of 1 and 2 years of age occur close inshore. In the summer months
they mingle only slightly with the schools of older fish.

3. The schools of mature herring disappear after spawning and reappear in
summer. They approach the shore in the fall and remain in close proximity thereto
until spawning time. '

4. The herring are naturally smaller in the southern part of their range and
increase in size toward the north and west, the largest being found along the Alaska
Peninsula and in the Aleutian Islands.

5. The existence of separate populations of herring has been demonstrated in
California, southern British Columbia, Craig, Chatham Strait, Stephens Passage,
Prince William Sound, Kachemak Bay-Shuyak Strait, Shearwater Bay-Old Harbor,
Chignik, Shumagin Islands, Unalaska, and Golovin Bay. Dogfish Bay herring may
also be a distinct stock but more data are needed to confirm this.

6. The herring spawn later in the northern and western portions of their range
than in the southern.

7. In Kachemak Bay, central Alaska, 52 per cent of the 3-year olds, 83 per cent
of the 4-year olds, and all of the 5-year olds were mature.

8. In Stephens Passage, southeastern Alaska, 84 per cent of the S-year olds and
all of the 4 and 5 year olds were mature.

9. The age of the Pacific herring can be determined with a fair degree of accuracy
from the scales.

10. The differences in rate of growth are marked. At 6 years of age the Unalaska
herring are 6.5 centlmeters longer and 2.8 times heavier than Stephens Passage
herring.

11. The date of attainmeént or loss of sufficient fatness for pickling Wlll vary at
least two weeks in different years.

12. The condition (or fatness) attained by any certain date may vary considerably
between adjacent localities.

13. The maximum condition attained will vary considerably from year to year.
CONDITION OF THE FISHERY -

1. Owing to the short periods during which samples are obtainable from any one
locality in central Alaska, the proof of the validity of sampling must be placed largely
upon the repeated occurrence of consistent variations. ' '

2. Dominant year classes are normally present.

o b S
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3. The progression of sizes due to the growth of dominant year classes is reflected
in the commercial catch.

4. The similarity or difference between the dominant year classes in two adjacent
localities gives indications for or against the independence of the two populations.

5. In southeastern Alaska the abundance of herring remained practically at a
level from 1922 to 1926, fell sharply in 1927, but recovered slightly in 1928.

A 6. In central Alaska, owing to the exploitation of new areas, the rates of change
of the catch and the number of purse-seine boats were similar from 1918 to 1925, but
the catch has declined markedly in the past three years.

7. In Prince William Sound, central Alaska, except for minor fluctuations the
abundance has declined progressively since 1922. This fall has been especially rapid
in the larger sizes.

8. In Cook Inlet, central Alaska, both the catch per fathom of gill net and the
comparative rates of change of the number of purse-seine boats and the catch show a
decline in abundance since 1925.

9. In Shuyak Strait, central Alaska, the catch commenced to decline in 1926 and
reached the vanishing point by 1928.

10. The lack of continuity of the fishery in any one locality gives evidence of
depletion.

11. There is some evidence of depletion in southeastern Alaska, but the data on
hand do not offer sufficient proof. '

12. The data indicate severe depletion in Prince William Sound.

13. Depletion has probably occurred in Cook Inlet and in Shuyak Strait.

14. Due to the rapid growth in the third and fourth summers, any certain weight
of herring of 2 or 3 years of age is probably more valuable to the species than an equal
weight of older fish, indicating that this may be one of the best points in their life
history at which to apply protection.

15. It is deemed necessary that additional protection be applied to the herring in
the Prince William Sound, Cook Inlet, and Shuyak Strait areas.
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fine-scaled. 186
hog sucker. b 186
Missouri sucker 186
quillback. 184,185
red horse 186
silver carp. 84
spearback 185
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suckers—continued. Page
spotted sucker 188
white-nosed sucker.... . 188
sucker-mouthed minnow. .. 202
sunfish, bluegill 22
orange-spotted 202
tergisus, Hiodon 163
terrapin, diamond-back 25-70
activity, period of o
culture, artificial e ccm et cccmc—amcm—e—a—. 25-70
distribution ™
eggs, fertility of. . 3
laying of. 65
production of. 28
food, cost of. e mmcccecacecmccecemcn—e 64
growth 4
young, during winter. . 45
incubation, period of._____ 85
sex ratio.__. 67
space requirements for T
SUPVAVAL . oo oo e enan ar
thalassinus, Cy i 273
toothed herring_ - 162, 163
BPOUL e e e et rieciccmic e ccaec e ecsonanoae 71-85
bastard 81
gray. ... kit
sand 71,81,83
sea. o 82
White. ool 8
urus, Ictiobus 188
vitreum, Stizostedion.. ... 204
vigilax, Ceratichthys. 201
wall-eyed pikeperch : 208
wap 163
weakfishes. . 71-85
color. 76
gill rakers 77
fin rays. ..
white bass. .. ecemioaas 206
white crappie........._. e 202
white sturgeon 154
white trout. 8
white-eyed mooneye. 163
white-nosed sucker.. .. 188
yellow bass. 208
yellow cat._ .. e 179
yellow perch o
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