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INTRODUCTION 

In oJ;der that optimut:l use may be made of the herring resources of 
1~1aska; by makin~ the greatest possible withdrawal from the stocks each 
year rrhile peI'mitting a survival adet'luate to perpetuate the species, it 
is neces~~U".f to foretell their abundance. The basis on which such a pre­
diction can be made f or t he alaska herring vms presented in a leaflet pub_. 
lished by the Service in 19431/. · 

As poil;lted out in that paper, any change in the a~undance level of . 
the stqc!cs of herring - as in any population of living creatures - is gov~ 
erned by the ratio . of the birth to the death rate . i~ prediction <;>! cha.pgo:­
ing abundance, therefore, must be an evaluation of the gain anticipated 
fror11 the. recruitment of young fish into the stock availab,le to the fishery"_. 
balanced aga;i.nst the loss to be expected from mortality_g/. Such an eval­
uation v1as made for t he principal areas for 1943. A review of the:;e pre­
dictions ~ompar.ed to the observed conditions in each area, together v1ith 
an estimate of the probable abundance fnr Kodiak, for Prince 1i.illiam Sound, 
and for Southeastern iU.aska in the coming year is presented herein .• -

1/ - Outlook -for the Jtlask'!- herring fishery in 1943, b~r E. H. Dahlgren. 
and L. N. Kolloen, F'i.shery Leaflet 16, lJa r ch, 1943. Fish and ~.ildlife 
Se~vice, 0'hi cago• 

_g/J.~ortal1.ty 3s used her e ih includes removals from the s tock not only 
by natur~l causes, but also by the fishery • . 

Chicago 54, Ill., 1944. 



KODIAK AREA 

In the Kodiak area the evaluation of probable abundance in 1943 was 
based on the observation· that over a period of years the number of herring 
in the catch at any age is, within limits, in fixed ratio to the numbers 
of that same year class which .will enter the fishery in the following sea­
son. Thus the number of )-year recruits present in the catches of one 
year provides a basis for estimating the numbers of that year class which 
will be available as 4-year fish in the .following season. So also, the 
nwnber of fish present as .41 s has a fairly constant r elationship to the 
number of fish of that year class vrhich will enter in their fifth year, 
which makes possible an estimate of the number of 5-year fish to be ex­
pected iJ?. the catches of the next seascm. In .fact,· the number of fish 
at any age .present in the catch of one year provides a measure of the num­
ber of that ~ame year class which may be expected to enter the catches 
in the follo;ving year. Of course this cannot include a measure of the 
abundance of the fish entering the catch for the first time (J-year fish) 
so that the numbers at this age to be available in the coming year can · 
be estimated only from the average of the contributions of )-year fish 
in the past, and considerable deviations frora this average may be expected 
in any year. However, as these represent only a small pa.rt of the total 
numbers to be taken, this deficiency does not seriously interfere with 
the prediction. 

A complete outline of the procedures involved in establishing th~ 
above-mentioned ratios of survival betl1een years i s not properly a part 
of this article. Ho~ever, it may be stated briefly that they were obtained 
by comparing the contribution of the offspring of a given spawning in one 
season (as reflected in its percentage in the .catches) with the contribu­
tion of that same year class similarly determined for the season follovring, 
after weighting each percentage to account for the changes in the abundance 
of the stocks from year to year. This method provides a measure of the 
rate at which the members of a given year class augment or decline in 
available numbers betvteen the tvro seasons, i.e., with an increase in age. 
By repeating this procedure so as to include comparisons betvreen all near 
ages during the life span of a year class in the fishery, and by combining 
and averagine the ratios between ages for all of the year classes repre­
sented in the fishery for the years for which data were available (from 
1937 to 1942), the average rate at which increment 11 occurs during the 
first years in the life of a brood, and the average rate at which decrement 
occurs in that brood during i~ later years in the fishery, became available . 

'?_/ Increment, as used herein, refers to a situation in which the num­
ber of recruits entering the adul~ stock in any year exceeds the number 
removed by mortality from those already in that stock during the preceding 
year, which results in a net gain in numbers available to the fishery. 
Conversely, decrement refers to a situation in which the number of recruits 
entering is less than the number removed by mortality, so that a net loss 
in numbers available result~. 

2 



BecausP the offspring of any spavming make their contribution over 
a period of years, it becomes possible, once a year class has entered the 
fi~hery, to estimate in advance not only its probable contribution for 
the follovr:ing year, but also its probable yield during its entire span 
in the fisheIJr prov:tded that the intensity of fishing is adjusted so as 
to permit each brood to survi ve to a g;iven age. 

If the catch could be so r egulated as to i\U.fill the requirement 
that a portaon of each year class survive to a given age, it would result 

- in a stabilized fishery, with the size of the catches governed by the 
size of the increments. If, under th~se conditions, the proper age of 
survival be established, then the optimum yield (i.e., the greatest an­
nual production G11 a sustained basis) would result. In the Kodiak herring 
fishery, there is reason t o believe ~hat a survival to the 9th year ful­
fills this requirement. Under these terms nearly 90 percent of the avail­
able numbers of each brood are removed during the period of rapid groYrth 
(i.e., from the third through the 7th yen.r of life) vrhen the combined in­
creases in individual weight through &rorrth each year compensate for the 
losses by natural mortality. The survival of 10 percent to the 8th year 
insures an adUlt population adequate to make up for the frequent periods· 
of poor survival of spawn. 

F.rom the previously mentioned ratios · of increment nnd decrement it 
was evident that the most probable number of 4-year fish to be available 
in 1943 vroul,d be J.2 times the number of 3-:rear fish in 1942, that the num­
ber of 5-year fish would be 1.7 times the number of 4-year fish in the for­
mer year, that the 6-year fish would be 0.9 times the number of .5-year fish, 
and that each age group ovor six yoars would approximate 50 percent of its 
numbors in the preceding year. In explanation of these variations betneen 
ratios at different ages, it is apparent that only a small part of the total 
numbers of a year class enter the stock from which the fishery makes its 
v:ithdraw3.ls in the third year, while the other members of that brood remain 
separated and unavailable, as they wer e in their first and second years 
of life. Furthermore, only a part of the r emainder of this brood enter 
the stocks which arc available to the fishe rmen in their next (fourth) 
year, so that some remain to ent~r in their fifth, and a portion of the 
brood does not become availablG to the fishermen until their sixth year. 
The gain by the entry into the stocks of fish previously unavailable be­
tween their third and fourth and between their fourth and fifth years 
exceeds the loss by mortality during those years, so that there is an 

• actual increase in, numbers of individuals avail~o1~ to the fishery between 
the third and the fifth years. The r ecruitment occurring between the fifth 
and sixth years nearly, but not quite, compensates for the numbers removed 
by mortality, so that during thi.S period there is only a slight loss in 
the numbers available. From this age until the year class is entirely 
decimated, however, there is no further recruitment, and at the level of 
fishing intensity Trhich has been imposed, the amual mortality in these 
older ag~ groups has averaged 50 pereent. 
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It '\"TaS on the basis of these average r at es of increment and decrer.tent 
at each age, and '\1ith a knovrlcdge of the contributions mo.de by each year 
class in 1942, that the most probable pcrcentual age composition for 1943 
was det ermined. Th~ predicted and the actual percentage composition for 
the area in the past season are shown in table 1. It will be noted that 
thes e values are in close agreement except for the 4- and 5-year fish. 
The discrepancy between these was due in part to the advance in the open­
ing dat e of· the season from July 1toJune 18, since the younger age groups 
are more available during this early period than during the mid-season, 
so that a smaller percentage of five-year fish were taken than was expected. 
In view of this circumstance, it is apparent that the values established 
for the average increments at the younger ages and decrements at the older 
ages approach their true values, and so make poss ible a fairly accurate 
prediction of age composition for the coming season. 

Tabl e L--Comparison of the predictod and actual a~c: compositions 
For the Kodiak area in 1943. 

. Predicted Actual • 
Age Ye.:i.r class (percent) . (pi3rcent) • . . 

3rd year 1941 . 7 11 . 
uth year . 1940 24 . JO . . 
5th year 1939 56 45 
6th year 1936 2 J 
7th year 1937 1 1 
Bth yaar 1936 . a . 7 . . 
9th year 1935 2 2 

: 

Since it was evident from the predicted age composition that a large 
share of the catch in 19h3 would be contributed by 4- and 5-year fish, 
and since these age groups should be available in greater abundance than 
as 3- and 4-year fish, it was expected th.• t their 1ddod cont ribut ions would 
exceed in numbers the decrement in the older age groups. From this it was 
anticipated that there would be an increase in t he abundance of herring 
in the past season over that of 1942. 

As a measure of the change which actually took place, an index of abun­
dance was established for 1943 t o compare with former years. This was ac­
complished by comparing the aver age catch per vessel per day of fishing in 
the past season to the mean size of catch made by the av~rage vessel during 
comparable periods of time in former years . This index, which i s in t erms 
of numbers of barrels , was weighted by the average number of fish taken 
per barrel each year in order to r educe the index to the r el ative number 
of individu~ls tak'3n per unit of effort. By this criteri on, the index of 
abundance did not incr ease as expected, being 94.2 corapZl?'cd to .102.6 for 
1942, but it was cons i derably above the indices of 1941 and 1940, which 
were 65.5 and Bl.l r espectively. 
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A part of the decline in 19U3 may be attributed to unfavorable fish­
ing weather during su~t, which led to a considerably reduced availability 
during this period, so that the true abundance may have been somewhat higher 
than estimated. J\.side from this, however, it is apparent that the abun­
dance of the dominant 1939 year class was overestimated, and that the fail­
ure to show an actual increase must be attributed in part, at least, to 
the fa.qt triat this year class, on vrhich the success of fishing so largely 
depend~d, vras not as abundant as vras antici pated • 

Tha ave~qg~.r~tios of increment and decrement established for the 
years 1937 - 1942, on which the prediction of age composition and abun­
dance for the past se'ason v1as based, have been revised by including the 
1943 data. This ~evision show~ that, on the average, there have been 2~9 
fish in the catch in their 4th year for each one present in its third; 
1.6 individuals in their 5th year in the catch for each one present in 
its fourth; 0.8 the number present in their sixth year for each in its 
fifth; and that the established ratio of 0.5 individuals past age six sur­
viving for each one -v1hich was present in the catch of the previous season 
has reioa.ined unchanged. 

1iithin the limits of accuracy of the establish~d ratios of increment 
and decrement at each age·, which limits are governed by the accuracy with 
which the data reflect: (1) the true percentage age composition of the 
stock and (2) the true changes in abundance level, it i~ possible to es­
timate not only the probable abundance and the age comr.os:i. t i.:iri . ·r t.he 
coming year) but · also wnat yield in the coming season will. resuJ t in a 
survival approximating th.at of the past years of the fis hery. The estimates 
of each of these. •Till be given in the following paragra~hs. 

As to prediction of abundance in the caning seasai, an es timate of 
future yield must have as its basis the actual catches of previous years. 
It has been frequently demonstrated that the abundance of herring in the 
Kodiak area, as well as in the other areas, has been. greatly influenced 
by the presence in the s t ock of the offspring of one or more of the es­
pecd.ally successful spavmings. As a measure of the degree t o which the 
dominance of certain yea~ .classes has influenced the y.ield of past seasons, 
and so the extent to which it may be expected to influknce future yields 
(including th.at of 194h), the catches of all ye~rs ~or which data are 
available (1936 - 1943) were converted to numbers of fish taken from each 
year class on the basis of; (1) percentage contribu~ions at each age,(2) 
average weight at each age, and (3) total tonnage take~; and the contribu­
tions of each of the several year classes were ~otaled. These es timates 
of the nUJilber of fish ta.ken i'rom each year class are shorm in t a;:,13 2. 

These data forcefully de~onstrate that great differences have existed 
in the amount contributed by the various year classes, and are a reflection 
of the great variations in the success of spawning which occur from season 
to season. In appraising the totals credited t o the .several year classes, 
it must be understood that only. the 1934 brood has made its full contribu­
tion. The year classes preced:ing this are not represented in their ear~ 

5 



O'\ 

Table 2.--Estimet ed number s of herring tak~n from eech yePr class in the Kodi ak district ( auote 
area only) fro~ 1936 t o 1943. (in millions of fish) . 

Year YP,.- r of ca'Pt'ure : Total r emoved 
of from each 

hatch 193b l~)1 l~U B l 'j)'.j 1~40 l~'fl L"4'fc .1':1 '+J year class 

1936 2.5 ' 2.1 O.R I 0 . 8 ' <J .6 I 6. s 
1927 6.9 5.5 ~.6 1.3 .3 17.6 
1926 5,g 4.6 .2 2.1 .3 17.0 
1929 6.5 4.9 3.5 2.6 .7 l S.2 
1930 10. 8 6.1 4.6 2. B .7 0.3 27.3 
1931 137.l 104.l 67. s 43. s 10.0 3.9 0.2 366.9 
1932 2.9 4.4 11.3 4.9 l. 7 3.6 .4 0.1 29.3 
1933 2.4 6.o 5.6 4.3 2.3 1.8 • 5 I i d2.9 
1934 .8 I 4.o 7.1 6.4 4.4 4.0 .5 . l I 27.3 
1935 I 2.9 11.4 38.0 27.6 c:~ .9 5. 7 3.4 117.9 
1936 

I 
l.S 24.o ~30.6 64.6 106.7 2f:L5 10.6 366.8 

1937 2.1 2.5 7.9 2.7 1.8 17 .0 
1938 .5 5.8 4 . ~ 5. 8 16.3 
1939 27.4 62.1 81.l 170.6 
194o .o l lJ..9 72.4 86. l 
1941 1 25.5 I d5.5 

I 

I I 

:fotal I 

r e1J10Ved 175.7 148.4 143.9 239 . 7 116.2 191.1 119. 7 200. S I 

l,335. 5 
Ea ch year 

' . 



years, and those f ollowing have not y~t complete$1 t})eir contributions. 
Nevertheless, it becomes quit e evident that great differences exist in the 
ability of the various ~,rear classes to contribute and that, of the several 
classes now in the fishery, 1936 was a highly successful one (but has been 
largely exhausted), that t hose of 1937 and 1~38 were poor and will contribute 
little, and t hat those of 1939, 1940, an~ 1941 were considerably above av­
erage. i!ith the year clas ses of 1940 and 1941 being in the age groups of 
ascending abundance so that they may be expected to contribute greater num­
bers in 1944 than in 1943, and with the 1939 year class still expected to 
be a heavy contributor, a rise in abundance in the coming season over that 
o_ the last is almost sure to follow. 

If the~e is to be an increase in the numbers of herring available 
in the coming season, an increase in the catch should follow. The problem 
of determining the catch wliich will utilize this increase to best advan­
tage can be s olved Within the limits of accuracy of the established incre­
ment and decrement ratios. This follous because these averages provide 
not only a me...Jls of predicting the age composition in the coming year, 
but also of est~nating the total contribution in ntunbers of fish to .be 
expected fro:n ;my year class from its contributions to date, together. with 
an estimate oi' the r ate at which each of these year classes will contribute 
its numbers each year du~ing its span in the fishery. From these ratios 
the nwnbers of f;i.sh to be removed from each yenr class in 1944 which will 
fulfill the r equirement of survival to the 9th year can be estimated, and 
from this estimate the number of barrels to be taken can be calculated. 

The basis on which t he potential yield of a typical year class can 
be estimated from the numbers which it has contributed in its first years 
in the fis hery, together with the +atas at which t hat brood will contribute 
its number s during its span in the fis hery are s hown in table 3. Thes,e 
estimates were obtained from the established averages of increment and 
decrement and are, in r eality, an expres sion of those ratios on a percen­
tage basis . 

Table ).--Average r ates at which a year class will cont ribute 
its numbers to the fishery, based on the average rate 
of increment and decrement. 

Age 

3-year fish 
4-year fish 
5-year fish 
6-year fish 
7-year fish 
8-year fish 
9-year fish 

10-year fish 
and older 

. • . 
' . . 
• . 
: 

• • . • 
1 
: 
1 

Percentage : Cwnulated percentage 
contributed contributed at each 
at each .age : age 

6.) . 6.) . 
18.1 . 24.4 . 
29.0 . 53.4 . 
2).) 76.7 
11.6 : 88.J 
5.B 94.1 
).0 • 97.1 • 
2.9 . ·.J.00.0 • 

• • . • 
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From this t able it. fr"llows that, under a constant fishing e ffort 
of average intensity (which in t he past has permit ted a survival to the 
9th year), the numbers contributed by ah aver age· brood as .3-year fish 
will approximate 6 • .3 percent of the potential contribution of that brood; · 
the numbers contributed by that br ood in the third and Ioutth years com­
bined will approximate 24.4 percent of its total; the numbers contributed 
in the third, fourth, and fifth years combined will approximate 5.3 .4 per­
cent of its t otal, etc . , until, by the time. the brood reaches its tenth 
year, no furt her siB!lificant cont ribution can be expected. Thus, wi.th 
the total contribution of a year class at any age knmm, its potential 
contribution during its span in the fisher; can be computed. This asser­
tion will hol d only if the fishing effort is constant from year to year. 

The esti~~tes of num°b'~rs of fish caught in the Kodiak fishery each 
year (td.bli:: 2) take no accou.'lt of the differences in amount of fishing 
effort exp:;11ci:3d in rauking the catches in the v:irious years. Because the 
amount of " ''fort expended has v;iried widely from year to rear, these fig­
ures, whilA they do show the relative ~bundance of the year classes within 
each year , re no:. a true r eflection of the relative abundance .of ~y of 
the year r ~ses betveen ye~rs . In order to correct for this difference 
in fishir.r; ·l fort in e!J t i muting the potential production of each year class, 
the numbers of indivi dual s t:~ken from ea.ch class in each s eason has been 
weighted o:r the abundance index of that year . From this revision an es­
timate of the nurribers· of fish of each ye.:lr class which l'TOUld have been ~­
moved each season if the fishing effort had remained constant, is available. 
F.com these , ;eighted est:ilr.ates, the potential contribution of each of· the 
year cl~ses during their life, and the numbers of fish to be contributed 
by each in 1944 i'TaS calculated. These estimates are s hown in table 4. 

' From these estimates the most probable distribution of ~ges for 19h4 is 
~lso availa~le. If the i ncoming 1942 year class is of average abundance 
so that it uill represent 8 percent of the totalJ then the most probable 
percentag~ age composition for the coming se3son is as shown. 

The yield in barrels of the number of fish shown in table 4 C<lll be 
calcul~ted, since the numbers and aver~ge weight a t edch age a~e knawn. 
The combined total of ~11 year classes is slightly more than J00,000 bar­
rels. .. it"l a catch of this mar.nitude in the Kodiak district., the yec'.lr 
classes now in the fishery should survive in some numbers through their 
ninth year. If this follows with the withdrawal of the number of fish 
allotted, then the abundance will be maintained at a level sufficlently 
high to insure nn adequate spi1wning populntion. Future heavy contributions 
by year classes not yet in the fishery may permit of further increases in 
the catch, but even if the next ye:i.r classes (those of 1942 arid 1'9ti.3) are 
of low numerical strength, there will be a sufficient reserve of older fish 
to avert a sudden decline. The i nflux of large number3 of recruits from 
the three consec~tive spawnings of 19.39, 1940, ~nd 1941 has bolstered the 
stocks to a. level considern.bl~r above that of recent years. The increased 
harvest reflects this fortunate occurrence. · 
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Table 4.~Estimates of the numbers of herring to be contributed 
by each year clas s during its life, the numbers to be 
contributed in 1944, and the .pePcentage occurrence of 
each age group in the catches irt.that year, based on 
·aver3ge r ates of increment and decrement. In millions 
of fish. 

Age : Year 
class 

3rd year: 1942 
1-ith year: 1941 
5th ye:i.r: 19h0' 
6th yem: :' 1939 
7th yeclr : . 1938 · 
8th ~rear : 193 7. . 
9th year : 1936 

10th year: 1935 

T ·Potential 
: total 
: contribution 

. . . . 

. . . . . ·• 

327 .d 
J?7..·S 
321.2 
20.1 

~ .16. 9 
344·.0 
116 .. 4 

ecmt~ib~ti~~: t 

. v • •• 

expected in : Percentage 
: 1944 · ·:contribution 
: . . . • 

. . . • .•. . 

. . 

21.2 
59. 2 
95.0 
74. 8 
2.3 
1.0 

10.3 
1. 7 

. . . • . . 
: 

a!I 
22 
36 
28 
1 ... 
4 
1 

ll The cont~ibutio~ of ~h~ 3-yeur fish is an ~verage of the 
cont;ributions ma(,ie 'Qy .. the .several year classes which have 
entered the f i shery in the past 8 years. 

PRHJC E: WILLIAH sourm AREA 

The prediction made ·ror the 1943 season in. the Prince William Sound 
area covered two separat e periods of the fishery, summer and f ull . The 
occurrence of seP<:L!'~te 11r .uns 11 of herring; vrhich 'is peculiar t o this area., 
is discussed in"the 1943 r eport. For those not acquainted with the char­
acteristics of these swnmer and fall rµns their outs tanding f eatures are 
her e revi ened. 

The summer run is avu~labl~ in greatest abundance from the opening 
of the season in l ate JW'le , until mid-July. The fall run, ,;hen present, 
usually begins in l ate Au~ust· end reaches ' its'peak in September. h dis­
tinct period of slack fishing ' mar ks the interval bet neen the two. 

·- . . 
Age composition dat a since 193T have established that the summer run 

is composed l ar gely of individuals of the· younger age groups, i.e ., of 
3- to 5-year and infrequently of 6-year fish. The fall run, on the- other 
hand, when of som~ .magnitude , .has· been comp-osed-·l argely of individuals 
six year s of nge and older. The•exi~tence of.the two runs is attributed 
to a different i al schooling of· the herring, with the young fis h be ing 
available in gr eat est numbers in the summer, and the ol der indi viduals 
being most avail~ble in the fall. 
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Table 5.--Estima ted numbers of h£rring te~en from e~ch year cla5s in the Prince ;illiem Sound 
~istrict from 1937 t~ 1943 (in millions of f i sh) 

. 
Year of: Totel 

: 1937 1 3 1939 ~~-~~ _ {____!9·!3 contrib~_tion 
hat ch : , . I . t I '"" ! I of ea ch $.< H H ,.. ' j 11 

: ~ ~ ~ ~ ~ ~ ~ :=i j' · ·' -, J : .: 1 

~ ~ 1 yea r cla ss 
: ~ ru ~ ~ ~ r!! a r~ ' ~ ~ t r~ ~ ~ & :rn ~ Ul U) rn _ . J en _ ·l · 

I . I - - - :f - . ----+-------

: : :1 ~ : : I : : : j : : : f: :· ~ I : : : . 1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 

... 
0.6 

2.3 
1.5 

13.0 
6.1 
8.4 

'23. 7 
95.6 
LS 

2.4 
10.8 
9.4 
8.2 

s.5 
88.9 
5.2 

10.3 
8.7 

21.3 
.5 

. ' .. 

• • . 1.2 
. .. 2.6 
. . . 4. 9 
0.2 10.6 

.6 7.9 
2.9 ·85.s 
1. 5 11.0 I• 
2.3 8.8 

10.9 5.1 
140.2 47.5 
32.9 18.3 

... .. 

0.3 
.3 

l.l • 
1.9 

.3 
1,9 

.5 2.9 0.2 
1.8 "4o.l 1.1 
1.0 · 3.0 ... 
1.2 - 2.3 .2 

1.2 .4 .4 
87.0 42.4 24.o 

138.0 2S.6 37.d 
l~.3 1.9 6.B 
1.2 .1 9.0 

• • • .!I ••• 

o.4 
4.0 
.3 
.4 
.4 

32.3 
44.l 
lB.9 
45.9 

.7 

. . . . . . .. . . . . . 1· . . . r ... 
~~~ ~~~I~~~ ,~~~ ~-~I~~: 
0.2 .2 .. . . •.• ~ - · .• . ... 

. .3 
. . . .3 
.2- .6, ... 

10.J l~.5 
17.9 32 .2 
6. 9.5 

14.6 
8.5 

2. .4 

O·. l 

.1 
4.5 
4.2 
.6 

0.5 
.7 
.l 
.4 

3.0 
1.0 

0.1. . .. 

.3 0.1 
lL~ ·1.5 
4.o i.1 
6.1 6.1 

~ 

II 

4.7 
16.1 
14.9 
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Because of this peculi<ar individuality of the runs, because the dat;;i. 
available on the age composition for the SUillr.ler and fall periods are not 
continuous for a sufficient period of years, and because no reliable cri­
terion of relative abundance is available since 1941, it has not been 
possible to postulate with accuracy .the average rates of increment and 
decrement in this area as was done for Kodiak. Therefore, no prediction 
of the age composition for the coming year, no estimite of the potential 
contribution of each of the several year classes, ann no precise estimate 
of the optimum yield for the Prince William : . .iound fishery can be made. 
The probable abundance in each period can be based only on a general ap­
praisal of the abundance of the year classes which will contribute to 
each part of the season. 

In Pr~~ce ' lilliam Sound as in the other areas of Alaska the spawn­
ings have re~ with varied success, some producing in abundance, some being 
virtual fa~:·.i.res. In all years of record, the abundance in this district 
has been h.Lfh when dominant year classes, which have resulted from the 
occasional Highly successful spavmings, have been present in the catches. 
In those 31:"<..rs in which such dominant classes were young, and so present 
in the sumn..-r fishery, the catches in that period were high; in those 
years in which thes e dominant groups were older and had entered the fall 
fishery, the catches in that period were high until, With increasing age, 
mortality finally decimated the brood. 

Table 5 shows the estimated contributions (in millions of fish) made 
to the sU1IW1er and fall fisheries by each year class during the fishing sea­
sons of 1937 through 1943. During this period four dominant year classes 
have appeared in the fi~hery, thosa of 1931, 1935, 1936, and 1939. In 
the summer fishery, the contributions of the 1935, 1936, and 1939 year 
classes accounted for the successful operations of 1937 through 1941. 
The 1931 year class had already entered the fall fishery by 1937, so that 
no evidence of its earlier dominance in the summer fishery is available. 
The 1935 year class yielded a total of some 223 million individuals as 
3-, 4-, and 5-year fish in the summers of 1938, 1939, and 1940. The 1939 
year class contributed some 138 million ) -year fish in 1941, the last year 
of large-scale summer operations, and 16 million more in the following 
two years of restricted fishing. .'fuen the contributions of these dominant 
year classes are contrasted to the contributions of the less successful 
broods, their importance in the fishery becomes clearly evident. 

As to the fall fishery, the 1931 year class, which yielded 219 mil­
lion fish to the fall fisheries from 1937 to 1940, after having already 
contributed to the summer fisheries from 1933 to 1935 and to the fall fish­
ery of 1936, was exhausted by 1940. Because of the heavy contributions 
in early life by the 1935 and 1936 year classes, their numbers had become 
so reduced byi the time of their entrance into the fall fishery (at age 6) 
that they were unable to make heavy contributions to that fishery. ilith 
no further contributims availaolc from the 1931 year class, with the 1935 
and 1936 year classes unable to continue their heavy support, and with the 
remaining year classes of 1932, 1933, 1934~ and 1937 of minor importance, 
the fall operations of the years follovling 1940 have been of meagre success. 
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It i s evident, then, that the abundance of herring in Frin.ce :·rilliam 
Sound has b~en, and will continue to be, dependent on t he presence of 
dominant year classes, and that the relative success of the SUilU!ler and 
fall periods of f:i:shing w~;tl reflect the ·age of those ~ear e:las.ses which 
~re present. Hith this ba.ckground lmo\r::\,ecige the predictions made for 
the season o.t: 1943, and tihe outlook for 1944 can be better evaluated. 

Summer Period 

The prediction for the summer run in 1943 was that three year classes 
would suppor t the fiS·hE>r7, t hat of 1939 as 5-year fish, that of 1940 as 
4-year fis r , and tloi1t oi 1941 as )-year fish. ,Because the first two of 
these (193 -:..1d 1940) would not be adequate to support an intensive fis·h-
ecy, and c l d .not have e~tensive Wi.thdrawals imposed against them, it 
was urged ~t operatio~s in the district be curtailed. This conclusion 
v1as bas~d t he .fact that ·the e)Ctensive wi thdraVTal already ma.de against 
the 1939 lr ...,, r cla.ss (146 million fish) in 1941 was an excessive -removal 
.for one ye;;: , and ir~ compensat.l.on its contribution as 4- and .5-year fish 
had to be ;·e-d\lc~d in order that it !Jlight survive in sufficient numbers 
to enter t1~ Eall fishery. In addition to this, the poor showing mad~ 
by the 194C1 year class during the 1942 season indicated that it was not 
of exceptional abunrlance. The value of the 1941 year class vraq unknown, 
but it vras considered ill-advised. to impose an intens ive drain op this 
year class, with its members being only 3-year fish. 

-l ... 

Because of '.the limited quota allotted, none of the p~ants in-this 
district uere operated during the summer per:j.od. Some 25,000 barrels 
were taken by units of the Kodiak fleet, lo_rhich made trips to Prince 1iilliam 
Sound prior to the closing of the dis"t;.rict on July 15. These fish vrere 
transported to Kodiak for processing, so that age composition data were 
obtained. These data are shmm in table 6. 

TaQle 6.--Pe~centage age compo~~tion of the 1943 summer fishery 
in Prine e llilliam Sound 

Year : .. Percentage 
Age . • class composition . • . . 

)rd year 1941 . • 27 
4th year : 1940 . 18 .. 
.5th year . 1939 . .53 • • 
6th year : 1938 . 1 • 
7th year . . 1937 . • ... 
8th y_ear, . 1936 . l .. . 

~ : 

• 
12 
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As expected, the chief support of the fishery was from the year 
classes of 1939, 1940, and 1941. The dominance of the 1939 year class 
is again demonstrated by its 53 percent contributron to the catch. As 
the contribution of the entering 1941 year class was 27 percent, it must 

'be assumed that this year class, too, is of considerable numerical strength. 

Lacking the operation in this district of a definite number of boats 
making a consistent search for fish, no exact measure of abundance, based 
on the catch per vessel per unit of fishing time, can be made. The only 
available measure is ona based on reports and observation . That the abun­
dance was high is suppo~ted by the fact that the Kodiak boats were able 
to ·obtain cdpacity load::. With the expenditure of little effort. Further 
confirminG t-vidence was the report by both herring and salmon fishennen 
that schoc of herring v1er1:J present in nearly all of the bays in tire 
vmstern en : :mce of the sound. 

This increase in abundance was not unexpected because, in the Sound 
as at Kadi ,:, there is evidence of an ascending recruitment from the third 
to the fou.,.·;,,h year and from the: fourth to the fifth year, so that an in­
crease in a'·a.ilable numbers of the 1939 and 1940 year classes occurred 
between the 1942 and 1943 seasons . Then, also, the entry of the 1941 year 
class in considerable a~undance added to the total stock. Those factors 
combined to increase the abundance in the district considerably above that 
of the previous year. 

In the cornine year the summer fishery in this district 11ill be sup ... 
ported by tho year classes of 1940, 1941, and 1942 as 5-, 4-, and 3-ycar 
fish, r espectively, vrith tho possibility that at l eas t a part of the 1939 
year class 1·;ill r emain available during the summer pGriod as 6-year fish. 
As has been dornonstratcd, the 1939, 1940, nnd 1941 yeur classes are far 
a o OVQ avt.r .:lgc abundance in the.: I~odiak ar.:i.:1. . Since successful year classes 
have been demonstrated to occur in all districts if they occur in one, 
it is anticipated that thcs~ srunc year classes will be of· sufficiunt 
abundanc e to contribute heavily in Prince William Sound. \iith at least 
two year classes of above average abundance in the fishery, neither of 
which has yot contributed in large numb~rs, ther e is reason to believe 
that the abundance in this ar~a w·ill be high during the summer period 
of 1944. 

No~1ithstruiding the favorable prospects for a high abundance of herring 
in the swnmer run, good management requires that only a moderate withdrawal 
be made during this period. This follows because it is this sam~ body of 
fish, if allowed to mature past the fifth year, which Will support the f'u­
ture fall fisheries. Unless the romovnls · from the swnm~r fishery are ad­
justed so as to pennit the survival of consideruble numbers of the success­
ful year classes to their siXth year and beyond, not only will the fonnerly 
important f.'.lll fish1JF.f r emain a minor one, 'but ther e will be no r~servo 
of ::i.dults Wi. th w!iich to sustain the fishery over a period of light recruit­
mont. Such periods have been conunon in the past and it may be <lSsumed 
that they vrill recur in the future. 
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F.i.11 Period 

A review of t ho f~ll opor~tion for the past s eason establishes that 
the run durine this ped .od i,·m.s ;i f ailure , as pr !dictod. Thv fall run, 
dcp Jndent as it i s f or i ts success on the abundance of the older ago groups , 
held little promise of a. good ;>ri e:ld. The dominant 1935 and 1936 year 
classes ho:d .:Urc'1dy boon decimated by the h.Ja~r vrithdrD.wals r.u1dc against 
them in the.. swnm .. r oper t:ttions of 1937 to 1941 and in tha fall oper·itions 
of 1939 and 1940, so t hat their munbers were not sufficient to support he:ivy 
fishing D.ft·.J r thc.t year. The following two year classes of 1937 and 1938 
wer o of minor imoort nnce, and could not be expect ed to contribut~ heavily. 
In confirm~tion of this, t he age composition data for tho fall fishcz:y 
( t ~le 7) s t.ou t h&• t onl~ two percent of the catch was made on fish past 
t l-i..:ir sixth y _ar. Only the you.11ger <lgo classes, which are not available 
in abundanr.,c during thu f...11, '\'Tor e t aken. The catch of 8,000 barrels made 
by !-ha tVlo vessels uhich oper~tod in the district uas not unexpectedly 
s •. 1aJ.]. . 

Table 7.--P,rcunt~gc age composition of the 1943 f nll fishery 
in Pr i nce , f illimn Sound 

. YYtr Purcent::i.ge . 
Age . cl.n.ss compos ition . 

: . . 
2nd year . 1942 . 1 . • 
3rd yenr 1941 . 68 . 
4th year 1940 • . 12 
5th year . 1939 17 . 
6th ;,re '1r 1938 . 1 . 
7th yc..._r 1937 ... 
8th ycq.r 1936 . 1 . . . 

In thei coming year the 1939 year class, wpich has been est ablished 
as bLing cortsidernbly above ;~verag~ abundance , should ent er the f all fisherJ 
in large numb~rs. Because past records indicat e that occasion:tl.ly a year 
class in its sixth yc:'l.r has distributed its contribution between t he sum­
mer and f~ll periods , rath~r then appearing wholly in thu f~ll, it is pos­
sible that this y~~r class m~y contribute an unexpectedly l ar ge shar e of 
its numbers to tho summer fishery £:.t the expensu of the fall run. If this 
s ' ould occur, then, th~ summer run will be of higher, and the f all run of 
lower, abundance, than expected. It is certain t hat t ne success of the 
fall fishery ~11 depend l argely on the availabilit y ~f this year cl ass, 
now th.1.t the 1935 and 1936 classes are kno'\'ffi to be e.~austed, and t he 1937 
and 1938 classes to bo of ninor importance. If the availability f ollows 
th~ established pattern, the prospects for a successful £all oper ation in 
1944 and in the years immudiately following ara good. 
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In sunm1ary, ii.t is apparent that because of the entrance of several 
s uccessful year classes ii.to the summer fishery, coincident with the ma­
turing of the 1939 year class into the £al~ f~~hery, the prospects for 
1944 are favorable. The year classe$ now in the summer tishery should 
furnish an abundance of fish, but since the support for the· .fall fishery 
in future years r ests on the survival of these groups through age five, 
the catch during the surmner period must remain at a relat~vely>low level. 
~·dth the support of the abundant 1939 year class ·good catches can be an­
ticipated in the fall fishery. · The decline of recent years has been checked, 
and a ne\1 cycle of abundance begun. If carefully guarded, the resource 
s hould continue to yiel c.' well over a long .period. 

S~UTHEhSTER11 AIASKA AREA. 

It ha3 been demonstrated repeatedly that the degree of success attend­
ing the spavming each season follows the same general ps. ttern in all of 
the areas. The series of three spawning failures which followed the highly 
successful hatch of 1931 resulted in a decline which was more apparent 
in the Sou tr.eastern than in either the Prince William Sound or Kodiak 
areas, although the latte~ two· were also affected by coincident failures. 
This difference follmved because the Southeastern fishery had be~rt inten­
sively exploited £or a longer period than had either of the others, so 
that the reserve of older fish required to maint~in the fishery over s~ch 
an extended period of low recruitment was smaller than that of the other 
areas, and insufficient to permit continue.d heavy Withdrawals . Because 
no reserve of older fish existed, and.because withdrawals exceedeu the 
replacements during this period, the abundance in tm.~ area began to decline 
after 1934, and had reached a very low l evel by 1938. 

The above statement is made witn particular r eference to the Cape 
Onunaney fishery, from ·which an average of more thap 80 percent of the 
Southeastern catch was made during the decade' preceding its decline in 
1938. Since the catch of the Southeastern area is s.o largely dependent 
on the supply of herring available at t he Cape, 'the £actors which have 
governed the ability of this district to produce have controlled the suc­
cess of the entire operation. 

The great differences in the contributions of ·the ·various year classes, 
which have been so largely responsible for the changing abundance in this 
district, are shown in table 8. This estimate of the numbers of fish 
which Y-tere taken from each year class in the Cape Ommaney district during 
the d.ecade 1929 - 1938 ·is based on the same procedure as was applied to 
the Kodiak data shown in table 2. The magnitude of the dominant 1926 
and 1931 year classes and the r elative insignificance of the 1930, 1932, 
1933, and 1934 class es is clearly evident ~ 
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~?ble 8 . --Esti mated number s of herring t aken from e~ch y€ar cl as s in t he Cape Omm~ney district 
of Southeastern from 1929 to 1933 (in millions of fish) 

Ye gr - - ·Total removed. 
of 

Year of capture from each 
hatch 1929 1930 1931 1932 1933 1Q~4 ~ :l:.. ~ l"1~6 I J._J:L.l lq~g year clnss 

I 
1919 o.4 I o.4 

l 

1920 .9 o.4 
I 

I 

I 1.3 I 

1921 .4 .4 I I 
_g 

1922 4.4 1.0 

I 
o .. 5 

11 
5.9 

I 
1923 5.3 2.4 1.5 9.2 
1924 9.8 4. 7 .5 I I 15.0 
1925 20.5 7.0 6.5 9.7 I 43 .7 
1926 396.5 257.6 129 .1 70.2 112.g 5.5 971. 7 
1927 6.7 60.2 56.6 20 .s 52.7 20 .2 0.1 225.3 
1926 1.3 25.7 c!.7. <:J 45.3 16.s 1.3 .2 116.5 
1929 · 1 31.5 90.3 98.0 36.2 1.6 1.4 0.2 0.1 259.'5 
1930 .. I 9.7 34.o 18.5 7.9 2.7 1.8 .1 74.7 
1931 11.3 323. s 232.2 80.5 55.1 4.6 707.5 

; 

1932 .4 9.7 10.4 11.9 1.6 34.o 
1933 ' 

3.1 17.4 17.5 1.8 39.s 
1934 I I 10.6 47.2 2.9 60.9 
1935 

I 
I .5 118. 5 38.l 157.1 

1936 I• I I 5.4 13.0 18.4 

Tot.c l I 251·.9 removed 444.9 335.0 236.6 354.1 421.4 256.0 124..0. 257.6 '62 .2. ~ 2, 743. 7 
e ach ves>r t 

. 
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Follovn.rig the decline, by 1937} in the ~vail.able numbers of the 1931 
year class, only the offspring of the 1935 sparming remained in any numbers 
to support the·fishery . Because these were not of sufficient abundance 
to maintain the level of f i ... "·ing intensity imposed,. the abundance dropped 
and it was deemed necessary to close the waters ilpm.~diately adjacent to 
Cape Onunaney to fishing in 1939 so as to offer added protection to this 
population. In the year following, when it' became "Svident that the 1936 
year class was not of adequate abundance to support the fishery, ~perations 
in the entire area were suspended. Because :the 1937 and 1938 spawnings 
were unsuccessful, the two limited operations carried on after this closure 
(in 1940 and 1941) were failures . ~Io operation was attempted in 1942. 

The predict.ion of an increased abundanc.e in this district of South­
eastern in 1943 was based ~n the knowledge that each area has been influenced 
by the same spawning success:es anti failures. From this it was assumed that 
the 1939 year class, vrhich first appeared ir\ numbers as 3-year fish in Prince 
William Sound i.~ 1941, and which so largely supported the operation in the 
following year at Kodiak, 11ould be prese~t in Southeastern in numbers suf­
ficient so that the a oundance in the Cape Ornmaney area would have at least 
partially recovered from the lov: l evel at which ,it stood from 1938 through 
1941. 

That the abundance was reestablished at a level above that of recent 
years is evident from a comparison of the average size of the catches made 
in this district during the past season to that made by comparable vessels 
in preceding years. The catches on which this index was based were weighted 
so as to account for the differences in numbers of fish taken per barrel 
each year, in a manner similar to that described for Kodiak, The index so 
es tablished is shcr.-m in tabl e 9. The index of 128 for the past season when 
c cmpar ed with those of the previous years is evidence that a marked increase 
has occurred in the numbers of fish available in this district. 

Table 9.--Index of rela t.ive abundance of herring in the Cape Ommaney 
district of So~theaste.'71 from 1931 to date, based on the 
average number s of fish made per delivery. 

Year • • Index . • Year • . Index 
• • • • • • 

1931 . 93 i 1936 : 61 • 
1932 132 : 1937 . 79 • 
1933 • 92 . 1938 : 38 • . 
1934 . 87 . I . . . . * . . 
1935 • 68 . 1943 . 128 • • • 

: • • . . 
That this abrupt rise in abundance has resulted from an influx of 

new recruits into the stock, and is not the result of older age groups 
again becoming available, is evident from an examination of the age com­
position data for the district, shown in table 10. As expected, none of 
the older age groups made significClnt contributions, 
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Table 10.--Pi.;rcenta.g .. age com~ "ition of 
.. 
t he C:lp'.: Ornnane:y district 

of Southeastern in 194J . 
. 

f c.;.o.r . Perc~ntage . 
Age class . cQmposition . 

3rd yo:ir 1941 13 
4th year . 1940 59 .. 
, th year 1939 21 
6th year 193B 4 
7th year 1937 2 
Ath yo.:ir 1936 1 . : . 

The proportion of 5-year ·fish of the 1939 year class to the 4-ycar 
fish of 19LC wns sornevrhat less than anticipated. However, in view of the 
apparent t : :h abund'1.ncc of the stock, this does not nocess1rily imply that 
the 1939 s:.:mming wns l ess successful than anticipated, but may be inter­
preted as :~1icating t ha.t the 1940 spawning produced an even greater number 
of offs.pring than did th:i.t of 1~39 . 

It was the hi.avy contributions of the 1939 and 1940 year clnssos which 
were so largely r esponsible for the increase in abundance of herring in 
t~ts Cape area in the past season. Thoso year classes alone should bo 
ad~quate to support a fishery of some m~gnitude in 1944. In addition to 
these broods, however, the 1941 year class may be expected to add consid­
~rable numbers to the stock available n~xt ye~r . This follows bcc~use 
tt~ above~voragc contri~utions in the past se~son of this year clns s as 
3-year fish in Kodiak ar,j in Prince \iilliam Sound as well as in this area 
gives promise that a third consE!cutivc spa.vming has met v1ith success . 

With the 1940 and 1941 year classes being in the age groups of ascend­
ing abuncbnce so thnt an increase in their numbers may be expected, and 
with the continued support of the 1939 year class, from which only a small 
\'rithdraVial ht•s so far been made, there should be an abundance of herring 
at Cape Omma.ney in 1944. This augmented abundance should permit of an in­
crdascd harvest, and if the ye·1r classes which make this increase possible 
prove to bu as abundant as the d~ta at hand indicate, then the operations 
in this area m~y soon again be ~~anded to approach their former importance . 
rmen this is <lchieved,. withdrawa~ need be limited only to an amount pro­
portionate to the capacity o~ thu stock to I!lllkc r eplacements. 

EXPLhNuTORY NOTE: The series, Special Scientific Reports, embodies results 
of investigations, usually of rectricted scope, intended to aid or direct 
management or utilization practices and as guides for adnlinistrative or 
legislative action~ It is issued in limited quantities for the official 
use of Federal, State, or cooper~ting agencies and in processed for~ for 
economy and to avoid delay in publication 
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