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ABSTRACT

Tbe relation between mideye-fork length and number of eggs for red s..'l.lmon at Brooks
Lake (1957-58) and &arluk Lake (1958) is established. A review of available literature
on fecundity at Karluk Lake indicates that there may have been a long-term decrease
in the size of females and correspondingly in the average Dumber of eggs per female.

Annual variations in age composition by life-history categories and in sex ratios
affect the number of eggs available for deposition. Analyses of Karluk Lake red salmon
stocks show II. relation be~ween the ocean age and size of fish and their fecundity, those
fish of a greater length of ocean residence and size having the largest number of eggs.
Since a distinctive seasonal pnttern in the occurrence of life-history categories and related
sex rntios exists, it is theorized that the commercial fishery could be so concentrated as
to deplete that portion of the run of highest egg production potential.

IV



FECUNDITY OF RED SALMON AT BROOKS AND KARLUK LAKES, ALASKA

BY WILBUR L. HARTMAN AND CHARLES Y. CONKLE, Fishery Research Biologists
BUREAU OF COMMERCIAL FISHERIES

Fecundit.y of red salmon, Onco'i'hynchIM 'lINh'O.

(W'albaum), was st.udied n,t. Brooks and Karluk
Lakes, Alaska, for use in est.imat.ing t,h~ repro­
ductive potentral of spn.wnillg st.ocks. Repro­
ductive potential is defined here as the tottl.l
number of eggs available for seeding in a partie­
ular spawlling population. Sueh informa.tion

Lake by way of Shelikof St.rait and Karluk River
(fig. 1). The Bureau of Commerein.l Fisheries
maint.ains rese.areh stations at both lakes to invest.i­
gll.t.e factors responsible for fluc.tua.tions in the
ltbundanee of salmon runs that. have occurred in
these areas (U.S. Fish and W'ildlife Service,
1958). Certain specific problems differ between
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FIGURE l.-Brooks and Karluk Lakes in western Alaska.

forms the basis for det.ermining survival rates of
red salmon during va.rious life-history stages in
fresh water.

Adult. red salmon .enter Brooks Lnke by wny of
Bristol Bay and Naknek River, and enter Ka.rluk

NOl'F.,-ApI,r"""d for publication..Tan. Ill, Hlllft. J·'i,h"r,v
Bulll"tin 180.

552701-60

the lakes, but. all research is integrated int.o a
broad study of the physical, chemiea.], and hio­
10gienI factors a.ji'eet.ing the fresh-water survival
of red salmon.

Red salmon were sampled from spawning mi­
grat.ions into Brooks Lll.ke in 1957 nnd 1D58, and
into Kltrluk Lake in 19:')8. Earlier data are avn.il-

5:3
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able for Karluk Lake and a.re used for comparison
in the discussion t.hat follows.

'Ve wish to express our thanks to Allen Mc­
Cready, 'William Pogue, lmd Patriek Tomlinson
for a.id in developing and conducting field opera­
tions, and to Theodore n. Menell and .John B.
Owen of the Burea.u of Commercial Fisheries, for
reviewing the manuscript..

COLLECTION AND TREATMENT
OF MATERIALS

Ovaries use.d in these st.udies were obtained
from females trapped at. adult. immigrat.ion sites
at. both lakes. They were taken throughout the
season and over the size range of females in t.he
stoeks. A few females killed during beaeh-sein­
ing and gill-netting operations in Brooks Lake
were also used. Only females not fully ripe were
examined. This redueed the possibility of indud­
ing partially spawned femllles.

Both oV'aries were removed intaet. and placed
in ~O-percent. formalin. An identHieatioll tag was
attached to the right oval'Y to distinguish it from
the left. After harde.ning for at least .J:8 hours,

ovaries were removed from the formalIn and thor­
oughly washed in water. The eggs were st.ripped
fwm the ovarian tissue by hand and also thor­
Ollghly washed in water. Total numbers of eggs
were counted in each ovary of each female
sampled at both lakes. A mechanical hand tally
was used.' _.. .

Sampling methods involving volume. or weight
were experimented with at Brooks Lake in If/58.
The most. re.liable method was to extract :3 ran­
dom IOO-egg samples from e.ach gonad and esti­
mate the total count. from the average count­
weight relation of the selected samples. Fec-lllldit.y
was usually estimated wit.hin g percent of the
actual count. This method is suffieient.ly a,ccu­
rate and should be considered where extensive
fee.nndity stndies are scheduled.

RELATION BETWEEN SIZE OF FISH
AND FECUNDITY

A relat.ion exists between t.he size of fish and
t.he n11lnber of eggs in the body ca,vity. Rickel'
(193g) shows that t.he relation between fish length
u,nd egg eount. in brook t.rout (8all'elillu8 fontin-
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aliJ5) is cUJ'vilinea-r. Rounsefell (1957) states that
over the IHLrrOWer ranges of length at maturit.y
found in OncO'I'hyncku8 sp., the straight.-line equa­
tion adequately describes the relntionship. This
view was held earlier for red sa·lmon by Foerster
and Pl'itehard (HI41). They belieyed t.hat. fhe
ovem.lI relat.ion Let.ween fish length lLlld number
of eggs was probably logarit.hmic, but since adult.
spltwning red salmon genera.]]y fa II within a lim­
ited size range, t.he st.raight.-line equat.ion was
adequate.

Total egg counts for fema les exumined at Brooks
and Karluk Lakes are plotted against. mideye.-fork
length in figure 2. Linear regl'ession equations
were derived for t.hese sets of data. by the met.hod
of lenst. squares.

Since fecundity studies itt Karluk Lake hnve
involved vltrious length measurements, lengt.hs in
t.his papel' represent trlHlsformations to mideye­
fork lenl:,>1".hs from data. given in figure 3. The
mideye-fork length is measured along the side of
the fish from t.he center of t.he eye socket to the
fork in the ta.il. This lengt.h was first. used in
Alaska hy the Fisheries Research Inst,it.ute of the
Uniyersit.y of ·Washington. It avoids the varia­
bilit.y in tot-al lengths associated with ehanges in
the appea-rance of t.he skull during development. of
secondary sexual charncterist.ics among most
spa.wning sltlmonids.

The earliest recorded st.udy of fecundity Itt
Karluk Lake was eondueted by Chamberlnin
(1907) who obtnined a mean egg count. of 3,500
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per fish. In 1926, Smith (in: Gilbert ILnd Rieh,
1927) examined ovaries from 40 femILles and ob­
served a mean feeundity of 3,728 eggs and (\. mean
mideye-fork length of 56.4 cent.imeters. A mean
feeundity of 3,237 eggs and a mean lengt.h of 55.4
em. are derived from data given by Rounsefell
(1957) for 411 females examined from 1938 to
1941. The average length o~ fE.'ma.1e red salmon
in the 1958 eseapement at Karluk Lake was 51
em., a.nd the average feeundit.y was 2,762 eggs.

These data suggest a long-term decrease in size
!lJnd fecundity of red salmon at Karluk La.ke that
may be real aud thus an important eonsidemtion
in the declining ablUHlance of t.llfi.t stoek. This
indiea.t.ion of a downward trend in size and fecun­
dity may also be due to sampling inadequacies.
The 40 fish studied by Gilbert. and Rich (1927)
were collected on a single ({n.y, Septembe.r 15,1926.
The 411 fish included in the analysis by Rounse­
fell (1957) were taken ehiefly from the spring
portion of the run. As we shnll see in a Inter

section, age and size composition of the run
cha.nges during the season. Therefore, difference.'3
in mean size and fecundity may reflect diffe.renees
within seasons as well as between seasons.

Recent data on red salmon in Alaska show that
lengths and fecundity vary considerably. Mathi­
sen (1955) 1 found for 1948 and 1950-52 that the.
mean mideye-fork length of females 'at Piek
Creek (a tributary of Lake Nerka in the Bristol
Baya.rea.) was 53.0 em., and the average fecundit.y
was 4,011 eggs. Average lengths and fecundities
at Brooks Lake for 1957 were 55.5 em. and 3,916
eggs, a.nd for 1958 were 53.3 em. and 3,898 eggs.
Average length was 51 em., and ave.rage fecundity
was 2,762 eggs for 1958 at Karluk Lake.

These differences are not due exclusively to vari­
ations in fish sizes bet.wee.n yea.rs or stocks. Rea.l
differences in fecundity for fish of the same size
are shown by RounsefeJI (1957) and a.re'elearly
evident bet.ween Brooks and Karluk Lakes stocks
(fig. 2).

VARIATION BETWEEN PAIRED OVARIES

Although the maturation rates are the same for
eggs in the. left and right ovaries (Rounsefell,
1957), the number of eggs in each side is usua.lly
different. Brown and Kamp (1942) state that in
brown trout (8abno trutta) the posterior port-ion
of t.he intestine usua.lly bends to the right, erowd­
ing the right ovary at its posterior end and making
it smaller than the left. No bend in the intestine
was detecled in brown trout wit.h ovaries of the
same SIze..

Egg counts for left. ovaries were plotted agILinst
those of the corresponding right. ova.ries for 1957
and 1958 samples at Brooks Lake a.nd for 1!l58
samples at Karluk Lake (fig. 4). Ninety percent

of the left ovaries held more eggs than the right
in 1957 Brooks Lake samples, 91 pereent in 1958
Brooks I..Jake samples, and 69 percent in the 1958
Karluk Lake samples. Red sa.1mon at Bare Lake
on Kodia.k Island have the opposite condition,
more eggs in the right ovary than in the left (Nel­
son, 1!)59). Ka.rluk Lake datn are consistent with
Rounsefell's (1957) findings in 1939, in which the
numbe.r of eggs in ovaries from small fish was
similar between right and left sides; but as the
total number of eggs increased, the proportion in
the left ovary became increasingly greater than
in the right.

REPRODUCTIVE POTENTIAL OF SPAWNING POPULATIONS

The number of salmon spawning in a loca.lit.y
is often regarded as indicative of t.he reproductive
potent.ial Escapement figures have been used
since the incept.ion of lTIll-llagement of our salmon
resources to pre.dict the st.rength of future runs.
Howe\rer, considern.ble variability in the repro-

1 Studics on the ~\lawl1ing biol0lt~· of the red salmon, Ol/cor­
h/lllc/1I1" IIr,"kn (Wnlhnlll11). in Brl~tol Bar. Ala~ka. with ~p..cial
refcrence to the effect of altered sex ratios. Ole A. Mathisen,
doctoral <lissel"tation. Uni\'~rslty of Washington.

duct.ive potential may actually exist. independent
of the actual number of spawners.

Annual differences in sex mtios alone can cause
subst.antial differenees in t.he number of eggs
available for deposition. Average fecundity for
female red salmon was relatively stable during
three years at Bahine Lake (Wit.hIer, 1950), but
a high preponderance of males in one of these
years re·duced by one.-ha1£ the reproductive poten­
tial of that spawning population, even though the
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FIGURE 4.-Egg counts for right. and left. ovaries of fem.ale red salmon sampled at Brooks Lake, 1957 and 1958, and
Karluk Lake, 1958.

lUuuber of spawners was approxima.t.ely the same
(table 1). Ma.thisen ~ in a study of egg morta1ity
as reln.ted to sex rntio differences condudes that
in red salmon, mortalit.y of eggs was only slightly
higher with It sex rntio as high as 15 females to 1
male than with a ratio of 1 to 1. Thus, even a
highly unbalanced spawning stock fa.voring fe­
males may result. in only minor deereases in ulti­
mate egg survival from each female. Such a stock

• s~(' fuutllot" 1.

might yield a considerable increase in' potent.ial
production over st.ocks of the same size, but with
more evenly balanced sex ratios.

TABLE l.-Ueprodllctivc potelltial of red salmoll at Babille
Lake. ill 1946, 1947, and 1.949 (after frith/er, 1950)

I

Item 1946 194i 1949
---
Tot:\1 numhN or red salmon 4i5.4W 522.51\1 509,132
F.st.imatod numb"" or r.'mules.:::: 23i,500 I,'\I,O:?O ~iO, 45\
Potcnt.iul egg dcposlt.;on.......... i3fl, 000, 000 4f,I, 500, 000 916, (\00, 000
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Variability in life-history categories among
fpmales C:1Jl be the cause of considerable change
in repl'oduetive potential from year to year,
even thongh t.he number of spawners and sex
ratio remain constant. Life-history cat.egories
are defined as groups of fish with rlilt'erent
combinations of fl'esh-watcr- and ocean-)'ears of
life and are denoted by 2 figures; for inst.a.nce, 53
denotes fish that migrated t.o t.he oeenn in their
t.hi.rd yea.r of life and returned t.o spawn in their
fifth year. Analysis of the Karluk Lake age data
in 1958 shows that 2 major categories dominate
the spawning populations, 53 and 64 (table ~).

However, in some years one or more other age
categories contribute eonsiderable numbers of fish
to the. run. The salient fe.ature. of this population
structure (table 2) is the great differenee in the
length and feeundity relation between life-history
ea.tegories with 1, 2, and 3 years of oeeau life;
i.e., 43 and 54 versus 5a and 64 ve.rsus 63 and 74,
Marked annual differenees in the abundanee of
l-oee:m-year, 2-ocean-year, or 3-ocean-year fish
could substa.ntially alter the reproduetive
potential

TABLE 2.-Reprod1lC;til1e potential of the 1958 escapement at
Karluk Lake by life-history categories

I.il~ history Numher 01 Meal1length Mean I~cun- Pot~ntial egg
category f~rual~s I Cern.) , dity' d~posi!.ion

"--
4, 814 43.5 1,674 1.363.000
5, 2,471 43.8 1.717 4.243,000
5, 60,872 51. 4 2.810 171,050.000
6, 53.601 5UI 2.796 149. 868.000
6, 8.695 54.3 3.227 28.059.000
7, 2,186 53.8 3.155 6.897,000

Total'. ____ -------------- -----._------- ---------~_._- 361. 480. 000

I Based on a sample cl 2.108 red salmon from the 1958 escapement.
, Mideye-Iork length.
• n"tel'lIIined b~' substituting mean lengths into the leeundity ~Quation

(fig. 2).
, The '"cry minor categories. 4" 6" and 7,. contribute all estimated 1.000.000

eggs to the potl'ntiall'gg d,'posi!.iol1.

Sex ratios for each life-history eategory must.
be c.onsidered in a.ny st.udy of t.he reproductive
potent.ial of spawning populations. Barn'aby
(1944) shows that. the sex ratio of the Ka.rluk
Lake spawning populations varied considerably
when important life-history eategories varied in
dominance. He found over several years that the
nverage proportion of males in the l-ocean-year
eategories (43 and 5.) rnnged from 100 to 75 per­
cent, the 2-ocenn-year categories (5" and 6.)
ra,nged from 6~ to 32 pe.reent., and the 3-ocean­
year categories ranged from 38 to 35 percent.

The reproductive potential and the egg c.ontri­
bution from each of the six major life-history
c.1Lt.egories eomprising the 1958 run at Karluk
Lake is shown in figure 5. Examination of these
dat.a indieates that 89 perc.ent of the eggs for
potent.ial deposition came from the two 2-ocean­
yea.r e:ttegories, 53 and 6•.

Barnaby (1944) shows that a se.asonal pattern
of appear:mee. of the dift'erent life-history cate­
gories exists at Karluk La.ke. As the. daily c.om­
position of the run changes throughout the season,
obviously so does the reproductive potential. It
is possible that the cOllllnerc.ial fishery could have
been conce·ntrated during that seasonal time of
migrat.ion when important groups such as the 53
Ilnd 6. c.ategories were moving through the fish­
ing grounds. As a result, the rt:'.produetive.
potential. of the spawning populations eould be
seriously reduced beeause of a shift in age com­
position to younger ocean-age groups. These
fish on a. ont:'.-for-one basis a·l'£'. less fecund. It
is interest.ing that the 3-ocean-yea.r c.a.tegories (63
and 74) accounted for only about 6 percent of the.
1958 esc.apement, which is the lowest contribution
by these groups ever recorded (Rounsefell, 1958:
156). At the same time the l-oeean-year cate­
gories (43 and 54) accounted for 17 percent of the
1954 escapement, which is by several times the
highest c.ontribut.ion from those c.a.te.gories ever
recorded. AnaJysis of future Karluk esc·ape.­
ments will determine if this substantial shift in
oc.t:'an-age composition is the result of a real trend
or merely variabilit.y in year-class strength.

It is coneluded that a detailed study of the re­
productive potent.ial of the spa.wning populations
is necessary to est.ablish n basis for fresh-water
survival studies of l'£'.d salmon. It may also
serve to help explain, at. least in part, the causes for
dedines in red salmon runs over the past. decades.

SUMMARY

The relation bet.ween egg eOtmt. and mideye­
fork length was deri \Ted for Brooks and Karluk
Lakes red salmon. Comparing rec.ent Karluk
Lake data with past feeundity studies indicates
that a. long-term deerease in meun size and femm­
dit.y of females has oec.urred.

Red salmon at Brooks and Karluk Lakes eon­
sistently had more eggs in the Ie.ft ovary than in
t.he right.
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Variability in the reproductive potent.ial of
spawning stocks was shown t.o be attributable to
at. least. -1 f:tctors: (1). biologieal differenees in
fecundity between fish of t.he same size, (2) ehange
in the life-history composition of spawning stocks,
(3) differenees in sex ratios between life-history
eategories, and (4) seasonal differences in repro­
ductive potential evidenced from the well defined
pattern of occurrenee by life-history categories 'at
Karluk Lake.

The possibility of the comme.rcin.} fishery being
coneentmted on the most. feeund life-history cate­
gories is theorized ItS n. contributing factor to the
declines in red salmon runs over the pn.st several
decades.
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