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Distribution of Spawning Pink Salmon in Sashin Creek,

Southeastern Alaska, and Survival of Their Progeny

By

WILLIAM J. McNEIL, Fishery Biologist

Bureau of Commercial Fisheries Biological Laboratory
Auke Bay, Alaska 99821

ABSTRACT

The escapement of pink salnnon (Oncorhynchus gorbuscha) to Sashin Creek,
southeastern Alaska, in 1963 was 16,757 fish, and fresh-water survival calculated
fronn potential egg deposition and nunnber of outmigrant fry was 20 percent. The
spawning ground was divided into three areas--upper, middle, and lower--for the

study of density of spawners and survival of progeny. The density of spawners was
highest in the nniddle area. Survival during spawning was low in each area; survival
between the end of spawning and the beginning of fry ennergence was variable among
the three areas; and survival during fry ennergence was high in each area. From
egg deposition to fry emergence, survival was estinnated to be 31 percent in the

upper area, 16 percent in the middle area, and 15 percent in the lower area.
Although the upper area was highly productive of pink salmon fry, it has had

intensive spawning only in years when the density of spawners was high. When the

density was low, spawners tended to concentrate in the lower area. The validity of the

supposition that only highly productive spawning beds are used when escapements are
small is questioned. The observations at Sashin Creek indicate that relatively large
escapements help ensure complete use of productive spawning beds.

INTRODUCTION

The production of fry of pink salnnon
(Oncorhynchus gorbuscha) can vary greatly
among areas within a stream (Merrell, 1962;

McNeil, 1966). Much of this v a r i a t i o n may
be due to the distribution of spawners.
Frequently, small runs spawn in restricted
areas in a stream, whereas large runs spawn
throughout a stream (Kaganovskii, 1949;

Hunter, 1959; Merrell, 1962; Vasilenko-
Lukina, 1962). It has been postulated that

areas not used when runs are small have
relatively poor conditions for eggs and alevins

(Neave, 1953 and 1958; Pritchard, 1948; Semko,
1954; Ward and Larkin, 1964).

Recent evidence from studies on Sashin
Creek, a small stream on Baranof Island,

southeastern Alaska, is not in full agree-
ment with this hypothesis. Merrell (1962)
demonstrated that a spawning area used little

in a year of low escapement was used in-

tensively in a year of high escapement; in

the year of high escapement this intermit-
tently used area had a high survival of eggs
and alevins and produced an exceptionally
large number of fry.

To clarify the relations among the distribu-
tion of spawners, survival of eggs and alevins,
and production of fry in Sashin Creek, I

studied a relatively large run of pink salmon
that spawned there in the latter half of August
and in September 1963. Survival from deposi-
tion of eggs to emergence and migration of

fry was determined in three areas that to-

gether included 97 percent of the area used
by spawners in years of large escapements.
In this paper, estimates of survival of embryos
and alevins are compared with the density of
spawners in the three study areas, and sur-
vivorship curves are described for each area.
Also discussed is the concept that large
nunnbers of spawners are required to ensure
complete use of all productive spawning areas
within a stream.

Only a small portion of Sashin Creek can
be used by salmon spawners. Although the

creek is about 4,000 m. long, a waterfall
1,200 m, from the head of tide prevents
further upstream movement of spawners.
Little spawning occurs in a narrow canyon
that extends 300 m. downstream from the

waterfall or in the intertidal zone, where
the gradient is steep and the bottonn is mostly



bedrock. The main spawning ground--
13,629 m.^--lies between the intertidal zone
and the canyon. This study considered a

13,084 nn.^ area, which was divided into three
areas--upper {Z,945 m.^), middle (4,067 m,^),
and lower (6,072 m.^). The upper area has a

relatively steep gradient and coarse mate-
rials in the bed; the middle area has an inter-
nnediate gradient and medium-sized materials;
and the lower area has a shallow gradient
and fine materials (table 1).

Table 1.—Size conposition of bottom

materials-'- and average gradient in three

areas in Sashin Creek



Table 2.— Estimates of density of female pink
salmon spawning in three areas in Sashin
Creek



Table 5.— Expected and observed numbers of

early- and late-spawning female pink salmon
in three areas in Sashin Creek

[X2(2 d.f.) = 7.87 (probability = 0.02)]

Area



Table 7.— Percentage of 0.1-m. "^ sanpling

units with more than three eggs of pink

salmon in three areas in Sashin Creek
i E
k i =1

(live) ij



Table 9.— Estimated percentage of eggs and alevins from the 1963 brood year of pink salmon that

disappeared from three areas in Sashin Creek during and after spawning



Patterns of Fresh-water Mortality

Before I describe the temporal patterns of

fresh-water mortality, I shall review the
chronological events pertaining to Sashin Creek
pink salmon of the 1 963 brood year. ** Spawners
first occupied the spawning ground August 10,

and the die-off of spawned fish had nearly
ended by September Z9. About 85 percent of

viable eggs had hatched before Decennber 12.

Fry migrated between March Z5 and June 1.

Estimates of survival and mortality are given
for the following periods in fresh water:

1. Egg deposition (mid-August to

late September)
2. Egg deposition to hatching (late

September to mid-December)
3. Hatching to fry emergence (mid-

Decennber to late March)
4. Fry ennergence and migration

(late March to late May)

Total

Months

1.5

2.5

3.5

2.0

9.5

Survival within the nth period is calculated
fronn the equation:

Si

-n S

Sn - S

-1 -2 • -(n-1)

(Z)

(3)

The estimates of survival shown in table 8

are used to connpute survival during periods
1, 2, and 3. An example from data for the

upper area will illustrate how the computa-
tions are nnade. Survival in period 1 is esti-

A A
mated by S to end of spawning, giving S, = 67

percent for the upper area. Survival in period
2 is:

A 0.33

0.67

= 0.49.

Survival in period 3 is:

S3 =
0.32

= 0.97.

(0.67) (0.49)

Survival during period 4 (fry emergence
and migration) was high. The total abundance
of alevins was determined from samples
collected at the beginning of fry ennergence

^ The term "brood year" describes the year of spawning

and is not necessarily synonymous with the term "year

class," which applies to either the year of hatching or the

year of emergence of the fry.

(early March), An estimated 3,342,000 alevins
were in the streambed; 3,256,000 (97 percent
of the estinnate) were subsequently counted
at the weir when they were migrating to sea
as fry. Samples collected on May 2 in all

three areas and May 24 in the middle area
also indicated that mortality in spawning
beds was low during fry emergence. Survival
was assunned to equal 97 percent throughout
the streann during period 4.

The estimates of survival in each of the

four periods and the total for all four periods
are summarized in table 10. The estimates
of total survival (from potential egg deposition
to nnigrating fry) weighted by size of the study
areas are used to compute total survival
for pink salmon of the 1963 brood year for
the stream as a whole. The estimate ob-
tained-- 19 percent--agrees closely with the
estimate of 20 percent obtained from potential

egg deposition and number of fry counted
at the weir.

Instantaneous nnortality coefficients corre-
sponding to the survival percentages given
in table 10 were also calculated. The mortality
coefficients provide direct conaparisons of

rate of nnortality among the areas and pe-
riods considered.

In computing mortality coefficients, I as-
sumed that the rate of change in nunabers of

live eggs and alevins with respect to time,

dN
dt

-, was constant within each time period and

area. Thus, for the jth area and the nth period:

(4)

dN .

_J2.= -MN.
dt —in

where M^ is the mortality coefficient.

The exponential equation:

N
'jn Mt

(5)

N'jn

is obtained by integrating equation (4). In

equation (5), the denonninator (N'jn) is the
number of live eggs and alevins present at

the beginning of period n, and the numerator
(Njn) is the number at the end. Hence, the

following relation holds:

N.
-in

= 3jn = e

Mt

The equation:

M
li2(Sj^)

(6)

(7)

is obtained by conversion to natural logarithms.



Table 10.— Estinates of sxirvival of pink salmon of the 1963 brood year during
four periods in three areas in Sashin Creek

Area



materials in the upper area suggest that

intragravel waterflow and oxygen supply are
favorable (Vaux, 1962; McNeil and Ahnell,

1964). The dissolved-oxygen levels of intra-

gravel water rennained relatively high in

the upper area throughout the period of spawn-
ing in both 1962 and 1963, whereas in the
nniddle and lower areas they were relatively
low in August (table 12).

The existence of an environment favorable
for embryos in the upper area was also indi-

cated by a high percentage of live eggs in

the samples collected Septennber 25. In the

upper area, 86 percent of the eggs were
alive--3ignificantly more than the 64 per-
cent in the middle area or the 73 percent
in the lower. The better survival could have
resulted from the higher dissolved-oxygen
levels in the intragravel water in the upper
area (higher than 64-percent saturation).
Phillips and Campbell (1962) observed less
than 25-percent survival to hatching of ennbryos
of echo salnnon (O^ kisutch ) and rainbow trout

(Salmo gairdneri ) which had been buried in

streambed gravels and subjected to dissolved
oxygen levels averaging less than 7 mg./l.
(lower than 65-percent saturation).
Although the density of spawners was highest

in the middle area, the density of eggs was
highest in the upper area; 78 percent of the

potential egg deposition wras estimated to

be in the upper area, as conapared with 31

percent in the nniddle and 38 percent in the

lower area. Since the spawners retained only
4 percent of their eggs, it appeared that

losses from redd superimposition and other
factors that cause eggs discharged by females
to disappear from the spa'ATiing bed were
low in the upper area and high in the nniddle
and lower areas. I believe that the per-
centage of {potential egg deposition present
in the spawning bed at the end of spa'Aming
was highest in the upper area because of

the coarser bottom nnaterials there.
Survival in period 1 (egg deposition) was

much higher in the upper area (67 percent)
than in the middle area (20 percent) or the
lower area (28 percent). The calculated in-
stantaneous mortality coefficients were 3 to

4 times higher in the lower and middle areas
than in the upper area during period 1.

In period 2 (deposition to hatching), sur-
vival was high in the middle and lower areas
but low in the upper area, where large num-
bers of eggs and alevins disappeared. Factors
causing eggs and alevins to disappear from
the upper area were not identified, but scav-
engers or predators may have played an
important role.

In period 3 (hatching to fry emergence)
survival was high in the upper and middle
areas but low in the lower area, where dead
alevins were considerably more abundant in

samples collected in late March than they
were in the other two areas. The low survival
in the lower area was not due to predation

Table 12.—Dissolved-oxygen content of intragravel water in three areas in Sashin Creek,
1962 and 1963^

Area and date
Water

tenperature

Concentration of

dissolved oxygen

}/ean

90-percent
confidence limits

of the oean

Saturation

Upper
August 23, 1962
August 7, 1963
Septenber 13, 1963.

Septenfcer 27, 1963.

ittddle

August 23, 1962....
August 7, 1963
Septentier 13, 1963.
Septentjer 27, 1963.

Lower
August 23, 1962
August 7, 1963
Septentier 13, 1963.
Septentjer 27, 1963.

1^-

13

13
12

9

13

13

12
9

13

13
12
9

6.9
7.3
8.8
8.2

5.0
5.1
8.4
9.2

5.2
5.9
8.3
3.7

±0.8
+ .6
+ .6

+ .6

±1.0
±.5
±.6
±.4

±.7
±.6
±.6
-^ .6

Percent

65
69
81
71

47
48
78
79

49
56
77

Methods of sanpling were described by fcfcNeil (1962).



or dislodgment from the gravel by high water-

-

the dead alevins were still present. Poor
water circulation within the spawning bed
in the lower area, which has a low gradient
and relatively fine particles, may have pro-
duced weak alevins that had a lowered sur-
vival rate during winter.

The high survival throughout the streann in

period 4 (fry emergence and nnigration) indi-

cates that predation was not severe during
this period.

The number of viable pink salmon eggs
of the 1963 brood year declined from about
16.8 million to about 5.6 million between
the beginning and the end of spawning. Mor-
tality in autumn, winter, and spring further
reduced the number to 3.2 nnillion fry mi-
grating to sea. Total fresh-water survival
was estimated to be 31 percent in the upper
area, 16 percent in the nniddle area, and
15 percent in the lower area (table 10). The
number of fry in spring 1964 was about
360/nn.^ in the upper area, 268/nn,2 in the
nniddle area, and 174/m.2 in the lower area.

Table 13.—Survival of pink salmon from potential
for the 11 larger and 11 smaller

Merrell (1962) also observed a considerably
higher density of fry of the 1959 brood year
in the upper area (about 325/m.2) than in the
lower (about 135/nn.2).

In 2 years of high abxindance (1959 and
1963), spawning pink salmon were concen-
trated in the middle area, whereas in 2
years of low abundance (1958 and 1964),
they were concentrated in the lower area.
In 1959 when 35,391 fish migrated upstream,
the density of spawners was at least twice
as high in the middle area as in the other
two areas. In 1958 when only 217 spawning
fish entered the creek, they concentrated
in the lower and middle areas (Merrell, 1962);
in 1964 when 2,200 fish were counted, I ob-
served the highest density of spawners in
the lower area and alnnost no spawners in
the upper area.

Little is known of the factors that cause
pink salmon to select particular sites for
spawning. Fabricius and Gustafson (1954) found
that char demonstrated a preference for ma-
terial of certain sizes in the spawning bed. In

egg deposition to migrant fry in Sashin Creek
of 22 escapements, 1940-63^

Conparative size of

escapement and
brood year



the present study the size of females did

not strongly influence their distribution. Fe-
males tagged August 20 and 21 demonstrated
a downstreann "shift" in their distribution

on the spawning ground in the latter half

of the spawning period in 1963. This change
in distribution occurred after streann dis-

charge increased from 0.3 to 3.0 m. /sec.
or more; hence, the increased turbulence of

the water in the upper area, which has a

steep gradient, could have caused late spawners
to seek the less turbxilent water in down-
streann low-gradient areas.

If density of spawners is high in the upper
area of Sashin Creek only when the escape-
ment is large, it could be the result of

crowding in the middle and lower areas,
which might cause the spawners to "over-
flow" into the upper area. This behavior
could contribute to relatively low survival
of the population in years when spawners
are scarce and to relatively high survival
in years when spawners are abundant. Data
for 22 broods of pink salmon in Sashin Creek
show survival of fry from the 11 smaller
broods to average 4.5 percent of the potential

egg deposition and survival from the 11

larger broods to average 8.2 percent (table 13).

Although these data demonstrate that low
abundance of spawners offers no advantage
in terms of an increased percentage survival,

the average survival of the progeny of the

11 larger escapements was not significantly

greater than that of the 1 1 smaller ones
(t_ = 1.27; 20 degrees of freedom).

The supposition that only highly productive
spawning beds are used in years in which
escapements are small is to be questioned;

when escapements are small, the more pro-
ductive spawning areas of Sashin Creek are
not always used. This behavior cannot be ex-

plained fully at this time. Yet if predation is an
important cause of mortality in the upper area,

mortality could increase in that area as the

size of the population decreases. If so, it could

be beneficial for small escapements to spawn in

the downstreann areas even though physical
characteristics for growth of embryos and
alevins might be less favorable. Additional re-

search on this problem is needed.
Behavior traits that affect distribution of

spawners should receive consideration in the

management of pink salmon. Because of possi-

ble unequal distribution of spawners, it might be

desirable or necessary to provide escapements
in excess of those which would be required if

spawners were distributed uniformly. Crowding
on certain spawning beds may cause some
spawners to leave and use spawning beds that

are more favorable for developing embryos and
alevins.
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