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OCEAN I{ORTALITY OF RANCIIED SALUON
DTIRING THE SECOND 'YEAR IN THE SEA.

SMOLTS RELEASED 1988 AI{D ]-989.

II{ITRODUCTION.

Survival rate during the second year at sea depends on many

factors such as predation and fishing.
The purpose of the following estimations of mortality in the

second year is to evaluate whether one shoufd use two-sea-winter
salmon stocks for ranching instead of grilse stock. At the same

tiine the results can also give an indication of mortality of wild
stocks during the second year in the sea.

In ocean ranching programs of returns micro tagged salmon in
Iceland are quite well documented as almost all returning salmon
return to the site of release. Salmon not returning to the site of
release ( strayers ) return to other ranching si-tes or to rivers
where tags are retrieved.

}IETHODS.

Survival rate during the second year at sea \'ras calculated
according to Murphy's method (Ricker, L975t pp. 2OO-2O2). Murphy

used the method to estimate survival during the last year of sea
Iife . In his experiments solver salmon ( Oncorhynchus kisutch )

mature at age 2 and 3; among mature age-2 salmon males are in
excess, whereas females are usually in excess at age 3. This is
sinilar for Atlantic salmon in sea ranching in the southwestern
part of Iceland where salmon return as l--sea-winter salmon (grilse)
and two-sea-winter salmon. Three-sea-winter salmon are seldom
found. Males frequently dominate in the grilse whereas 2-sea-wj-nter
fish are mostly females.

Let there be M' males and F' females approaching the end of
their first year in sea (approaching grilse). Let x be the fraction
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of l-sea-winter males which matures, y the fraction of l-sea-winter
females that mature, and S the survival rate of non-maturing 1+
sea-winter salmon of both sexes up to the time they approach
naturity as 2-sea-winter sal-mon. Then the expected numbers in each
category are as below, and can be equated to observed numbers A,
Br C, D:

1-sea-winter salmon 2-sea-winter salmon

Males

Femal es

Total

M,

Ft

Maturing

M'x-A

F'y-B

Not maturing

M'(1-x)

F'(1-y)

Maturing

SM' ( 1-x):c

SF' ( 1-y ):D

For l-sea-winter matures (grilse), males exceed females and the
difference is A-B:M'x-F'y .

For 2-sea-winter matures, females usually exceed males and. the
dif f erence is D-C:S (M'x-F'y+F'-M' ) . If we know the ratio of the
two sexes bef ore any mature as l-sea-winter salmon then VI, /F r:Er .
The best approach to t a' is killing a random sample of outgoing
smolts in a ranching program and study their sex ratio, and assume
that mortality of sexes is the same before they reach maturity as
1-sea-winter fish. The expressions can be developed algebraically
into estimates of S ( Survival ) .

a*D-C
aa-D_

A-a*B

Where the numbers of females and males returning as 2-sea-wj_nter
fish, corrected for sex ratio of outgoing smolts are in the
numerator, and in the denominator, 9rilse counted one year earl-ier
and also corrected for sex ratio.



Mortality is then calculated as 1-S.

If a fishery attacks 2-sea-winter salmon near the end of the life
span, the method can still be used if the two sexes ar equally
vulnerable or if the catch of each sex can be added in to C and D.

In that event fishing mortality is included in the estimate of
total mortality ( 1-S ) . If a significant number of 1-sea-winter
salmon are caught in the sea., the method will fail unless estimates
of number and sex of these removals are obtained and brought into
the equations. In Iceland all fishing for salmon in the sea is
illegal so one would expect that fishing mortality was negligible.

I1TATERIAL.

The material used is from two yearclasses of smolts reared at
the Experimental Fish Farm in Kollafjordur Sw Iceland. in connection
with the selective breeding work. In yearclass 19BB LL.276 smolts
were released of Kollafjordur ranching stock and in yearclass 1989
54.437 smolts from the same stock were released.. Before release a

random sample of smolts were killed and sex ratio studied.
Returning fish $ras slaughtered at returning site. Strayers were
also reported and included in the sample.

RESULTS AI-ID DISC'T]SSIONS

In table 1 sex ratio is given for both yearclasses of released
smolts.
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Tab1e 1. Number of
outgoing smolts

males and females and sex ratio of
released in 19BB and 1989.

Stock

Ko1 laf jordur

Kol laf jordur

Year

19BB

L989

Males
U

105

2].5

Females
oT

105

250

Sex ratio
c/a

1.0

0.86

There j-s no significant difference between the the two
yearclasses in sex ratj-o (X :O .822 p-0. 36 ) . These sex ratios
however are the best point estimates for each yearclass for sex
ratio and will be used in the calculations for mortalities.

Table 2 shows the number of returning salmon as grilse and 2-
sea-winter salmon grouped by sex, and mortality during the second
year in the sea calculated by the previous formula.

Table 2. Number of returning sal-mon as grif se and 2-sea-winter
salmon grouped by sex and calculated second year

mortality.

Stock

KoI laf jordur
KoI laf jordur

Release
Year

Gri l-se
-.? nUY

Salmon Mortality
dez

19BB 87
1989 255

13
31

9
92

35
220

65
57

The data of the returning fish satisfy the assumptions of the
above equation, where the number of mal-es is greater than f emal-es

in the grilse and more females return as 2-sea-winter salmon.
The total returns were quite low the two years or L ,282 for

yearclass 19BB and t,LZ for yearclass L9B9 , presumably due to poor
conditions in the sea.

The estimated second year mortal-ity is very high , 65 Z for
yearclass 19BB and 572 for yearclass 1989 . Tomasson ( 19BB )
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estimated mortality during the seqond year to be more than 40-50%

given that the sex ratio of outgoing smolts was 1.0 without having
data to support it. He concluded that the mortalities were mainly
of natural causes, because there is little to indicate that the
salmon from ranching programs in Iceland are caught at the high
seas and no sea fishing takes place in home waters. It is known

that 2-sea-winter salmon from Iceland migrate to the coast of
Greenland and to the area around the Faroe Islands (Gudjonsson
1989 ) . During the years 1989 to 1991 fishing for salmon at the sea

was common in these areas and may have resulted in lower survival-
during these years, but it is very difficult to estimate the
nortalities due to fishing alone. It is difficult to imagine
natural predators on 2-sea-winter fish. These might be seals and

large whales.
In the summer of ]-992 more i-nformation will be added with the

third yearclass where sex ratio is known on a fanily basis in
connection with the selective breeding work for ocean ranching in
Iceland. But the resul-ts show that one should seriously consider
to using only grilse stocks for ranchingr because mortality is so
high in the second year in the sea.

In the report of the working group on North Atlantic SaLmon

(Copenhagen L4-2L March 1991), natural mortality rate is estimated
L7eo per year in the West Greenland sea. The results in this paper
give total mortalities that are about 5 times higher. The reason
f or this wide d.ivergence in mortal ity estimates need to be
investigated.
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