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Study of body and scale growth of young coho salmon,
Oncorhynchus kisutch (WALBAUM), in hatchery

Mamoru KATO*

Abstract

Growth of body and scale, and time of check formation were studied by using young coho salm-
on in hatchery of Northwest Fisheries Center, Seattle, Washington, U.S. A.

In the experiment (A), fork length and body weight were increased from summer to fall when
the water temperature decreased from 14.4°C to 10.0°C. Then they ceased to increase in November
when the temperature was 10.0°C, while they began to increase in February under the temperature
of 5.6°C. In the experiment (B), they were increased from March to June, then nearly ceased in
July and again rapidly increased in August when the temperature rose from 7.8°C to 14.4°C from
March to May and remained 14.4°C from June to August.

Body growth was much related to variations of fish metabolism as same as scale growth. But
there was time lag between cessation of body growth and that of scale growth. Cessation of scale
growth preceded that of body growth.

Three kinds of checks were found in scales of young coho salmon for a year. The first check
was formed of 22% of fish around April, the second one was formed of 909 of fish in June and July
and the third one was formed of 9797 of fish in October and November. The former two checks
were false age mark and the latter one was true age mark. Checks were formed when growth of
scale characteristics varied with variation of fish metabolism. Check formation preceded cessation of
body growth; when checks were formed, body growth was still rapid.

The difference between the present result of age determination and that of other reports seems
to be bigger than that depending on variations among years and local groups. It is thought that the

difference is sizably caused by reading of false age mark.

Introduction

Japan Science and Technology Agency sent the author to Northwest Fisheries Center,
National Marine Fisheries Service in Seattle, Washington, U.S. A. to study the fresh water
life of Pacific salmon from September 1974 to August 1975.

The initial purpose of the study was to compare hatchery salmon growth with natural
growth, but owing to the difficulty in obtaining natural fry, the study was almost entirely
confined to hatchery fish.

It is well known that the growth of fish depends on water temperature, food amount,
light, space and crowding (BreTT et al, 1969; BiLton and Rosins, 1971a, 1971b, 1971c;
Swirt, 1955). The growth of scale is also related to these factors through the growth of fish
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body (BiLton and Rosins, 1971a, 1971b, 1971c; Major and Crabpock, 1962; BiLton, 1973).

An experiment using young coho salmon, Oncorhynchus kisutch (WaLsaum), reared in
hatchery was carried out to know growth of fish body and scale, and time of check forma-
tion in relation to water temperature and food amount. In this report the relation between
water temperature and body growth (expressed by fork length and body weight), growth of
scale (number of circuli and scale radius), and time of check formation are presented.

“Checks” formed by closely spaced circuli occur at various times of the year as a result
of many factors. “Age mark” is one of them and breaks out in winter. It has more extend
range from fall to spring. Checks other than age mark are called “false age mark”.

I. Materials and methods

Rearing experiment (A) was carried out from mid-September 1974 to late April 1975.
The coho salmon used in this experiment were spawned in November 1973 and hatched out
in February 1974 in incubators of Northwest Fisheries Center. They were held in a 6 meter
diam circular holding tank located outdoors from March to June. On June 10 of 3,000 fish
were transferred to a 1.5meter diam circular holding tank that was also located outdoors.
Rearing experiment (B) was conducted from early March to mid-August 1975. The coho salmon
were spawned in November 1974 and hatched out in February 1975 in the same place as the
experiment (A). They were also held in 6 meter diam circular tank located outdoors from
March to May. In late May about 3,000 fish were transferred to 1.5meter diam circular
tank located outdoors. In both experiments, water temperature was controlled not to exceed
14.4°C in summer. But otherwise the temperature was allowed to fluctuate as did the water
source. The fish were fed 5 days a week and the amount of food was 29 of body weight
per day in the experiment (A) and from June to August in the experiment (B), 6% from
March to April and 4% in May in the experiment (B). Oregon moist pellets were used as
food.

Measurements were made every 10 days (there were small fluctuation from 8 to 11 days)
on 20 to 36 fish. The fish were anaesthetized with M. S. 222, then measured their fork length
and body weight, taken scale samples, and returned to the tank.

Scales sampled were preserved in slide glasses and examined by microprojector. Scale
image were enlarged to 100 x and measured along the longest scale axis from the center of
nucleus to the edge. The narrowly spaced circuli of the check preceding more widely spaced
first circulus is reffered to here as check circulus. Measurements carried out in each scale
were as follows:

1. Number of checks

2. Number of circuli from nucleus to edge
3. Number of circuli from nucleus to checks
4. Scale radius from nucleus to edge

5. Scale radius from nucleus to checks

As other materials, Mr. R. Major, Northwest Fisheries Center, permitted the author to
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use the body length and weight records, and scale samples of smolt coho salmon caught in
Yakima River, Washington, 1959 to 1963. In addition, Washington State Fish and Game De-
partment gave the author scale samples of adult coho salmon caught in the Pacific Ocean

faced to Washington State, 1965 to 1966. These scale samples were measured by the same
manner mentioned above.

II. Experiment (A)

1. Body growth and water temperature

Range of water temperature

The fluctuation of water temperature during the experiment was associated with changes
in the air temperature that occurred through the seasons of fall, winter and spring. Water
temperature decreased from 14.4°C to 5.6°C from mid-September to early January and then
remained at about 5.6°C until late February. From early March to late April when the ex-
periment ended, it rose from 6.1°C to 11.1°C (Fig. 1).

Growth in fork length

Increases in fork length were rather rapid in fall, slow in winter, and greatest in spring.
The fork length increased from 82 to 102 mm from mid-September to mid-January, and from
105 to 127 mm from last January to late April. At the time of near cessation of growth in

late November, the water temperature was 10.0°C, while in early February when growth be-
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Fig. 1. Growth of fork length and body weight of rearing coho salmon and
water temperature in the experiment (A).
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gan to be rapid it was 5.6°C. Thus the increase in fork length showed a very low level at
a relatively high water temperature (10.0°C) whereas the increase in growth rate starting in
late winter began at a much lower water temperature (5.6°C) (Fig. 1).
Growth in body weight

Increases in body weight following much the same pattern as those in fork length. Body
weight increased from 6.3 to 12.3 g from mid-September to early December, then remained
at about the same level until late January. The body weight began to increase again in ear-
ly February and reached 23.3 g by late April (Fig. 1).

2. Growth of scale

The growth of scales was studied in regard to the two scale characteristics: number of
circuli and scale radius. Their growth rates varied by season. The author divided the
growth of scales into six periods (I-VI) based on the variation of the growth rates (Table 1).
Variations of average number of circuli (N), average scale radius (R) and their daily growth
ration in each period are as follows:

In regard to increases in number of circuli, it was rapid from 17.7 to 19.6 from mid-
September to late October, very rapid from 19.6 to 24 from late October to late November,
then very slow from 24 to 24.8 from late November to late December, and again rapid from
24.8 to 30.8 from late December to late April (Fig. 2). The daily increment of number of
circuli was low from late November to mid-December (0.027) and late January to early
March (0.032) and high (0.147) from late October to mid-November. It was intermadiate in
other periods ranging from 0.040 to 0.048. It was by far the greatest in October and No-
vember which corresponds to the period when most of checks were formed.

In regard to elongation of scale radius, it was rapid from 0.38 to 0.42mm from mid-
September to late October, then slow from 0.42 to 0.46 mm from late October to late Decem-
ber, and very rapid from 0.48 to 0.67 mm from early January to late April (Fig. 2). The
daily elongation of scale radius also varied by season. It was rather similar to the periods I,
IV, V and VI ranging from 0.0010 to 0.0018 mm. It was much slower in periods II
(0.0006 mm) and III (0.0006 mm) (Table 1).

Table 1. Scale growth of rearing coho salmon in the exeriment (A).

1 | o | m | w | v ‘ Vi
Middle Late __ Late N‘ Late N‘ Late __  Middle _ Late
September October November ~| December = January ‘ March ~ April
Growth of scale mm mm mm mm mm mm
radius 0.04 0.02 0.02 0. 04 0. 06 0.09
Scale radius/Day 0.0010 0. 0006 0. 0006 0.0013 0.0012 0.0023
Increase of
number of circuli 1.9 4.4 0.8 1.2 1.8 2.4
Number of circuli/
Day 0. 048 0.147 0.027 0. 040 0.032 0.048

Distance between
circuli 0.021 0. 005 0.025 0.033 0.038 0.038
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Fig. 2. Growth of number of circuli and scale radius of rearing coho salmon and
water temperature in the experiment (A).

Also shown in Table 1 is the distance between circuli in each of the growth periods.
The distance between circuli was increased much slower in the period II than in other pe-
riods which indicates that the formation of the checks was most successful in this period.

The relation of growth rate between N and R is almost paralleled through all the periods
except the period II. R/N is caluculated to show distances between circuli in Table 1. Com-
paring the values of R/N for the periods I-III, II is less than one-fourth to I and IIL From
this fact it can be known that the checks were formed in the period II.

The relation of growth rate between number of circuli and scale radius was not always
parallel through the experiment.

3. Time of check formation

At the begining of the experiment in mid-September, many fish had already formed two
checks: the first check (A:) was formed at 5.9 circuli on average from nucleus, ranging
from 4 to 9, and the second check (As) was formed at 14.8 circuli, ranging from 11 to 19.
Ay occurred in about 229 of fish, on the contrary A, did in about 909 of fish. It was esti-
mated by back caluculation based on elongation of scale radius that A; was formed around
April and A: was formed from June to July.

In late September, the third check (A;) commenced to be formed in 10% of fish. By
late October 359% of fish had A; and by early November 759% of fish had the check. A; was
formed in 979 of fish by mid-December. More than 60% of the check were formed during



26 Mamoru Kato

late October to mid-November (Fig. 3). As; was formed at 21.2 circuli on average from nu-
cleus (ranging from 17 to 27) and 0.43 mm of scale radius from nucleus (ranging from 0. 32
to 0.53mm). At that time, average fork length was 93 mm, ranging from 84 to 109 mm.
During the period of Aj; check formation, water temperature ranged from 13.9°C to
7.8°C. It ranged from 12.2°C to 11.1°C from late October to mid-November when more than
609% of checks were formed. No checks were formed after late December when water tem-
peratures were around 5.6°C and body growth had nearly stopped. No check formation oc-
curred in March and April of the following year, when body growth was very rapid.
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Fig. 3. Time of Az formation
(percent of fish with Az check).

The results obtained from the experiment (A) indicated that neither cessation nor prog-
ress of body growth caused check formation. Growth rate of body from October to mid-No-
vember was lower than that from March to April and higher than that from December to
January.

III. Experiment (B)

1. Body growth and water temperature

Range of water temperature

Water temperature rose rapidly from 7.8°C to 13.3°C from early March to mid-May and
it was 14.4°C from late May to the end of experiment, mid-August (Fig. 4).
Growth in fork length

Increases in fork length were slow in March and rather rapid after April till August.
The fork length was increased from 39 to 44 mm from early March to early April, and from
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47 to 80 mm from mid-April to mid-August. The increase per day was 0.017 mm before ear-
ly April and 0.028 mm after mid-April. No cessations were found in the increase of fork
length through the experiment (Fig. 4).
Growth in body weight

Increases in body weight were slow in March to May, rapid in June, then very slow in
July and again rapid in August. The body weight was increased from 0.5 to 2 g from early
March to mid-May, from 2 to 4.7 g from late May to late June, then 4.7 to 4.9 g from early
to late July and from 4.9 to 6.4 g from late July to mid-August. The increase per day was
0.021 g before May, 0.075 g from mid-May to late June, then nearly 0g in July an 0.075g
from early to mid-August (Fig. 4).

2. Growth of scale

No circuli was found by early March in the fish of the experiment (B). The first cir-
culus began to be formed in 179% of fish by mid-March, 87% by late March and 100% by
early April. More than 60% of fish formed the first circulus during late March. Scale ra-
dius from nucleus to the first circulus ranged from 0.06 to 0.08 mm and the fork length at
the time of first circulus formation was 43.1mm on average.

The author divided the growth of scale into three periods (I-111) based on the variation
of growth rates (Table 2): I. mid-March—early June, II. Mid-June—mid-July, and III. late
July—mid-August. The increment of average number of circuli and scale radius for either
period or day, and the distances between circuli in these periods are as follows:

Number of circuli

It increased rapidly from 0.4 to 9.5 in period I, then changed comparatively slow incre-
ment from 10.3 to 11.5 in period IT and again backed to rapid increment from 11.9 to 14.5
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Fig. 4. Growth of fork length and body weight of rearing
coho salmon and water temperature in the experiment
(B).
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in period III. The daily increment was 0.098 in period I, 0.045 in period II and 0.130 in
period IIT (Table 2) (Fig. 5).

Scale radius

The elongation of scale radius was the same pattern as in the increment of number of
circuli. It was rapid from 0.13 to 0.29mm in period I, then changed to very slow from 0. 29
to 0.31mm in period II and backed to rapid from 0.31 to 0.36 mm in period ITII. The daily
elongation was 0.0019 mm in period I, 0.0005mm in period II and 0.0025mm in period III
(Table 2) (Fig. 5).

The distance between circuli (R/N) was 0.019 in period I, 0.011 in period II and 0. 019
in period III (Table 2). This indicates that the checks were formed in period II.

Table 2. Scale growth of rearing coho salmon in the experiment (B).

I I | I

Middle March~  Middle June~ Late July~Middle August

0.02 mm 0. 05 mm

Growth of scale radius ‘ 0.17 mm

Scale radius/Day 0.0019 0. 0005 0. 0025
Increase of number of circuli 8.8 1.8 2.6
Number of circuli/Day ‘ 0.098 0. 045 0.130

Distance between circuli ‘ 0.019 0.011 0.019

3. Time of check formation

The first fish which formed the check (Bi) in their scales occurred in early June. The
rate of occurrence of fish possessed the check was 33% by early June, 69% by mid-June,
809% by late June, 929 by mid-July and 949 by late July. The check (B:) occurred at 10.7
circuli from nucleus on average, ranging from 9 to 13, and at 0.29mm on average scale ra-
dius, ranging from 0.22 to 0.35mm. Average fork length and body weight at the check for-
mation were 68 mm (ranging from 58 to 75mm) and 4.9g (ranging from 3.0 to 6.6 g),
respectively. No other checks were found in the experiment (B).

IV. Discussion and conclusion

1. Growth of body

In regard to cessation of body growth in winter, water temperature is not essential fac-
tor to explain why it occurred not in January and February when the water temperature was
lowest, but in November and December. In the experiment (A), body growth ceased during
early December and early January and water temperature during the period decreased from
9°C to 5.6°C. When body growth began to increase again in mid-January, it was 5.6°C.

According to STAUFFER (1973), when body growth of young coho salmon reared in Minter
Creek Hatchery, Washington State, ceased to grow up from November to December, water

temperature decreased from 9°C to 5.5°C. At the time of new increment of body growth in
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Fig. 5. Growth of number of circuli and scale radius of
rearing coho salmon and water temperature in the
experiment (B).

mid-January, water temperature was less than 5°C. In coho salmon reared in Hoodsport
Hatchery, Washington State, the body growth nearly stopped during mid-November and late
December when water temperature decreased from 7.2°C to 5.6°C. While it was less than 6°C
when body growth began to increase in January (Goto, 1975) (Fig. 6).

These facts indicate that the cessation of body growth does not occur during the period
of lowest water temperature, but occurs during the period of lowering water temperature,
and that new increment of body growth begins with lowest water temperature. In order to
prove the problem, some other factors which play more important role in regulation of body
growth than water temperature must be considered. The fish reared in hatcheries were giv-
en sufficient supply of food through all rearing periods. That is to say, young coho salmon
of hatcheries in Washington State were fed in a ration of about 19§ of body weight per day
during winter months when water temperature ranged from 3°C to 7°C. In summer when
water temperature rose up to 15°C, the ration was increased to 3-49 of body weight (Staur-
FER, 1973; Goto, 1975). The ration was constantly 1.5% of body weight (2%per day in 5
days a week) in the experiment (A). Therefore food would not act for these coho salmon as
a main factor to stop the body growth.

Swirt (1955) reported that seasonal variations in growth rate of brown trout reared in
hatchery depended on water temperature and day length. Considering that day length is
shortest in the period from December to January through a year, day length may play an im-
portant role to the cessation of body growth.

Kuso (1966) suggested in a study of masu salmon that growth of the fish was much related
to smolt metamorphosis which began in fall.
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It is thought that the lowering water temperature and shortening of day length induce
begining of smolt metamorphosis, and then the metamorphosis causes check formation (de-
scribed later) and cessation of body growth.

In regard to cessation of body growth in summer, Swirr (1955) found that the growth
rate fell during June and early July when the fish were most active. In the experiment (B),
growth rate remained at low level during late June and July. As Swirr (1955) described,
water temperature higher than a certain value and peak activity of thyroid gland affected by
day length at maximum lead to an increase in energy for maintenance, and thus reduce the
energy available for growth, resulting cessation of body growth.

As to optimum water temperature for fish growth, BReTt (1969) reported that general
physiological optimum occurred at 15°C on sockeye salmon in fresh water. On brown trout in
hatchery, maximum growth rate occurred between 8°C and 12°C, and between 15°C and 16°C
(SwiFT, 1955).

Since maximum water temperature in the experiment (B), 14.4°C, is thought to be near-
ly optimum water temperature for the growth of coho salmon, it might be considered that
the cessation of body growth from late June to mid-July mostly depended on the day length
at maximum as pointed out by Swift (1955).
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2. Check formation

Three kinds of checks were found in fish of the experiment (A) and one check in fish
of the experiment (B) (Fig. 7).

Ai, A; and B: are false age mark because they were formed in spring and summer. A,
was formed among 229 of fish in the experiment (A) around April. No check, however,
was found in the experiment (B) at the same period. A, and B: were found among more
than 909 of fish during Tune and July (mostly June).

EXPERIMENT (A)

(Al A2 |A3|

EXPERIMENT ( B )
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Fig. 7. Time of check formation.

As the author did not observe scales at the time of A: formation, there are nothing to ex-
plain the variations of fish body and conditions of enviroment when A: was formed. When
B: (and maybe As;) occurred in June, water temperature was constantly 14.4°C and body
growth was rapid, while increment of number of circuli and elongation of scale radius de-
creased, resulting to check formation. It had been generally accepted that starvation induces
the check formation of salmon (Major and Crappock, 1962). In spite of suffucient supply of
food through a year, checks occurred in both experiments. Therefore, it is though that star-
vation is not necessary condition to the check formation. On the other hand, Birtox and Rog-
INs (1971b) reported on scale of young sockeye salmon that food intake was increased, then
the rate of circulus formation would increase, resulting in more closely spaced circuli and the
formation of a check. Increase rate of number of circuli and scale radius fell in June and
July, while body growth (especially body weight) ceased to increase in July in the experi-
ment (B). In other words, when most of Bi check occurred, body growth was still rapid.
This indicates that cessation of growth of scale characteristics precedes that of body growth.
Therefore, there was time lag between cessation of body growth and check formation in the
experiment (B).

As well as body growth, growth of scale characteristics would be influenced by activity
of thyroid gland through day length; day length at maximum in June leads maximum
increase of fish activity, and then reduces growth rate of scale characteristics.

A; was recognized as true age mark, which was mostly formed during late October to
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November. During the period, water temperature was lowering but body growth was still
rapid. This indicates that there was also time lag between cessation of body growth and
check formation as same relation as found in the experiment (B). No other check occurred
not only when the body growth ceased from December to January but also when the water
temperature was lowest from January to February. Kuso (1966) found in a study of masu
salmon scales that checks were formed in mid-October when the water temperature was
higher than winter. He suggested that variations of scale pattern were caused by metabolism
of calcium, phosphate and protein associated with smolt metamorphosis.

Table 3. Age composition of coho salmon in fresh water life period.

Ages
Area . . Reference
0. 1. ‘ 2. ‘ 3.
Quatsino Bay, British Columbia 0% 1009% 0% 0% | GODFREY (1965)
Fraser River, British Columbia 3.3 96.7 0 0 | Goprrey (1965)
West Coast of Vancouver Is., ‘
British Columbia 1.9 97.9 0.2 0 GobprFrey (1965)
Langara Is., British Columbia 0.4 98.7 9 0 Goprrey (1965)
Minter Creek, Washington
1947 0 99.9 0.1 0
1948 0 e 0.6 g Saro and Bavrirr (1958)
1949 0 99.8 0.2 0
1950 0 99.5 0.5 0
Columbia River, Washington 0 90.0 10.0 0 Drucker (1972)
Waddle Creek, California | O 100 0 0 | Suarovarov and Tart (1954)
Pacific Coast, Washington 0 82.3 16.7 1.0 present study
Yakima River, branch of | \
Columbia River, Washington 0 79.6 20.2 0.2 present study

It is thought that check formation in fall is derived from the lowering water tempera-
ture and shortening of day length which lead to smolt metamorphosis accompanied by varia-
tions of fish metabolism and growth rate of scale characteristics.

As mentioned above, checks are formed when variations of fish metabolism are affected
by water temperature and day length in various cases. This means that more than two
checks can be often formed on salmon living a year in fresh water. If the result can be ap-
plied to coho salmon originated from other hatcheries and natural rivers, special attention
should be paid to scale reading.

The author examined scale samples of adult coho salmon caught in the Pacific Coast of
Washington State, 1965-1966, and of smolt coho salmon caught in Yakima River, a branch of
Columbia River, 1959-1963. The rate of fish with more than two checks in fresh water life
period was 17.7% and 20.4% on average, respectively (Table 3). According to other reports
relating fresh water age of coho salmon near Washington State (SapovaLov and TarT, 1954;
Saro and BayLIFF, 1958; GODFREY, 1965; DRUCKER, 1972), the rate of more than two year old
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fish isle ss than 0.99% in British Columbia, less than 0.69% in Minter Creek, Washington
State, 10% in Columbia River and 0% in Waddle Creek, California (Table 3). In these re-
ports, method of age determination was not clarified. If it is the case that their age deter-
mination was carried out by scale reading and one check was recognized as one year life of
fish, the difference between the present study and other reports seems to be bigger than that
depending on variations among years and local groups. It is thought that the difference is
sizably caused by reading of false age mark.
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