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Early Lire History of Willamette River Cpring Chinook Salwmon

Chester R. Matltson lj

ABSTRACT

The early fresh-water phases of the 1ife cycle of spring chinook
salmon (Oncorhynchus tshawytscha) of the Willamsite River system were
investigated during the period 1947-51. Under rormal conditions the adulta
spawn between August 29 and October 15; however, abnormal conditions,
intreduced by recently constructed large dams, have caused a delay in
spawning below such structures that extends into November. Egg incubation
pericds have ranged from 58 to 150 days, but the normal lhas been &5 to 80
days. Fry normally emerge from the gravel in Fgoruarcy and March unless
extreme temperatures cause earlier cr later emergencs,

Below normal temperatures appesrad to lengthsn the period of in-
cubation, causing a later fry emergsnce and restwictsd rate of growth.
Fresh-water residency of young ranged from 3 to 12 months Collowing spawning.

Three distinet periods of fingerling seaward migration were observed:
{1) a late winter=spring movement; (2) a late fall-esrly winter movement;
and (3) a second-spring migration, Tne lengths of migrants ranged frowm 33
s 140 mm. The earlier migrants were invariably larger in size then those
5+i1l resident within their parent streams, thus indicating that size may
‘se a factor influencing seaward movement.

Scales, which appearsd batween fork lengths of 37 and 41 mm., formed
first immediately shove and below the lateral line, and later onas formed
progressively outward from this line. The formation of an annulus, which
normally was found between the 10th and 20th circuii, way occur al any
time betwsen Cetober and Mareh. Definite relationships were found bstwsen
fork lengths and number of circuli and length of anisrior radius of the
zcale. Downstrezm migrant fingerlirgs invariably posssssed mors eirculi
and had faster retes of growtn than fish remaining in their parent streamu.

The nutber of circull formad or active seaward migrants was 0 to 29,
dopending upon their size at time of movemsnt., Scime migrants exhibited
secelersted scale growth, comaarable to braclkish or marine growth found
on adult scaleg: this has been termed "superior frast-water growth',
Comparisons were mada of migrant and adult scale grouth patierns to show
similarities, which were striking in many cases.

1/ Formerly a blologist with the Oregon Fish Commizsion; now with the
U. S. Bureasu of Commercial Fisheries, Junsau, Alzcka.



INTRCOUCTICN

Several stvdles of the 1life history of spring chinook salmon

(Oncorhynchus tshawytscha) in the Celumbia and Wlllamstie River systems

have been conducted, notably by Rich (1920), Rich and Holmes (1929), and
Craig and Townsend (1946).

Natural salmon spawning and rearing areas in the Willamette River
basin are being rapidly reduced by construction of multiple-purpose dams on
the major iributaries. As a result, the swrvival of spring chincok stocks
in this basin will depsnd more and wore upon artificial cropagation. It
is believed that some of the incwledge gained in the oreeant study can be
applied to improvemsnts in fish ewltural practices, particularly in regard
30 length of rearing and time of litsration.

During the 5-year study, varicvs aspects of the frosh-water 1ife ef
‘mmature salmon were investigated: egg depositicn, length of incubation
nericd, time of emergence from the gravel, length of rasidence in parent
stream, time of seaward wmigration, znd abundance and size of migrants. Scale
studies of immature salmen involvad ths age and size of fish at formation of
the scale vnlatelet; size of fish in relation to number of cirsuli; inecreass
in number of circuli during fresh~uatar residence; formation of winter check
on scales; scale formation in verious typss of stream growth; and the

resulte of a method of growth intarpretzticn by graphing ths distances betwesn

scale cirenli,

METHODS OF COLLECTING AND ANALYZING DATA
Basic information was sought cenczrning young galmon, both as residents

in ¢he parent river system and as seaward migrants. Two sampling stations

were established: on a spawning tribitary to obtain resident data and on the
lower main stem of the Willamelte River to obtain active migrant data. The

station for residents was lceated or the Molalla River, a minor ealmon-producing
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tributary of the Willamette, desigrated as "upper Molalla station” about

2 miles belew the mouth of the North Fork (Figure 1). Although fish from
this station were considered primarily "roesident” stocks, some filsh were
migrating at time of capture. The second station was on the lower main
Willzmette just above Oswego, Oregon, and designated as the "Oswego station,”
Since this station is below all spawning tributaries utilized, the.salmon
obtained ﬁere were regarded as migrants en route'to the ocasans Howaver, soms
of the fish vndoubtedly were residents in the vicinity for short periods of
time.

The sampling program began February 7, 1947 and ended July 6, 1951. All
specimer.8 were collected by means of 2 1/4-inch nesh, 70-foot beach seine
and preserved in 10 per cent formalin.

Collecting of scale samples from individual young salmon was localized
betwsen imzginary perpendicular lines drawn from tha antevior and pesterlor
insertions of the dorsal fiu to ths lateral line, and coxfined to the Iirst
two rows abova the lateral lins, prsferably under the anterior insarticn of
the doreal fin.

-~ In the follecwing discussion, dowmstream migrants less than 1 year cf
age from the time of spawning are caliad fingerling or "G-plus" migrants, wihile
those over L year are termsd yearline or "l.plus® migrants. Octcbsr 1 was
selected as the division point betwsen fish less than 1 year of age aand those’
over 1, since by this date most spring chinock spzwning is complete. Thus, the .
basis for determining age was the time of egg deposition rather than hatehing.:

A method of measurinz distances betwsen clreuli and presenting tho data in
graphic form was first devised from adult salmon scales, but later juvenile
salmon scales were also used. The basic requiremsnt of the graphilc mebhod

i3 a projected enlargament of a scale image to about 100 times, so that distances
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betwsen the cireuli can be accurately measured. A suitable projection machine

was found in the Rayoscope, mounted on a wall brackel in a darkroom, with

the scale image projected onto the middle of a table. A magnification of

108 diameters was obtained with a Bausch and Lomb bifocus objective with a 16 mm=
0.25 N a-10 X lens. A standardized procedure for obtaining measurements from
specific sections of the scale image was devised by meoans of a speclal scale

rask consisting of a white plece of cardboard about 2 feet sauare with guide lines
narked in black ink (Figure 2). The mask was placed on the table top under

the projector and the scale image was then focused on 1ts surfacs,

The tyue anterior radius of many scales was unsatisfactory for accurate
neasuremsnt because the eireuli, especially tho;a comprising the annuli, wera
irregular, deformed, or broken where the anterior radius cresssd. Therefors,
i+ was desirable %o choose a more satisfactory radiai line to replace the trus
In order to deisrmine a suitable radius, a group of 50 adult

anterior radius.

scales was selected at random. The limits of broken cireuli areas in ths antsrior

quadrant of the scales were pin-pointed on a sheet of paper with the center of

“he scale image focused upon the intersection of laseral and anterior radial

“ines. Certain angles from the trus anterior radius were formed by lines drawn
“hrovgh these points, and the percenfaze of points within the angles was computed.
T+ was found that within the arc coverad by 40 degress to either side of the

spue anterior radius, nearly all the scale samples could be utilized and the
radizl lines would also include a maximal number of zircull. The true lateral
radi would produce minimal numbersz of cireuli. At ti2 same time, two linss were
drawn in the posterior lateral fields where the posterlor porticn of the scale

is exposed externally and individual circull are not discernible. Angles of 19

degrees toward the posterior field of the scale from the true lateral radis

were found most suitable for fitting the mask %o the image. In nost caees,
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Figure 2. Scale Mask Showing a Projected Scals Image and
Arrarigement of Scale Maasurament Lines.
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there are definite linﬁs whers the circull became indistinct on the posterior
field of the smcale, so it is rather simple to fit the lateral mask lines to the
image by eye. References to anterior radii pertain to those selected at an
angle of 40 degrees from the true anterior radius. In order to avold confueion,
each will be called a "selscted anterior radius.” In general, the longer of |
the two selected anterior radil on a scale image was selected for use unless
it passed through an area of broken or disfigured circull, in which case the other
lire was used. ‘

After the mask had been fitted to the scale image and the sslected anterlor ,
radius chosen, a strip of transparent celluloid tape, 0.0i inch thick, 0.5 inch
wide, and 18 inchses long, was laid over the black guids line so that one end ;
vas fitted to the inner edge of the first circulus (also the outer edge of ths
scale platelet) and the other extended bzyond the periphery of the scale image.
Then the inner edge of every circulug, where it crossed the tlack line of the
selected anterior radius, was lightly marked on ths tapa with a sharp scalpel,
thus including the thickness of one circulue and interspace. A binocular
dissecting microscope waz used to obtain measursments frcm the taps. The distances
betwesn circuli were read to the nearsst 0.25 mm. with a rule that had 0.5 mn,
sntervals. Pertinent datz on each specimen were also printed on the tape by means
of the scalpel polnt.

The graph resulting from plotting the data obtained represented the
Gistances betwsen circuli, and a pictura of the differences in growth rate of
sach spocimen was obtained. In the following discueslons, all references to

distances between circuli are at a magnification of 108 X,



SPAWNING AND INCURATICN

Time of Spawning

The spawning period of spring chinook in the Willamette River system
generally ranges from Auvgust 25 through October 15, although at the higher
elevations it 1s completed as early as September 15. Spawnlng operations
at the various hatchery egg-collection sites are normally conducted during
September, with a peak beiweon September 10 and 25. The latest date on which
spawning has been observed under natural conditions was October 22 on the lower
McKenzle River. October 1 has teen selected as the date for egg deposition
for computing the age of flsh.

During recent years, abnormally late spawning has oceurred on the
florth Santiam and Middle Willamette Rivers, where neuly constructed dams have
prevented the fish from reaching natural spawning grounds. The bulk of the
salmon in these two rivsrs are now taken for hatcherv propagation. During tha
£a11 of 1952, spring chinook were spawned at an egg-collectlon sits belcw
Detroit Dam on the North Santiam River until Noverber 10 and stragglers were
reported until Thanksgiving. In 1953, salmon from the Middle Willamette, below

Dexter Dam were spawned from Cetober 1 through Novemcer 10.

Length of Incubation Pericd

The most important factor controlling length of incubaticn is water
temperature. Durlng years of abnormally warm fall weather, the period 1is
reduced, and conversely, with early onset of cold weather and resultant ccoler
water, incubation time is considerably lengthened. TIn an oxpariment conducted
in 1943-49 on the North Santlam River (McKee, 1950 incubation began September 24
and 29 and hatching occurred from January 15 to Februaary 28, a range of 113 to
151 deys. More normal incubation was observed at the McKenzie River Hatchery

where, over a J0-year périod. 1t has ranged from 58 to 105 days. The usual

period 1s 65 fo 80 days.



Time of Emergence from Gravel

The exact time of emergence of young spring chinook has not been con-
clusively established. The oarliest date a O-age-group fish was taken in a
seine haul at Oswego station was January 1§, 1649 (Table 1). This alevin,

33 mm. long, had less than half its yolk sac absorbed. Since heavy ralns

and slight flood conditions prevailed in Willamette-tributarieé prior to capture,
it is possible that the young chinook had been uncovered prematurely and swept
downstream. The earliest capture of young chinook at upper Molalla station

was on March 14, 1650 when several fingerlings bstween 37 and 38 nm. long wers
taken.

The first appearance of wild fish in the experiment on the North Santiam
River was on June 5, 164G (McKee, 1950). They had been spawned 2 short distance
abova the station and, it is assumed, had recemtly emerged from the stream bed.
It 13 quite probable that some fish will not emerge from the redds until late

spring.

RESIDENCE AND MIGRATION

Length of Residence in Parent Stream

+ Upper Molalla station was utilized to determinz the length of residence
of yourz spring chinock in ths parent stream. Figure 3 shows the average
number of salmon caught per seine haul at this station for 3 years. Since data
wera meager for the 1947 year class, there is little merit in discussing this
group. However, ths 1948 and 1549 year classes were represented by greater
numbers., In both cases fingerling salmon wers most abundant during May. The
rapid decline in numbers cavght in June was possibly because: (1) the young fish
apparently had begun a dovmstrezam migration. and (2) natural mortality may have
reduced the abundance of small fingerlings. It was not possible io determins

the ralative effects of thase two factors
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Young salmon of both the 1348 and 1949 year classes were observed at
the upper Molalls station during the fall and éarly winter, Limited observatlons
indiecated a downstream movement of spring chinook yearlings during October and
November in other Willamette tributaries, especially during high stream flows.

At upper Molalla station, yearling salmon of the 1948 year claes were itaken
as late as mid-March of 1350. Thus, some spring chinook remain in the parent

etroam for at least 17 months subssauent to egg deposition.

Time of Seaward Migration

Although juvenile spring chinook salmon may be found every month of the
year at the Oswego station on the lower Willamette River, where the bulk
of the fish are presuvmably migratory rather than rasident, there zppears to be
three periods of heaviest migration (Figure 4 and Table 2). It is rezdily
evident from the data presentsd that the migration patterns vary in magnituce
and timing with different yesr classes. Many factors influence the migration
of young fish, including major factors like watsr temperatures and flows, availability
of food, rate of growth, and crowding. As these factors vary from ysar to year
they will affect the migration timing of juvenile salmon.

Tae first distinet migration pariod occurs during the first spring and
summer after the young have emerged from the spawning gzravels and are from 8
to 10 months in age. Although fry have been observed 23 early as January, the
migration peaks have ranged from April 17 for the 1949 year clacs to as late
as August 17 for the 1947 year class. Sampling operations were briefly
ianterrupted by flood conditions during the spring migrations cof the 1947 and
19&9 yaar classes, and the peak migrations may have bean missed. However, seining
rasults prior to and after these interruptions failed to produce large numbers
of migrants, thus indicating a email fingerling migration during this period

for theue years.
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During the late summer months young salmon were found to be very scarce
and migration was reduced or even eliminated by severe pollution in the Oswego
area. 1/ Prior to the ocourrence of an annual pollution barrier, the young
salmon may have continued migrating throughout the entlre summer.

The second period of migration occurs during the fall and winter months
after the fish have reached a year or more in age. The fall movements have
generally been of lesser magnitudes than those of the first spring and summer,
although the 1949 year cless wigrated in greatest mmbers during this period.
Gaq?rally this period of movement is occasioned by the heavy fall rains that
sharply increase stream flows and reduce temperatures. The psak movements
occurrsd during the month of October for the 3 years when sempling was conducted.
With the approach of winter with colder temperatures and freezing conditions,
migratory movements are definitely curtailsd.

The third and final migration of spring chinock salmon has been found to
occur in the spring of their second year, between January and May, when the
fish ere betwsen 15 and 19 months of age. The magnitude cf the final migration
has always been a third or less of an entire year class. The migration peaks
were found to range from March 28 (1547 year class) to Mzy 5 (1948 year class).

Length data on L year classes of dewnstream migrant spring chinook
were obtained at the Oswogo station. Since the collections could contain
fish from 8 river systems, differences in size of fish would be expected. The
collections were grouped into 2-waek intervals, and the points represented
mean fork lengths of the catches plotted in Figure 5. Dach year class has
been traced from the time of the first appearance of the O-age group until

the last yearlings disappeared.

1] Since 1954 poilution has beer reduced, but it is not known
what effect, if any, this has had on downstream migration.



°
Wy
L]

“E@SBET) JBBL Gi~OH6T ‘STBAXSIUT Hesp-om] £q

uoT3E4g ofemsQ 1B qydneq uowleg dooujyg Jutadg Jo syzdue] }I0y eFexeay °¢ eandyy
syjuoy ujp o8y ejemixoaddy pue syjuol JepueTeg
;8L A 91 ST #T £T et 1t 0T 6 8 A 9 g 1 €
*H ocady "JBy *qod suep *09Qg cAoj °39g °2deg *Suy  Amp eunp ALy cady °xe  °*qej “uep
g | | | ) HAwo
0t
— O
- 0¢
-109
— 0l
— 08
- —1 06
\\\ 66T —-
.n —{ 00T
. sn.ﬁ..__-,...ﬁ v . N — 0TT
~ -....J.:P.D I .
e’ . N e v
' . . e -1 02T
) 4
£ A"
- -1 0€T
ot

SI82EMTTTT T uadusg



16.

Normally during March ths first migrants were taken, although the
1647 year class appeared in January. The fish averaged Letween 35 and 40 mm.
in fork length between January and March. Growth during the spring and early
surmer months generally was very rapid and by the end of July the migrants
averaged approximately 100 mm. Migrants of the 1948 and 1949 year classes
ware found to average smaller during the wonths of March, April, and May than
fish of the 1946 znd 1947 .classss. The differences were believed to result from
the rather sefara winters that delayed ths grcw{h and develcpment of the young
fish of these year classes.

The average size of the migrants inoreases very little afier mid-summer
and they range from 100 to 130 mm. during the remainder of the tiwme they are
present in the river. The largest yearling migrant taken in the Willsmette
" River was 140 mm. in length when captured in May 1950.

Table 3 contains water temperatures taken at ths two points of sampling
as well as the average sizes of %he fish, WNote thzt during May, Juna, and
July, a period of rapid growth for the Oswego migrants in coantrast {o slower
growth at Molalla, the water temperatures in the lower Willamestte River were
considerably above those on the Holalla Rivar. nother interesting point ie
apparent lack of growth for Molalla fish of the 1948 year clzss during the
wonths of March, April, May, and early June, wnen the average lengths fluctuated
rather than inereasing gradvally as would be normal. This was belisved due
to the larger fish migrating dovmstream as they inereased in size and being

replaced by small fry from spawning areas above the station.

Comparison of Migrant and Resident Populations

Some authorities balieve that the larger spring chinook tend o mcva
out of a river system earlier than the smaller; the tendency to migrats is at

loast partly a function of size (Rich, 1920). It this sssumption wers irua
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Table 3. Water Temperatures and Average Lengths of
Spring Chinook Downstream Migrants at Cswego
and Upper Molalla Stations, 1943-49 Year Classes.

1948 YEAR CLASS

Oswego Upper Molalla
Date Temgle?ratura Average Length Number Temperature Average Length  Number
%) (M. ) of Fish (°F.) (Mm.) of Fish
1949
Feb. 7 36 38.0 1 34 - 0
March 14 L5 - 0 42 3%.7 ?
23 45 43.5 7 b2 ko.0 3
April 11 52 37.0 1 L& 38.4 33
23 52 43.9 9 b7 39.5 20
Mzy 11 56 4.3 3 45 11,0 55
23 57 e 0 49 38.6 92
June 8 63 82.3 2 L& 40.6 el
20 64 81.4 Ly 57 L8.4 gL
July 6 67 795 55 59 55:0 1
15 73 i 0 63 6747 29
Aug. 1 71 o 0 72 73.2 23
16 70 84,8 ll 66 76.4 8
Sept. 26 62 104.5 L 57 92.6 8
Oct. 10 54 106.0 17 50 93.9 g
""""""""""""" Tghg " YEAR _6Lass ~~~——— ———— "
Oswego Urp 2r Molsglla
1950
April 3 48 50.5 L by - 0
17 Lg bl.c 36 Ll 38.0 9
May 5 L2 - 0 Lo - 0
22 58 s 0 ! 45.3 142
June 5§ 64 - 0 49 47 .4 2L
19 63 - 0 50 49.9 ik
26 61 83.8 6 - - 0
July 5 66 81.3 6 &0 55,0 13
18 68 - 0 6) 61.9 19
g, 2 . 69 104.5 15 63 0
19 M 97.0 3 65 84,7 Ls
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one would expect fingerling and yearling fish in the parent stream vo be
smaller in size, on the average, at any given {lme of year than those en route

to tha ocean. Sveh a comparison was made of salmon taken at upper lMolalla

and Oswego stations (Figure 6).

Tn late winter and early spring there was 1little difference between
average lengths of fingerlings from the two stations. Paginning in May,
however, Oswego fingerlings were decidedly larger. This differential was
evident through the following year, and perhaps éan be interprated as the
result of both accelerated growth and an early migration of the larger fish.

Table 3 shows the average size of the 1948 and 1949 year classes of
Molalla salmon sampled during their fresh-water residency. The 1948 year

class Tirst appearsd in March as f{ingerlings aporoximately 38 mm. in length;

12 weoks later, thelr average slze was s+111 barely 40 mm, Either these fish

grew very slowly or there was a migration of ths larger saluwon dewnstrean and

an influx of small, newly emerged fry Irom areas above the sampling station,

T+ is believed that the latter was the major contributing factor to thils

phenomsnon.

Comparisons were also made of young salmon taken at Oswego and those
resred at Willamette system hatcherlas. Figurs 7 shows average lengths
for Tish collected in the summer of 1947 frem the 1946 year class at the
Oswego station and the McKenzle and Willam=ztte Hatcheries. There 1s greav

variation in size among Oswego migrants and ths other ealmon. In the first

spring the O-plus migrants were much larger than the hatchery fish from

tributary rivers. This graph lends support to the theory that largsr fish

migrate o the ocean sooner than smaller 2ish, In mid.-July the wild fish at

Oswego averaged slightly under 110 mm., while Mc¥enzle Fatchery salmon several

months later were only 77 mm. and Willametis Tatchery fish 90 mm,
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Data gathéred in ths Villamette River system strongly suggest that a
differential migration of large fish occurs among young soring chinook. At
any given time after the advent of warm spring waather, fish in the lower
Willamette can bs expected to average larger than those remaining behind in

the parent river systems cr fish baing rearad in hatchery pords.

GROJTH PATTRRNS AND RELATICNSWIPS

Observations on Cireuli Formation

Platelets from which the scales ultimately develop have besn observed
to form first on the scale rows immediately above and below the laterzl line,
with succeeding rows following. This phenomenon was noted and photographed
by Rich (1920).

At first in the present study, scales were removed from the sida of a
fish in an area between the lateral line and doresl fin, without reference
to specific scale rows. This method was changed in 1950, when over 100 fish
were examined to determine growth patterns of scales from various parts of the
body. Figure 8 showz a typlcal sxeample showing the greatest eircull commt
near the lateral lina. Thereafter, scale samples were restricted to the first
or second row above the laterzl line beneath the origin of the dorsal fin.

Formation of ths first scale platelets was observed when the young fish
averaged 37 to 41 mm. in length. Some formation of the platelet had occurred
on more than half of the salmon with 2 length of 39 rm. Only a few fish ware

found without any formation at 42 mm,

Relsticnship Betwsen Number of Circuli and Fork Length

The relationship between number of circuli and fork length was determined
from LU5 Oswego and 320 Molalla fish from the 1946 through 1949 year classes.

Figure 9 shows mean fork lengths for various numbers of cirenli Iin both groups.



Distance in Millimeters Between Circuli (108X)

he
ro
®

—_—

b _1_ 25 circuld A 19 circuld
_2_ 24 circuli 418 eircull
3 — = |\ ;"
N
XL—/\ r\“ / L,
m L p ;
L W BATNY
0 | ] | | | ! 1 | | |
5 15 15 20 25 5 10 15 20 25
5 21 eireuli _7. 25 cirouls
T 17 circuli "B 21 circult

Figure 8. Varlations in Numbers of Circuli on Scales from Different Parte
n“ thu F‘viy ef a Spring Chimook Salmon 125 mm. in Tength Taken
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For the first 6 circuli thero is a distinct similsrity, indicating nearly
identical growth rates. With increasing mumbers of circull, however, the
Omrego salmon exhibit greater lengths than the Molalla salmon for any given
nuzber of circuli.

Thiz relationship between body lergth and number of circuli for spring
chinook in a fresh-water environmsnt is not linear, although some segments
of the data are nearly so. A close relationship was foind when data for
Oswego salmon between O and 19 circuli were used in calculating a line by
the least equares method. However, inclusion of additicnal eirculi (20 to 27),
which generally represent winter growth and include anntvli, resulted in a
poorer correlation dus to decreasad growth rate in winter.

The tranaiticn from one eavironment to another, 28 frou freeh to salt
watar, as well as seasonal changes, presumably affects the rate of circull
dsposition and type of circuli formed. Ocean growth is recognised by the largsr
and thicker circull formed, arnd also by the greatsr diptance betwsen circuli,
then vith typlcal fresh-water growth. Unfortunately, data frem young salmon
¢that have entered galt water and show early ocsan growth were not avallablej

hence, the curve cculd not be contimusd to show changes with environmental

»

transition.

Ralationship Betwaen Fork Length snd Lenzth of Anterior Radius of Scales

The relationship between fork length and length of antsrior radius
of ncales was also examinied. The main objective was to determine the type
of relationship and possible application of ths data to adult scales in order
to ealculate approximate lsngthe whorn the salmon entered brackish or salt water.
A total of 345 young spring chinook collected at the Oaswoge statlon was
used in compiling the data presented in Figure 10. The selected anterlor radlus

wag used rather than the true radius.
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Data from upper Molalla station were guits similar to those from Oswego
station, but the individual means and regression line fell slightly beneath
those for the data presented in Figure 10. This indicated that the relatlon-

ship between fork length and anterior radius may vary, depending on environument

and growth rate.

Relationship Between Number of Circull and Age

The number of circuli present upon the scales of a salwon will be
dependent upon the age and rats of growth. Althoﬁgh the age may be the
same, the rates of growth differ with the environment, aand environments are
unlike for resident fish in a parent stream and migratory fish enrouts to
the ocean.

Tigure 11 presents data for the four year classas 1946-49, from Oswego
station, whers salmon wers regarded as active seaward mizrants since thare
was little possibility that they resided in the lower Willamette ths entire
sumer. Except for the relatively small Clackamas River population, spawning
areas are from L0 to well over 100 miles away. Thus, by the time dovmstreanm
migrants reach Oswego the yolis sacs have been "buttoned up", and in most cases
scale development has begun. Cnly small numbers of scal2less fingerlings
ware takena

The first migrants of a new year class generally appear at Oswego
either in March or April, although a few were taxen in January ard February.
The mean number of circuli found in these salmon generally wag only 1 1o 2
per scale. The 1947 year-class fingerlings had regular circuli development,
indicating a normal growth pattern. Tn conirast, the 1949 year-class migrants
made their first appearance in April, but with a definitsiy retarded rate of

circuli deposition probably reflecting the severe winter of 1949-50, as compared
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to the relatively mild winter of 1947-48. During the spring and summer months
there is a rapid rate of growth and circuli deposition, from approximatsly 2
in mid-March to a mean of 16 or more by mid-August and up to 19 by mid-October,
when the fish is about one year from the time of spawning. The numbers of
circuli at the beginning of the second year in October were as follows:

1948, mean 19.4, range 12 to 23; 1948, mean 18.9, range 16 to 22; 1950,

mean 16.6, range 14 tc 22, |

There is a reduced rate of growth and circﬁli development in late
summer and fall. The most complete series of collections is showm by the
1949 year class that had catches continved through the winter. Collections
of salmon exhibit much slower rates of circuli deposition in winter than
in spring and early summer. It is of interest that the mean numbar of circuli
on y=erling migrants moving through the Oswego area cduring March, April; and
May is nearly the same for all four year classes. The means of these samples
are 16 to 19 eirculi, but ranges within a sample were 15 to 28. The effects
of abnormal winters, such as those in 1948-49 and 1949-50, ara evident to some
extent. Fingerlings of the 1946 and 1947 year classes had slightly more circuli
than those of the 16U8 and 1946 year classas Quring the spring and summer
months. However, such a differentiation was not as evident when the fish
were over 16 months of age. Thus, the climatic effect is mors manifest in
the first spring and summer, when thas fish ars fingerlings, than later.

Data in Figure 11 show an acceleratsd rate of circuli dsposition in spring
and summer and retardation in fall and winter. Tewsr circuli are formed in
periods of zeduced growth rate, and a wiater check or annulus, characterized
by thin, closely grouped circuli, is formed at this time.

A casval glance at Figure 11 might result in the erronscus conclusicn

that a spring chinook salmon migrating in June (me2an number of circuli 11
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or 12) may have 17 to 21 circuli the following April, or an increase of only

6 to 9 in the intervening 10 months. Fowever, the following factors should be
noted: (1) these salmon are mainly active downstream migrants and not resident
stock; (2) migrants from eight river systems may be included in the collections;
(3) Juns migrants continuing seaward would probably have reached a bracklsh

or salt-water enviromment, which in turn would greatly affect their growth

rate and circuli deposition by the following April; and (4) the yearling

March, April, and May migrants have had a long fresh-water residence that
resulted in slower growth and circuli formation rates compared to earlier
downstream migrants.

The Molalla River collections of mixed resident and downstream-migrating
spring chinook are represented in Figure 12. At this station, scaleléss fry
and fingerlings with the first signs of scale formation are readily caught,
since the station is in the midst of a spawning area. Scaleless fingerlings
have been taken as late as May. With the advent of spring and warmer temperatures,
there is a sudden, sharp incrsase in growth and circull ceposition, continuing
through spring and summer, as indlcated by the increase in mean number of
circuli from 0 to 3 in April and as late as early May to around 15 by early
October. Again, the probable reflection of ssvere winter, in contrast tc
the mild winter, is shown. The 1947 year class had slightly greater mean
growth, as indicated by more circuli, compared to the next two year classes
which exparienced severe winters in their first year of life.

A leveling off of circuli formation occurs from October through the fall
and winter. Only in the case of the 1948 year class were yearlings taken in
the spring. These two samples indicate that probably little growth occurs

among fish resident in this stream in the fall and winter months. Few specimens
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5 8
have been taken after the last of Dacembsr, and apparently the bulk of
summer residents move toward the ocean during the fall freshets.

That downstream migrant spring chinook are larper than non-migrants

at the same time of year has already been shown (Figure 6). Another comparison
can be made, indicating differences in number of circull on fish of approximately
the same age, with one group still in the parent stream and the other en route
seaward {Figure 13). The mean number of circuli of two comparable year classes
(1948 and 1949) have been plotted. The greatest-difference is found during
the spring and summer periocds of accelerated growth and circuli formation,
when the Molalla groups invariably showed slower growth rates as reflected
by fewer circuli, Thus, it is apparent that rate of growth and circuld

deposition are generally slower for salmon remaining in the tributary streams.

Numbers of Circuli on Active Downstream Migrants

Figure 1% shows the numbers of circuli for all Oswego station samples
of the 1949 year class. A total of 251 migrants was taken; 51 or 20.3 per
cent during the spring and summer migration, when they were less than 1 year
of age from time of spawning. The bulk of this year class (79.7 psr csnt)
migrated after reaching 1 year of age.

August migrants have as many circuli as some of the smaller fish migrating
8 or 6 months later. It appears that the older migrants, which remained in
the parent streams, were slower growing. In general, there was virtually no
increass in mumbers of circuli from December until the yearlinzs leave the
parent stream. Unlike fingerling migrants, yearling migrants do not show
a sudden increase in circuli counts in the early spring. However, &n

increase in distance between circuli may appear indicating greater growth rate,
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Scale Growth Characteristics of Residents

The growth patterns of spring chinook fingerlings and yﬁaflings within
their parent stream have been plotted in Figure 15. The method of presantation
is by showing the number of circuli and distance betwsen circuli for individual
fish. These fish were taken during the months of August, November, and December
1950 to show the various types of growth patterns that can be found within a small
river system.

Earlier data presented have shown that the young salmon put on rapid
growth during the spring and early summer months as evidenced by increased
length and number of circuli. The period of rapid growth on these scales is
represented by the first 10 to 12 circuli. When growth is rapid the distance
between circuli would be expected to be large and perhaps cuite stable between
those formed during this period. The trend, however, 1s generally dounward,
although sporadic increases do occur, as indicated by scale graphs 6 and 7.

Growing conditions during the summer within a river such as the lMolalla
should be favorable, yet oniy a few scale patterns show a stabilization during
this period, 1. e. scale graph 3. The formaticn of a distinct winter annulus
may occur as early as November as indicated by graphs 6, 7, 9, and 11. The
definite grouping of circuli with small interspace distances between the
10th and 20th would be interpreted as winter annuli, as shown by graphs 7, 9,
and 11, especially if the following circull maintained an inereased interspace-
distance.

Except for the first two or three circuli with large interspace distances,
which may represent compensatory grouth or excellent spring growth, the distance
between circull on scales of fish from a parent stream generally has been found
to be less than 3.0 mm. when images are magnified 108 X. Examination of adult
scales indicated that almost invariably ths interspace distance during ocean

growth exceeded 3.0 mm. except during winter annulus formation.
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Figure 15. Selected Scals Graphs of 1949 Year Class Molalla River Spring
Chinook Fingerlings Collected During the Months of August,
Heovember,and Decomber, 1950,
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Scale Growth Characteristics of Migrants

Figures 16-18 present scale graphs of the growth patterns of spring
ehinook filngerlings and yearlings taken at the Oswego station. There are
greater varlations in growth patterns than on the Molalla River fish because
salmon from many river systems are represanted. Some patterns show excellent
spring and summer growth, some with relatively stable summer growth, others
are similar to the Molalla River patteins, whera the distance between cireculi
tends to decrease until a winter annulus is formed. A number of graphs are
presented to show the variations and their timing.

Crowth patterns of fingerling chinook taken during the months of June,
July, and Avgust are presented in Figure 16. In peneral the first few circuli
have large interspace distances, indicating excellent growth, followed by
decrsasing distances as found amonz Molalla fish. An unusually rapid rate of
growth is shown in graph 11, which averages over 3.0 mm. between interspaces
ard would be comparable to brackish or ccean growth, Thess fish show a greater
svablilizatlion of growth betwsen the 5th and 15th eirculi than was found on
Molalla salwmon, which appsars to indicate better envirormental conditions
in.other streams. A possible change from a parent stream to the warmer
Willamette River may have resulted in growth shawm by graphs 4, 5, and 12,

In Figure 17, which contains secale graphs of salmon taken during Cetcber,
November, and Decenbsr, ths same general characteristics are ncted for the
summer months as in the preceding figure, a similar decline in interspaca
distances followed by a levaling tendency. Some of the fish encountered relatively
good feeding conditions batween Cctober and Dacember as 1nﬁicated by graphs
9 and 12. Graph 9 presents an unusual pattern with a false annulus between

the 10th and 17th circull, a period of increased growth, and the formation of
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Figure 17, Selected Scale Oraphs of Spring Chinook Yearlings Caught at Oswego
Station, October, November, and December 1947-50.
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a second annulus. It aﬁpears doubtful that this fish was in its third
year bacause the pericd of increased growth batwsen the 18th and 23rd
circuli would not be likely to represent one entire year. Definite annuli
formations had occurred on some fish as shown by graphs 2, 9, 11, and 12.

The late winter and spring migrating yearling salmon are shown in
Figure 18, Again the same general growth characteristics are shown, a rapid
prowth for the first few circuli, a general decline in circull spacing, and
summer stabilization on some fish. Unusual winter growth patterns without
an annulus formation are pressnted in gravhs 2 and 3. Definits winter annuli
were present on the migrants represented by graphs 4, 7, 10, and 11, while
on others such formations were not nearly as distinct.

An unusual scals pattern was noted on a group of 17 ysarling migrants
caught at Oswego on May 5, 1950. TFollowing the winter annulus, the interspacs
di=tances were significantly greater than noramal, and the ecircull heavier
and thicker. Similar patterns were observed on only 2 few other occasions, and
only once sustained for more than a few circull (Figure 18, graph 11). This
type of growth was comparable to scale patterns generally assumed to be formed
during brackish or ocean residences,

In Figure 19 graphs cf both adult and young fish are presented for com-
ﬁarison of fresh- and early salt-water growth. Graphs 1, 3, and 7 are typlcal
of greatly accelerated scale growth on yearling migrants; graphs 2, 4, and 8
are from adult scales with similar early-growth rates. Those circull with
interspace distances exceeding 3.0 rm. are assumed to have been formed in
brackish or ocean water. Scale photomicrographs of yearling migrants show that
the interspaces indicating accelerated growth are wider than normal for fresh
water, and are similar to brackish or ocean-growth patterns shovm by adult scales.

Brackish water growth may be represented by circuli 19-28 on graph 6.
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To avoid confusion with normal, accslerated fresh-water growth following
the winter annulus, this type has been called "supsrlor fresh-watar growth®,
Norzal distances between fresh-water circuli are rarely 3.0 mm., while on the
superior fresh-water type they range from 3.0 to 5.0 mm. and are limited painly
to yesarling migrants in April and May, and ooguionally to eumner fingerlings.
In Pigure 19, grephs 5 and 6, an April fingerling migrant 82 mm. in length,
showing excellent fresh-water growth, is compared with a 5-ysar-cld adult
spring chincok. The early patterns of each are strikingly similar. Figure
16, graphs 6 and 11, represent two fingerling migrants with a similar scals
pattern. Since these average cloge to 3.0 mm. they would qualify {for superior
fresh-water growth and also fulfill the requirements of vintermediate" growth
(Rich, 1920).

Rich cbserved an sccelerated type of fresh-water growth cn scales of
young salmon from the lower reaches of the Columbia which he called "inter-
pedinte”. These intermediate rings represent a perloed of growth more rapld
than normal growth in fresh water and yet nmot as vigorous as true ocean growth
Intermediats rings were not present on scalss of every specimen, but among
the larger fry and yearlings taken in the estuary sfter the first of June
soms were always found which showed this typo of growth at the margina of the
scales (Bich, 1920). Among Rich's spesimens, thoss taken from Ilwaco and
Point Fllice noar the mouth of the Columbia were within the influence of
brackish water, and marginal circuli probadly represented true intermediate
growth, Salmon racovered near Crim's Island, batween Clot=kanie and Mayger,
Oregon, were above the brackish zonm, as was a fish takan in the Clackamas
River which represented superior frash-water growth.

~ Since two greatly accelerated rates of non-ocsen growth have bsen observed,
one from the influence of brackish and the othsr from fresh water, we may regard
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them as intermediate and superior fresh-water growth, respectively. As

both types are simllaf, the problem of differentiating them will arlse vhen
adult salmon scales are examined. Assuming that superior fresh.water growth
18 dus to temporary environmental conditions, there should logically ba a
roturn to normal fresh-water growth pattern when the fish have left the
favorable habitat. In support of this, Figure 13, graph 11, shows a 137 mn.
vearling migrant which enjoyed exceptional grouth for a time followed by
normal fresh-water scale growth. This fish was taken at Oswego station, far
above the influence of brackish water; hence such growth can enly be considered
as superior rather than intermediate.

Figure 20 compares scale patterns of yearling migrants and adult salmon.
Adult graphs 2 and 4 have bands of accelerated growth believed to have been
completed in fresh water; graphs 1 and 3 are similar. The possibility that
the first checks represent winter annuli is unlikely since the entire spring
and surmer growth would than consist of only 4 or 5 circull. BEarly accelerzted
growth rates on these adult scales indicate superior fresh-water growth.

Tigure 20, graohs 5, 6, 7, and 8, also show superior fresh-water grewth
on scales of migrant and adult fish. The pronounced second-winter annulus
on the adult in graph 8 is believed to be compossd of fresh-water circuli, while
adult graoh 6 may represent intermediate growin. A1l adult scales were cbtained

from salmon returning to spawn.

Formation of First Winter Annulus in Spring Chinook

The appearance of an annulus defined as zan aggregation of closely-grouped
circuli occurring once a year usually in winter has bsen previously mentioned.
The following observations were made during tha present study; (1) annulus

formation does not occur simultaneously on all young ealmon; (2) the annulus
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may be formed in eny month between Cctober and May; and (3) fresh-water
annuli cenerally are found between the 10th and 20th circuli and are
recognized as a band of 4 to 6 closely grouped circuli.

In Figures 15, 17, and 18 the scale patterns that compose the annulus
show wide variation in time of formation, resulting possibly from differences
in environmental conditions among river systems where the fish originate.
Variations among fish in the same system can also account for differences
in timing. Table 4 contains data on time of annulus formation based on
scale samples of fish taken at Oswego in the years 1947-51. The earliest
completed annuli found were in October, when some fish had fully formed and
distinguishable winter checks. In general, by the end of December approximately
50 per cent of the flsh examined had completed annuli. The majority of specimens
from April catches had completed annulus formation.

The distance betwsen circulil forming zn annulus ranzed from 1.5 to
2.3 mn., (108 X). Normally, the number of cireuli within a check was betwsen

4 and 6, and the check occurred most frequently between the 15th and 20th

cireuli.

SUMMARY

Under normal conditions, spring chinock salmon of the Willamette River
spawn between August 25 and October 5, Abnormal environmental conditions
nave resulted in exceptionally late spawning that has continued until late
YHovember -

Tha lengtﬁ of egg-incubation ranges from a minimum of 58 to a maximum of
150 dzys.

Young fry normally emerge from the graval during February or March,

occasionally in mid-Jenuary,and as late as the first week of Juna.



Table 4. Annulus Formation of Yearling Spring Chinook
Salmon Caught at Oswego Station, 1947-51.

Date No. Fish Mean No. Fish With No Fish With Fish With
Cavght in Sample Cireuli Annull Formation _ Formation Occurring Formation Completed
(Number) (Per Cent) (Number)(Per Cent) (Number) (Per Cent)

Xtobar

5, 1948 14 19.5 1 7.1 6 42.9 7 50.0
.0, 1949 17 16.0 4 23.5 10 58,8 3 Y7.7
0, 1950 51 16.5 16 1.4 24 47.0 il 21.6
lovember '

2, 1950 30 17.4 5 16.6 22 73.4 3 10.0
Jacewber

i0, 1949 5 19.0 2 L4o.0 3 20.0 2 40,0
7. 1950 30 10.0 b 13.3 10 33.4 16 53.3
B8, 1950 6 0 0 3 50.0 3 50.0
lanuary

5, 1951 4 21.7 0 0 2 50.0 2 50,0
7. 1951 6 21.3 0 0 3 16.7 5 83.3
'sbru o
g8, 1%7 17 20.0 0 0 11 65.0 6 35.0
7, 1951 b 21.0 0 0 2 50.0 2 50.0
1, 1951 10 20.8 0 0 L 4070 6 60,0
iarch

1, 1947 6 20.5 0 0 2 33.3 L 66.7
23, 1648 2 19.0 0 0 0 0 2 100.0
L, 1949 3 17.7 0 0 3 100.0 -

28, 1949 2 23.0 0 0 1 50,0 1 50,0
22, 1950 25 19,0 0 0 15 60,0 10 40,0
28, 1951 21 20.4 0 0 7 33.3 14 65.7
\pril

5, 1948 7 18.8 0 0 2 28.5 5 71.5
19, 1948 3 19.0 0 0 0 0 3 100.0
28, 1949 1 21.0 0 0 0 0 3 100.0
L, 1950 2 17.0 0 0 2 100.0 - 0
L7, 1950 13 20.0 0 0 2 15.4 13 4.6
L3, 1951 3 21.3 0 0 0 0 3 100.0
30, 1951 24 20.3 0 0 2 8.3 22 91.7
e —
5, 1950 17 18.8 0 0 3 5.9 16 ob.1
L7, 1951 1 19.0 0 0 0 1 100.0




Length of residence in a spawning tributary of tho Willamatte may
range from 3 to 18 months after spawning.

There are three distinct periods of downstream migration: (1) a late
winter-early spring fingerling movement, which is freguently the largest
in numbers of fish from a given year-class; (2) a fall-early winter migration
(October through December), which in some years may exceed in numbers the
later yearling migration: (3) a late winter-soring yearling moveﬁent
( February through the first of May).

The fork lengths of migrating fish range from 33 %o 140 mm.==from 37 to
100 mm. for the fingeriing late winter-early spring group; 10C to 130 mm.
for the late fali—aarly winter yearling group; and 100-140 mm. for the
yearlings in their second spring.

Growth rates vary for fish from different river systems, probably
due to variations in water temperature and feod availlability. Accelerated
growth in the spring occurs up to 2 months earlier for fish in the lowar maln
Willamette compared with fish in the upper tributaries.

Abnormallj cold winters appeared to restrict the growth of young salmon.

Seale formation begins on the first scale rows immediately above ard
below the lateral 1lins and moves progressively outverd from this line. The
first scale platelets form on fish betwsen 37 and 41 mm. in length.

Formation of the winter annulus may cccur any time between Octobzr and
April on Willamette salmon, although by January approximately half the fish
in the samples have some stage of annulus formation underway.

The relationship between number of circuli and fork length on yearlings
is best represented Ey a slightly sigmoid curve.

The relationship between the number of circuli and age of yearlings isg

nen-linear. A slightly curved line again provides ths best fit.
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The number of circuli on downstream migrants ranges from 0 to 23.

In goneral, the youngest migrants have 0 to 15 circuli, the first fall-early
winter fish 13 to 16, and the yearling group, 1% to 29.

There were more circuli invariably on seaward migrants than on fish
remaining in their parent streams, at the same time of year, thus indicating
that site was a factor influencing time of migration.

A greatly accelesrated type of growth, referred to as superior fresh-water
growth, is found on only a small mumber of yearling fish in the lower
Willamette River that arparertly have experienced exceptionally good
environmental conditions. When graphed, this growth is identical with
brackish or even salt-water growth.

Fresh-water scale growth patterns show considerable variation, but
only rarely, except on scales with superior fresh-water growth,do the circull
interspace distances exceed 3.0 mm. at 108X,

In general, fresh-water spring and summer growvh is between 2.0 to

3.0 mm. at 108 X, and winter-annulus circuli distances 1.3 and 2.0 mm.
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