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ABSTRACT

The juvenile life history and age composition of

Klamath River fall chinook salmon (Oncorhvnchus tshawvtscha)

were determined for adult populations returning to major
spawning tributaries from 1984 to 1986. Three juvenile life
histories were identified from the analysis of adult scales.
Most adults exhibited scale patterns indicative of typical
summer emigration but a significant portion of some
tributary populations had extended juvenile rearing.
Measurements of scale radius and circuli counts were used to
determine indices of early freshwater growth and size at
ocean entry. Comparisons between tributary populations
showed differences in proportions of life history type and
in freshwater growth rates. Age at maturity was inversely
related to the rate of growth during the first year. Older
age-at-return groups showed higher incidence of extended
juvenile freshwater rearing.

Age composition analysis showed that very few older
aged adults returned to spawn on major Klamath River
tributaries during 1986. Comparisons between the age
composition of recent runs with those of historic runs
suggests a reduction in the average age of returning wild

Klamath River fall chinook salmon.
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INTRODUCTION

Among all Pacific Coast salmon species, the chinook

salmon Oncorhvnchus tshawvtscha has been shown to exhibit

the greatest variability in life history strategies.
Juvenile life history varies widely both in terms of the
duration and location of freshwater rearing and in the
timing of juvenile emigration to the ocean. Juvenile growth
characteristics can also vary widely within a given river
system. Much of what i1s known about juvenile life history
has come from sampling juvenile populations. Juvenile
sampling studies unfortunately do not produce a full
understanding of the relative importance of different
juvenile life history strategies as they relate to survival
through to maturity and successful reproduction. This
relationship can only be understood by determining the
juvenile life history of returning adults using adult scale
analysis. By matching the first year growth patterns
observed on adult scales to a specific juvenile life history
type, the contribution of different early life history
strategies to the reproductive population of a given stock
on a given river system can be determined. This can be
accomplished through the analysis of the first year patterns

of adult scales. An understanding of the first year nuclear
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region of scales is also inportant for correct determnation
of age (Koo 1967).

Glbert (1914) was the first to identify different
life history patterns from scales of adult chinook sal non.

He coined the terns "ocean type" and "stream type" to

di stinguish two basic types of nuclear scale patterns. The
ocean type nucleus represents fish which mgrate to the
ocean early in their first year possessing nostly ocean
growth in the first year growh zone. The stream type

nucl eus is conposed entirely of freshwater growth and the
first annulus is forned at about the same tine these fish
mgrate to the ocean during the early nonths of the second
year. Snyder (1931) used Glbert's classification systemto
determ ne proportions of these two life history types for
Klamath R ver fall chinook salnon for return years 1919,
1920, 1923, and 1930. Snyder discovered nany individuals
wth scale patterns which were internediate in nature

bet ween the ocean type and stream type patterns. He assuned
these intermediate patterns represented extended freshwater
or estuarine rearing during the first year of growh but he
could not clearly separate these types fromthe nore classic
ocean type life history pattern.

Rich and Hol mes (1928) introduced the term
“conposite nucleus' to describe the domi nant juvenile life
history pattern for Colunbia River fall chinook sal non.

Col unbi a chinook were found to mgrate to the ocean

t hroughout the year (Rich 1920) and nost exhibited a



conposite nucleus of part freshwater growh and part ocean
growth. Sone had small anounts of freshwater growth and

| arge anounts of ocean growh and others had |arge anounts
of stream growth and small anmounts of ocean grow h. Bet ween
these two types were intergradations so conplete as to make
finer distinctions inpossible.

Recently, finer distinctions have been made for
juvenile life history types in several river systens.

Reinmers (1973) identified five life history patterns for

fall chinook salnmon from Sixes Rver, Oegon. Rei mer s
collected juvenile scales from | ocations throughout the
basin at various tinmes of the year. He then interpreted the
juvenile life history patterns of returning adults using the
juvenile scale collections as reference naterial.

Schluchter and Lichatowi ch (1977) identified seven life
history patterns for spring chinook salnon from the Rogue

R ver, O egon.

Little is currently known about the juvenile life
history of wild Klamath River fall chinook salnon.  Snyder
(1931) observed a pronounced emgration of juveniles during
the summer and early fall near the nouth of the river.
Juvenil e sanpling on the upper Trinity River near Lew ston
has shown that |ocal downstream m gration peaks in May and
June, continues until July, and practically ceases by the
first of August (Mffett and Smth 1950). A second smaller

pul se in downstream nmovenment was observed in Cctober or






The specific objectives of this study were to:

Document juvenile life history strategies of
returning Klamath Rver wild fall chinook sal non
popul ations.

Conpare life history strategies of tributary

popul ations by conparing juvenile life history type
proportions, indices of freshwater growth, and age
conposition of returning adults.

Document any change which has occurred over tine
in the juvenile life history strategies or age
conposition of the Klamath River fall chinook

sal non popul ation by conparing scale sanples
collected fromrecent runs with scale sanples

collected from historic runs.



MATERI ALS AND METHCDS

Scale Analysis of 1984-86 Return Years

Scal e sanples were collected fromadult chinook
sal mon captured at counting weirs operated by the California
Departnent of Fish and Gane (CDFG on the |ower portions of
the South Fork Trinity, Salnmon River, Scott River, Shasta
River, and Bogus Creek during the fall of 1986 (Figure 1).

A few sanples were collected during carcass surveys on the
South Fork Trinity in 1986 and were included in the South
Fork Trinity collections. Scale sanples were also collected
at the South Fork Trinity weir in 1984 and 1985. Scal es
were renoved fromthe left side of each fish three or four
scale rows above the lateral line and slightly posterior to
the posterior insertion of the dorsal fin. Collection date
and fish length were recorded with each scal e sanple.

From each scale sanple four to eight scales were
nmount ed between two gl ass microscope slides and magnified at
140x using a Realist Vantage | nicrofiche projector. The
sel ection of nounted scales fromthe total available scale
sanpl e was guided using two rules. First, regenerated
scal es were not nmounted. Second, only scales with the |east
reabsorption were considered. If all scales fromthe total

sanpl e exhi bited extensive reabsorption, making correct age
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determnation doubtful, the sanple was excluded from the
analysis. A single scale was then selected from each
mounted sanple for analysis. An attenpt was nade to sel ect
the largest and nost symmetrical scale from each nounted
sample. Al scal e neasurenments were taken on the single
scale. The additional mounted scal es were used as
additional reference sanples when life history patterns were
particularly difficult to interpret.

For each representative scale a paper strip was
pl aced against the face of the mcrofiche projector along a
radial line 20 degrees dorsal to the anterior-posterior
scale axis. The center and outer edge of the scale focus
and the outer edge of each succeeding circulus encountered
along the line out to the first annulus were marked. The
poi nt of ocean entry and the outer edge of the first annulus
were al so marked. The point on the scale representing ocean
entrance was determned by identifying an abrupt change from
narrow y spaced circuli near the scale focus or center
(indicative of freshwater growth) to w der spaced circul
formed during growth in the ocean. The outer edge of the
first annulus was determ ned by identifying that point on
the scale where circuli spacing started to significantly
wi den from the narrow spacing of slower w nter ocean growh
to the relatively explosive spring and sunmmer ocean growth
pattern exhibited by chinook sal non.

Al circuli counts and scal e neasurenments were taken

fromthe marked paper strips. Measurenents were made to the
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nearest mm Al circuli counts began at the first circulus
outside the scale focus. Scale radius to the point of ocean
entry was neasured fromthe center of the scale focus to the
out side edge of the |ast apparent freshwater circulus. The
age of spawners was determned by counting scale annuli.

Scal e radius neasurenents to ocean entry were used
to compare size at ocean entry between age at return groups
fromdifferent tributaries (Mttley 1942). Scale circuli
spacing reflects growh rates of fishes (Koo 1967) and have
been previously used as an indicator of chinook sal non
freshwater growth rates (MPherson and Craner 1983; Craner
and McPherson 1983). The term "band wi dth" has been used to
describe the measured width of bands of scale circuli
Rei mers (1973) used successive w dths of bands of five
circuli to study the first year growh of juvenile and adult
fall chinook. Band wi dths represent circuli spacing over a
given portion of life history and can be used to conpare
freshwater growh rates of chinook sal mon (MPherson and
Cramer 1983). In this study band widths were neasured from
the outside edge of the scale focus to the 10th and 30th
circulus. Measurenents to circulus 10 were used to conpare
early freshwater growth rates between different
age-at-return groups fromthe different tributaries sanpled.
Klamath River fall chinook al nost always possess at |east 10
freshwater scale circuli.

Juvenile life history type classification was

determned by subjectively interpreting the first year scale
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pattern. Visual interpretation was based primarily on the
relative proportions of circuli formed during growh in
freshwater (closely spaced) versus circuli formed in the
ocean (wi dely spaced) during the first year. Measurenents
to circulus 30 were used as a nore objective nethod to help
val i date subjective juvenile life history type
classification for return groups which were particularly
difficult to visually interpret.

Back-cal cul ated lengths at ocean entry for various
life history groups were determned using the |ength-scale
rel ationship devel oped by MIIs (1987). This relationship
was devel oped using fish lengths and scal e neasurenents from
juveniles collected wwthin the Klamath basin in 1984 and
1985. Adult scales could not be used to develop a
| ength-scale relationship due to extensive and varying
degrees of scale reabsorption and erosion. The regression
equation used was: L = 34.5 + 3.48X where L = length in mm
and X = anterior scale radius. (DF = 171, r = 0.79). Prior
to back calculation, a correction factor of 48/ 140 =
0.342857 was used to adjust freshwater scale radius
nmeasurenents to conpensate for the difference between the
magni fications used by MIls and in this study. A
statistical conparisons were performed using sinple two

sanmple t-tests.
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In addition to the investigations of 1984-86
returns, a sanple of fall chinook salnmon scales collected
fromthe Klamath Rver in 1921 was examned to conpare life
history characteristics and age conposition of historic runs
with the current popul ation. These col | ections were made
by J.O Snyder, California Departnent of Fish and Gane,
during his early investigations of Klamath R ver fal
chinook salnon. Scale sanples collected by Snyder and his
co-workers were fromthe gillnet fishery operating in the
Klamat h estuary. Between 50 and 100 fish were sanpled each
day during the 1921 gillnet season resulting in scale
collections from 3,949 fi sh.

The 1921 collection was systematically subsanpled to
produce a smaller representative sanple of 173 fish. The
total available sanple was first stratified by harvest week
to elimnate potential sanpling bias favoring any particul ar
portion of the season (in those days |arger older fish were
known to enter the estuary at the end of the fishing season
(Snyder 1930)). Each weekly sanple was then sequentially
ordered by fish length and a representative 1 in 23
subsanpl e was systematically selected. Age and juvenile
life history classification for the 1921 sanples were
determ ned using the sane net hods enpl oyed for the 1984-

1986 scal e sanpl es.



RESULTS

Ase Conposition

1986 Return Year

Mpj or differences were observed in the age
conposition of Klamath River tributary populations (Table
1). Jack (precocious male salnon) returns during 1986 were
strong on the Shasta and Scott rivers while Bogus Creek and
the Salnon River had relatively weak jack returns. In
general, age 3 fish domi nated the 1986 returns. Age 4 fish
were poorly represented on all tributaries except the Sal non
Ri ver where they conposed 24% of the run.

Age conposition results obtained through scale
anal ysis only approximte the actual age conposition of each
returning tributary population. This is evident when
conparing the length frequency distributions of fish
included in the scale analysis with California Department of
Fish and Game (CDFG length data collected fromall fish
observed at the various weir sanpling sites (Figure 2). A
strong sanpling bias appears to have occurred in the scale
sanples collected at the Shasta River weir and the Sal non
River weir sites. Figure 2 shows that jacks and smaller age
3 fish were over-represented in the scale sanples collected
fromthe Shasta R ver and that Sal mon River scale sanples

appear to be biased towards | arger older individuals. O

12



Table 1. Age Composition of Fall Chinook Salmon Returning to Klamath River Tributaries

During 1986.

Age at Return

2 3 4 5
Tributary % n % n % n % n
So. Fk. Trinity 33 (69 65 (137 2 6 0 1
Salmon River 9 € 64 37 24 14 3 2
Scott River 41 33 46 37 13 211 0 0
Shasta River 57 27 34 16 9 4 0 0
Bogus Creek 19 13 79 54 2 é. 0 0
Klamath River 23 (62,391 64 (147,333 12 (26,996) 1 (3,09

3age composition and estimated number by age of Klamath River fall chinook salmon
entering the estuary during 1986 (USFWS 1987).

€1
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all locations sanpled, South Fork Trinity scale sanples
probably best represented the actual age conposition of the

run.

South Fork Trinitv River - 1984-1986 Return Years

Anal ysis of South Fork Trinity R ver sanples showed
that the 1984 and 1986 runs were simlar in age conposition
(Table 2). Age 3 fish domnated these runs while age 4
spawners were poorly represented. The 1985 return year
differed, having ahigh proportion of jacks, a weak age 3

conponent, and a significant number of age 4 spawners.

Juvenile Life H storv

Life Hi story Tvpes

Three major types of juvenile life histories were
arbitrarily defined fromthe study of adult scales (Table
3). The primary characteristics used to distinguish the
three juvenile life history types were: nunber of freshwater
circuli, amount of freshwater growth, and the spatia
relationship of the ocean entrance check to the first
annulus.  Type-l1 is characterized by having 9-22 freshwater
circuli with the majority (>90 percent) having 11-18. This
type reaches the ocean early enough to experience strong
first year ocean growth (Figure 3). Type-1l1 fish have nore
freshwater circuli (20-36) and exhibit nuch less first year
ocean growth. They enter the ocean later in the year when

ocean growth conditions are less optimal and typically form



Tabl e 2.

Age Conposition of Fall

18

Chi nook Sal non Ret urni ng

to the South Fork Trinity River in 1984-1986.

Age at Return
2 3 4 5
Return Year % % n % n % n
1984 32 (12) 63 (24) 5 (2) 0 (0)
1985 74 (84) 10 (12) 15 (17) 1 (1)
1986 33 (69) 65(137) 2 (5) 0 (1)
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Table 3. Description of the Mjor T%gfs of Juvenile Life
Hstories of Fall Chi'nook Salmon in the Kiamath
River, California.
Type Descri pt I on

Rear in freshwater for several nonths before
mgrating to the ocean during the summer nonths.

Rear in freshwater for an extended tinme period,
n18rat|ng to the ocean in the autum or as late as
md-winter. This type is assumed to include both
juveniles that remain in the tributaries until
autumm rains, and those that mgrate to the main
river in spring or early summer and rear either in
the nainstemor estuary until ocean entry.

Rear in freshwater through the sumer, autumm, and
winter entering the ocean the follow ng spring as
yearlings.
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the first ocean annulus a shorter distance out fromthe
ocean entry check (Figure 4). Type-IIll individuals do not
have clearly distinguishable ocean entry and first annular
checks, both occurring in roughly the same scale position
(Figure 5). They enter the ocean at the tine when types |
and Il are formng the last part of the ocean annulus which
is assuned to formin the late winter or early spring
(Fraser 1916; Snyder 1931).

It is the consistency of the scale patterns wthin
each group which determned the level of confidence the
author has in making inferences about early life history
characteristics (timng of ocean entry, the |ocation and
duration of freshwater rearing, etc.) fromthe scale
patterns observed. \Wile type-1 group scal es exhibited
little difference anong patterns within the group for nost
brood years, type-lIl group scales, by contrast, showed a
much greater variety of scale patterns within the type-|
group.

The typical type-1 group scale pattern was assuned
to represent individuals that emgrate from spawni ng
tributaries relatively soon after energence, magrating to
the ocean early enough to put on significant ocean growh
during the first year. By contrast, the general scale
characteristics of the type-lIl group scale patterns included
greater freshwater growth and nuch less first year ocean
growth which taken together indicate |later ocean entrance

timng and result in smaller size at the time of first



l:_Fl gure 4.

Scal e Characteristics of a Type-II1, Age 3, 64cm
Spawner Sampled Fromthe Scott R ver Show ng the
Poi nt of Ccean Entry (o.e.) and the First Annulus
(1) Fornmed in the Ccean. te the Geater Number
of Freshwater Circuli and Smal | er Nunber of
First-Year Ccean Grculi Than on the Type-|
Spawner .
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Scale Characteristics of a Type-III, Age 3, 58cm
Spawner Sampled From the Scott River Showing the
Point of Ocean Entry (o.e.) and the First Annulus
(1) in Roughly the Same Scale Position.



24
annulus formation. Though all type-11 individuals exhibited

these basic scale characteristics that distinguished them
fromthe type-1 group, nuch variation was observed for
certain scale characteristics within the type-11 group.

This nakes the inferences about possible life history
scenarios within the type-11 group nore specul ative and
based on nore assunptions. For exanmple, the anount of first
year ocean growth on type-11 scales could range fromjust a
few first year ocean circuli up to 10-15 i n nunber.
Individuals with less first year ocean circuli usually had
greater numbers of freshwater circuli. It was assumed that
these observed differences in the number of first year ocean
circuli represented a broad range in ocean entrance timng.

| Wiile sone type-11 individuals reached the ocean several
months before first 10-15 formation and before the end of
the ocean growth season, others entered the ocean just
:‘before annulus formation putting on very little growh in

., the ocean during the first year. In addition, freshwater

‘ circuli spacing for type-11 individuals could be very narrow
;or very broad, or a single type-11 individual could exhibit
i a combination of bands of narrow and widely spaced
freshwater circuli prior to the ocean entrance check. This
‘variation in freshwater circuli spacing anong different
ype-11 individuals was assumed to represent differences in
freshwater growth rates that could be attributable at |east
_n part to freshwater residence by sonme individuals in areas

.of the Klamth River basin which had favorable growt h
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conditions versus residence by others in areas in the basin
with much poorer growth conditions, or movement between
these two.

The type-Il1 group is therefore a catchall group that
contains within i1t several life history sub-groups that
could not be defined during this study from interpreting
scale patterns. The description therefore of the type-11
- group given i1n table 3 i1s more speculative and iIs based on

. several assumptions as previously stated.

. Overview of Life History Results

The type-1 life history was the most abundant group
among all age 2 and age 3 fish returning to all locations
during 1986 (Table 4). Type-1 fish dominated the age 2
toups while type-11 fish were nore preval ent anong
returning three year olds particularly for Salmon River,
Scott River, and Bogus Creek spawners. Life history types
80f Bogus Creek spawners cénnot be directly compared to other
iroups due to higher straying rates of unmarked hatchery
”jish (lvan Paulsen, CDFG, pers. comm.. It is possible that
— relatively high proportion of type-Il to type-1 fish
ng Bogus Creek age 2 and age 3 spawners is partially the
esut of high straying rates of lron Gate Hatchery fall
eases.

Hatchery fall chinook straying rates based on
ipcse clip observations on other upper Klamath River

ributaries are low (Hankin and Diamond 1984). Significant

hery straying has occurred in past years on the



Table 4. Relative Proportions of Klamath Basin Fall Chinook Salmon Life History Types
(1,11,111) For Each Age at Return by Location and Return Year, 1984-1986.

Age at Return

2 2 A

Return ) l Ll 11 | 11 111 l Ll 111
year  Location % n % n % n % n% n% n % n% n% n

1986 Salmon River 8 4) 20(1) 0(0) 59( 22) 41(15) 0(0) 21( 3) 71(10) 7(D
1986 Scott River 100(33) 0(0) 0(0) 76( 28) 22¢ 8) 3(D) 27( 3) 73( 8) 0(0)
1986 Shasta River 96(26) 41  0(0) 94( 15) 6( 1) 0(0) 75( 3) 25( 1) 0(0)
1986 Bogus Creek 79(11) 21(3) 0(0) 52( 28) 46(25) 2(1) o( 0) 100( 1) o0¢(0)
1986 S. Fk. Trinity 91(63) 7(5) 1QD) 91(125) 5(7) 4(5) 60( 3) 0( 0) 40(2)
1985 S. Fk. Trinity 98(82) 2(2) 0(0) 25( 3) 58( 7) 17(2) 88(15) 6( 1) 6(1)
1984 S. Fk. Trinity 67(8) 25(3) 8(1) 75( 18) 17( 4) 8(2) 100( 2) 0( 0) 0(0)
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E?South Fork Trinity, but in 1986 straying was much |ower due

é;to reduced off-site hatchery rel eases of 1982-84 brood year

fish (Terry MIls, CDFG pers. conm. Shasta River and

i South Fork Trinity age-at-return groups were dom nated by

g type-1 fish with very few spawners exhibiting extended
} freshwater rearing as juveniles. Type-IIl fish were rarely
~encountered anong all sanples and are assuned to be quite
- rare anmong returning wild Klamath R ver fall chinook sal non
adul ts.

Low numbers of age 4 chinook returned to Klanath
River spawning tributaries in 1986. Age 4 groups had high
proportions of individuals with the type-Il life history
(Table 4). Juvenile life history patterns of age 4 fish
returning in 1986 were nore difficult to interpret than the
patterns of age 2 and age 3 spawners. This held true for |
all 1982 brood year sanples (1984 South Fork Trinity two
year olds, 1985 South Fork Trinity three year olds, and 1986
four year old groups fromall locations). Results of life
history classificationsfor South Fork Trinity returns
during 1984 and 1985 al so show hi gh proportions of type-11
i ndividuals from 1982 brood year groups (Table 4). Because
of the difficulty in distinguishing Ilife history types for
1982 brood year sanples, | tried to separate life history
types using a nethod which would be nore objective than
visual interpretation. A radius neasurenent fromthe scale
focus to the 30th circulus proved to be the best scale

variable to distinguish between types | and Il for conbined
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age 3returns (1983 brood year) (Figure 6). Life history
types of conmbined age 4 returns (1982 brood) did not clearly
separate using this method suggesting that first year growth
was about the same for these two life history types. This
was confirmed by neasurenments to the 30th circulus for age 4
hatchery returns. Coded wire tagged (CW) age 4 hatchery
spawners returning in 1986 were sanpled fromthe Indian gil
net fishery. Iron Gate Hatchery and Trinity River Hatchery
age 4 fish were grouped by hatchery release type (Figure 6).
Age 4 fingerling (June) releases show on the average poorer
growth to the 30th circulus than do fall releases. In light
of these results, life history classifications for the 1982
brood nust be viewed nore tentatively than results for other
brood years.

Juvenile life history can affect the ultinmate size
of returning adults (Table 5). This becones clear when
conparing the size at return of type-1 age 3 spawners wth
size at return of type-11 and type-111 age 3 spawners
returning in 1986 (Figure 7). Juvenile life history type
did not produce an obvious difference in size at return
anong age 4 spawners, however. Figure 7 presents Bogus
Creek (high hatchery stray rate) size at return for age 3
spawners for conparison with grouped age 3 spawners from
- upper Klamath tributaries (low hatchery stray rates).

Length frequency distributions of age 4 hatchery returns

during 1986 (1982 brood) showed that June rel ease hatchery
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Table 5. Mean Length (cm) of Klamath River Adult Chinook Salmon by Life History Type
(1,11,11D), Age at Return, and Location for Samples from 1986 Return Year./a

Age at Return

2 3 4
Location | 1 11 | 1 11 | 1 11
S. Fk. Trinity 48.8 46.0 46.0/b 69.1 63.1 58.6 83.3 80.0
Salmon River 54.5 48.0/b - 75.2 67.0 88.7 89.0 96.0/b
Scott River 52.0 70.1 62.1 58.0/b 85.0 82.4
Shasta River 53.1 57.0/b - 68.0 66.0/b - 82.0 84.0/b -
Bogus Creek 53.1 43.3 68.9 63.4 65.0/b 85.0/b -
Klamath River/c 46.6 66.9 83.9

a/Group sample sizes are identical to those presented in table 4.
bSingle value.

c/Mean Length at age of Klamath River fall chinook salmon entering the estuary during 1986
(USFWS 1987).

0¢€
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returns were on the average smaller than returns from fall

rel eases.

Size at the Tine of Ocean Entry
Mean scale neasurenents to point of ocean entry

grouped by age-at-return and life history type were quite
vari abl e between the different tributaries studied (Table

6) . Type-1 age 2 and type-1 age 3 groups provided the

| argest sanple sizes and the nost neaningful conparisons of
size at ocean entry (Figure 8). Mean scale radius to ocean
entry was larger for type-1 age 2 groups than for type-1 age
3 groups at all locations sanpled except Bogus Creek

al though this difference was statistically significant
(p<0.05) at only 3 of the 4 sanpling sites (South Fork
Trinity, Scott, and Shasta Rivers). Bogus Creek values for
age 2 and age 3 type-1 groups were the highest of all

| ocations sanpled. Salnon, Scott, and Shasta R ver val ues
all appear to be close in magnitude. South Fork Trinity

R ver age 2 and age 3 type-1 groups had by far the | owest
scal e radius measurenent to ocean entry values of any of the
| ocations sanpled. Size at ocean entrance for South Fork
Trinity age 2 type-1 fish were significantly smaller
(p<0.05) than Scott, Shasta, and Bogus Creek age 2 type-1
groups and the South Fork Trinity age 3 type-lI group was
significantly smaller (p<0.001) than Sal non, Scott, Shasta,
and Bogus Creek age 3 type-1 groups. The relative smal

size at ocean entry of returning South Fork Trinity adults



Table 6. Mean Scal e Radi us Measurenment (mm x 140) to the Point of Ccean EntrY for Life
H story Type Goups (I,II,111) by Age at Return and Location for Fall Chi nook
Sal non Returning to Klamath River Tributaries in 1986

Age at Return

_ 2 3 4

Locat i on | [ [ 1] | [l [ 1] [ [ 1]
S. Fk. Trinity 59.3 94.8 110.0% 54. 2 83.3 109. 0 63.7 - 120.0
Sal mon River 64. 0 96.02 - 61.7  106.1 - 65.7 106.3  150.02
Scott River 67.3 - 62.9 91.1 136.0% 79.7 108.3 -
Shasta River 66. 6 93.0% - 58.6  102.0% - 53.0 79.0% -
Bogus Creek 67.4  107.0 - 69.5 105.9 125.0% - 119.02 -

8single val ue.
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Is also confirned by results for two year old type-I groups
from 1984 and 1985 (Table 7).
Aver age back cal cul ated | engths at ocean entry for
age 2 and age 3 type-1 groups ranged from92.2 mmto 117.4
mm (Table 8). Type-Il groups ranged from 133.9 mm to
161. 9nm i ndi cating good freshwater growth for this type

during the late sumer and fall nonths before ocean entry.

Freshwat er G owth

Early freshwater growh rates represented by scale
radi us neasurenents to circulus 10 were variable anong the
different sanpling locations (Table 9). Age 2 and age 3
type-1 early growth rates (Figure 9) matched well with the
size these groups attained at ocean entry (Figure 8),
suggesting a strong positive correlation between early
freshwater growth rates and size at ocean entry. South Fork
Trinity type-1 two and three year olds showed the sl owest
freshwater growth rates and tested significantly |ower than
all other locations (p<0.005). Mean values for type-1 two
year olds were larger than type-1 three year olds at all
| ocations except at Bogus Creek although these differences

were not statistically significant (p>0.05).

Size at the Tine of First Annulus Fornmation

Size attained at the time of first annulus formation
represented by scale radius neasurenents is presented in
Figure 10. Major differences are apparent between the age

groups of the 1986 returns. Age 2 fish on the average



Table 7.

Mean Scale Radius Measurement (mm X 140) to the Point of Ocean Entr

History Type Groups (1,11,111) by Age at Return for Fall Chinook Salmon
Returning to the South Fork Trinity River in 1984-1986.

for Life

Ase at Return

Return 2 3 4

year I 11 L I 1 Il ] I L
1984 61.6 105.0 112.0%2 64.6 101.0 98.5 56.5 -

1985 59.6  109.5 - 81.3  108.3 100.5 61.7 89.02 115.0%
1986 59.3 94.8 110.0% 54.2 83.3  109.0 63.7 - 120.0

3single value.

9=z
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Table 8. Predicted Mean Length (mm) at the Time of Ocean Entry for Life History Type

Groups (I1,11,111) by Age at Return and Location for Fall Chinook Salmon

Returning to Klamath River Tributaries in 1986.

Age at Return
) 2 3 4

Location | I i | 1 11 | 11 Il
S. Fk. Trin. 105.3 147.6  165.7% 99.2 133.9 164.6 110.5 - 177.7
Salmon R. 110.9  149.0% - 108.1 161.1 - 112.9  161.3 213.52
Scott R. 114.8 - 109.5 143.2  196.8% 129.6  163.7 -
Shasta R. 114.0  145.52 - 104.4 156.22 - 97.7 128.8% -
Bogus Cr. 114.9  162.2 - 117.4 160.9  183.62 176.5% -

8single value.

LS



Table 9. Mean Scal e Radius Measurenment (mmx 140) to Circulus 10 G ouped by Life History
Type (I, I1,111) and Age at Return for Fall Chinook Sal mon Returning to Kl amath

River Tributaries during 1986.

Age at Return

Locati on IF 1] IF 1] Iﬁ 1]
S. Fk. Trinity 32.2 33.2 27.0% 32.1 32.3 31.8 37.3 - 31.5
Sal mon Ri ver 44.3 42.0% - 37.9 37. 4 - 33.0 33.9 37.0%
Scott River 39.7 - 38.6 34.3 36.02 38.0 32.1 -
Shasta River 37.7 36.02 - 35.5 41.02 - 33.3 30.02 -
Bogus Creek 40. 1 38.3 - 40. 2 38.0 42.0% - 41.02 -

4single val ue.
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attained the |argest size at the tine of first annulus
formation, age 4 returns were the smallest, and age 3 fish
were of internediate sizes. A trend of smaller sizes at
first annulus formation for ol der age groups is apparent.

The relatively small sizes at first annulus
formation for age 4 (1982 brood) fish returning in 1986 were
al so observed for the other age groups returning from the
1982 brood. Fish returning to the South Fork Trinity River
at age 3 in 1985 and at age 2 in 1984 also show snal |
relative sizes at the time of first annulus formation
(Figure 11). This is nost evident when conparing Figure 10
with Figure 11.

The 1921 Return Year

A length frequency distribution for 3,949 fal
chinook captured in the estuary gillnet fishery during 1921
Is presented in Figure 12. Substantial size selection in
the gillnet fishery is evident. Age 2 jacks and snaller
three year olds probably did not contribute to the harvest.
Esti mated age conposition of the catch was 38.2 percent age
3, 42.8 percent age 4, 18.5 percent age 5 and 0.6 percent
age 6. Juvenile life history proportions for the different
age at return groups is presented in Table 10. An increased
proportion of life history types Il and Il is observed for

the ol der age at return groups.
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Table 10. Relative Abundance of Klamath River Fall Chinook
Life Hstory TyPes (I,11,111) for Each Age at
Return for Sanples Collected from the 1921
G llnet Fishery.
Ase at Return
Life Hstory 3 4 5 6
Type % n % n % n % n
I 100 66 94.6 70 78.1 25 0 0
| 0 0 4.1 3 18.8 6 0 0
III 0 0 1.4 1 3.1 1 100 1




DI SCUSSI ON

Three juvenile life histories were identified from
the scales of wild adult Klamath River fall chinook sal non.
Life history type-1 (salmon which mgrated during their
first summer) dom nated age 2 and age 3 groups from all
| ocations sanpled in 1986 contributing 79-100 percent anong
age 2 return groups and 52-94 percent anong age 3 return
groups. Type-II fish (mgrate to the ocean in fall or early
Wi nter) were nore preval ent anong age 3 than age 2 groups.
Though of limted value due to small sanple sizes, age 4
groups from 1986 returns had high rel ative frequenci es of
the type-11 life history. A trend of higher proportions of
individuals with extended freshwater rearing (type |l) anong
the older age at return groups is evident for 1986 returns.
Simlar relationships have been identified for historic
Klamath River fall chinook salmon runs (Snyder, 1931) and
for chinook salnon sanpled from the Northern California
troll fishery (Denega 1973). Reiners (1971), however, found
no apparent relationship between juvenile life history type
and the age of return spawners in his investigations on
Si xes River, O egon.

Age 4 spawners were poorly represented in spawni ng
runs from all |ocations sanpled except on the Salnmon River

(24 percent). A trend of larger, older spawners on the

45
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Sal non River has been observed for some years (Ji m Hopel ain,
CDFG, pers. comm). Possible causes of poor age4 returns
in 1986 to major Klamath River spawning tributaries include:
the selective targeting of the larger, older adults by the
termnal Indian net fishery, higher commrercial ocean trol
fishery exploitation rates for age4 fish, and the effects

of the 1983 El N no event on the 1982 brood.

The Effects of the 1983 El Nino on the 1982 Brood

Many of the first year scale patterns of age four
fish returning in 1986 were difficult to interpret. Thi s
held true for all age groups returning fromthe 1982 brood.
Al early emgrating fish (type-1) fromthe 1982 brood
exhibited first year ocean growh which was as poor or
poorer than typical freshwater growth. Grculi spacing was
very narrow in the first year scale ocean growth zone nmaki ng
the point of ocean entry difficult to identify. In
addition, nost type-1 fish fromthe 1982 brood showed two or
three checks in ocean growth during the first year, the
strongest occurring in the scale region where nost type-|
fish put down an ocean entry check thus paking even juvenile
life history classification uncertain in many cases. For
these reasons it is possible sone type-1 1982 brood year
fish may have been msclassified as type-11.

The peak physical effects of the El N no event
appear to have occurred in the spring of 1983 (Norton et al.

1985) and produced decreased phytopl ankton and zoopl ankton
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levels during the summer and fall (McGowan 1985). During
the early summer, type-1 Klamath River juvenile chinook
enter the ocean and start their first year ocean growth
period. Therefore, the difficulty encountered in
interpreting 1982 brood juvenile life histories may be
largely due to poor ocean growth conditions off the Northern
California coast produced by the 1983 EI Nino event.

Because of the confusing nature of the first year scale
patterns of the 1982 brood, | compared my juvenile life
history classifications with Oregon Department of Fish and
Wildlife personnel (Lisa Borgerson, Corvallis Research
Station, ODFW, pers. comm.). She concurred almost
completely with my interpretations of 1982 brood Klamath
River scale patterns.

It appears that the 1983 EI Nino had at least two
effects on 1982 brood year Klamath River chinook. First,
ocean growth rates in the first year were reduced, as
confirmed by narrow first year ocean Circuli spacing (Figure
6) and by small relative scale measurements to the first
annulus (Figures 10 and 11). Second, a possible high
mortality of type-1 juveniles was suggested by the
relatively high proportions of type-I1 to type-1 fish among
all age groups returning from the 1982 brood (Table 4).

Life History T

Differences in relative frequencies of life history

types were also apparent between the different tributaries
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studied. The Scott and Salmon rivers appear to support
fairly large proportions of returning age 3 and age 4 adults
with the type-11 life history. South Fork Trinity and
Shasta River returning adults showed this type to a lesser
degree.

Rearing conditions during the summer months on the
tributaries studied may partially account for the observed
differences 1in the incidence of extended juvenile rearing.
Water temperatures on the Shasta and South Fork Trinity
rivers rise to high levels early in summer, approaching 27°c
by July, and usually remain at high levels through the
summer months (USFWS 1985; Mark Zuspan, CDFG, pers. comm.).
These summer temperatures exceed the lethal limit for
chinook salmon juveniles (Brett 1952) and severely restrict
the amount of summer juvenile rearing habitat available
within each subbasin. Summer water temperatures in the
Shasta subbasin have been reported as the most important
constraint to anadromous fish production (USFWS 1985).
Results of juvenile sampling on the Shasta River indicate
that virtually all juveniles migrate out of this tributary
by late June or early July (CDFG, unpublished data). In
contrast, water temperatures on the Salmon and Scott Rivers
are significantly lower during summer months (USFWS 1985),
rarely rising above 23°¢ during August. Juvenile chinook
salmon have been sampled on the lower reaches of these two

systems during the late summer and fall months (CDFG,
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unpublished data) although the majority of juveniles migrate
out of the Scott and Salmon rivers by early summer.

South Fork Trinity type-1 juveniles had slower early
freshwater growth and were smaller at ocean entry than fish
from any other system studied. This may be indicative of
poor growth conditions in the South Fork Trinity River or
could be a genetic attribute of this run. Sedimentation has
been reported as the most important constraint to anadromous
fish production on the South Fork Trinity River (USFWS
1985). Large sediment loads in the South Fork Trinity River
and i1ts tributaries have filled in juvenile rearing pools.
Severely degraded juvenile rearing habitat caused by large
sediment loads may be responsible for the observed reduced
growth of type-1 South Fork Trinity fish. Shasta River
type-1 three year olds had the next slowest growth and size
at ocean entry although these values could be lower than
true population values due to biased sampling of smaller

sized (slower growing) adults.

Size at the Time of Ocean Entry

Mean back-calculated lengths at ocean entry for
type-1 juveniles were similar to lengths observed during the
summer months in the estuary (USFWS 1981; Klamath estuary
Investigation, CDFG, 1986, unpublished data). Type-I
back-calculated lengths at ocean entrance are similar to
back-calculated lengths at ocean entry reported for Rogue

River fall chinook (McPherson and Cramer 1983) and spring
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chinook sal mon (Schluchter and Lichatow ch 1977) wth
simlar ocean entrance timng.

Mean back-cal cul ated |engths at ocean entry for
type-11 and type-I11 groups are conparable to reported
juvenile sizes in the estuary during the fall and wnter
months (USFWS 1981; Klamath estuary investigation, CDFG
1986, unpublished data). Mean back-cal culated |engths at
the time of ocean entry for type-1l and type-I1l groups are
much larger than those reported for juveniles with simlar
ocean entrance timng on the Rogue River (Schluchter and
Li chatowi ch 1977) and Sixes River (Reimers 1973) in O egon.

Many of the individuals that had the |argest
back-cal cul ated sizes at ocean entry (150-190mm anong the
type-11 and type-1I1l groups had first year scale patterns
whi ch |ooked very simlar to observed scale patterns of
hat chery chinook salmon released in the fall. Oregon
Departnent of Fish and WIdlife personnel famliar with the
scale patterns of simlar releases on the Rogue River
strongly concurred with these observations and identified
many of the scale patterns of individuals fromthe type-II
and type-I11 groups as obvious "hatchery patterns" (Appendix
A . If this conclusion is correct it would help account for
the large sizes at ocean entry for these groups when
conpared to wild juveniles with simlar ocean entrance
timng fromother systens. |Irongate and Trinity River
hatcheries release fall chinook at average sizes of
140-170mm (CDFG 1984) and it is possible that fall release
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strays may partially account for the large average size at
ocean entry among these life history groups. This
explanation, however, is contradicted by the extremely low
numbers of fin clipped hatchery fish observed at the
tributary counting weirs for the last 10 years (Hankin and
Diamond 1985: lvan Paulsen, CDFG, 1986, pers. comm.).

Another possible source of the type-11 and type-I11I
fish with very large size at ocean entry are the chinook
pond rearing programs operated on the upper Klamath River.
Many juvenile chinook reared at lrongate Hatchery are
trucked to pond sites along the Klamath River in June of
each year. These Tish are then reared at the ponds through
the summer and released during the fall. Most of the fish
identified as having the type-Il life history in this
Investigation came from the Salmon and Scott rivers (Table
4). Many of the pond rearing programs are in fairly close
proximity to these tributaries. Straying rates of
pond-reared fish are difficult to evaluate because of an
inconsistent marking program. Approximately one third of
218,000 pond-reared fish released during 1983 (1982 brood)
were given left pectoral (LP) fin clips (CDFG 1985a). Very
few fish with LP clips were observed at the Shasta, Scott,
and Salmon River weirs in 1985 and 1986 when these fish
returned at ages 3 and 4 (Jim Hopelain, CDFG, pers. comm;
CDFG, unpublished data). However, none of the 388,000
pond-reared fish released in 1984 (1983 brood) were given an

identifying mark of any kind (CDFG 1985b) and straying rates
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into major Klamath River tributaries by these fish when they

returned at age 3 in 1986 are unknown.

Using Scale Analysis to Understand the Nature
of Extended Freshwater Rearing

Much of the extended freshwater growth observed on
many of the type-11 and type-111 first-year scale patterns
does not appear to take place during tributary residency.
Maximum juvenile lengths observed during juvenile sampling
studies (CDFG, 1985, unpublished data) on the South Fork
Trinity and Scott rivers ranged from 100-120mm during
September. Average back-calculated sizes at ocean entry for
these groups are much larger than this suggesting that much
of the freshwater growth put on during the fall and winter
months must occur during mainstem or estuary residency.
Another possible explanation would be that the largest
juveniles are more difficult to capture during tributary
sampling studies because of greater agility and awareness or
because larger juveniles hold in deeper water with higher
current velocities.

At the present time there i1s not enough information
available to determine the exact nature of the extended
freshwater rearing of type-I1 and type-111 wild Klamath
River fall chinook. Type-Il individuals include all fish
which migrated to the ocean late in their first year.
Snyder (1931) acknowledged that within his "ocean type"

group were many individuals which had extended freshwater
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growth beyond what was normally observed for the typical
ocean type pattern. Snyder assumed that after spring and
summer downstream migration, a significant number of
juveniles delayed ocean entrance and established residence
in the estuary during the summer and early fall. It was
thought that favorable estuarine growth conditions allowed
these i1ndividuals to attain large sizes before ocean
entrance in the fall. In my investigation, there 1is
evidence from 1984-1986 adult scale patterns that my type-IlI
group may itself consist of two types: (a) fish which reside
in low produétivity areas (possibly tributary streams) until
autumn rains, then emigrate to the ocean, and (b) another
group which exhibit strong freshwater growth (indicative of
productive mainstem or estuary rearing). There is no clear
distinction between these two types however, and | could not
justify separation of the type-11 group based on this
speculation. Only if large numbers of juvenile scale
samples were analyzed from the various spawning tributaries,
mainstem, and estuary over several years would i1t be
possible to answer this kind of question.

The 1mportance of using wild juvenile scale analysis
to correctly interpret the juvenile life history from adult
spawner scales cannot be over-emphasized. Reimers (1973)
carried out extensive juvenile scale sampling and analysis
to establish a solid foundation of baseline information
which he used to interpret the juvenile life histories of

returning adults. This is difficult to do on the Klamath
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system because |arge nunbers of hatchery release groups are
present in the mainstemriver and estuary throughout the
sunmer, fall, and winter. Juvenile sanples collected from
these locations usually contain large proportions of
hat chery rel eases whi ch nakes inferences about the |ocation
and duration of wild juvenile chinook rearing difficult. As
a result, nmy conclusions about the |ocations of extended
freshwater rearing and time of ocean entry particularly for
type-11 and type-I111 groups nmust be consi dered specul ative
and general. The point of ocean entry and the first annul ar
check were-usually easy to identify on nost type-I|
I ndi vi dual s. The increased nunber of freshwater Grculi and
t he reduced anobunt of first year ocean growth evident on
type-11 scales justify their distinction fromtype-1 fish
However, the wi de variation of patterns in the type-11 group
(appendi xes A and B) suggests that further separation into
types based on a thorough analysis of wld juvenile scale

sanpl es may be possi bl e.

Use of the Estuary for Rearing

Scal e analysis did not suggest extensive estuarine
rearing by wild Klamath River fall chinook salnon juveniles
Rei mers (1973) determ ned that chinook estuarine growh was
I nternedi ate between freshwater and ocean growth for Sixes
River fall chinook salnon. Estuarine circuli were
Internediate in spacing between those forned in freshwater

and the ocean. Rich (1920) discovered many juveniles with
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intermediate Circuli spacing in samples he collected iIn the
Columbia River estuary and concluded that this spacing
represented growth in the estuary. Clearly distinctive
intermediate Circuli spacing was not evident on Klamath
River adult fall chinook scales. This observation does not
necessarily lead to the conclusion that Klamath River
chinook do not use the estuary for extended rearing,
however. Estuary growth rates have been found to vary
widely (Shepard 1981). When estuary growth rates are
similar to mainstem growth rates, scale Circuli spacing is
also similar (Healey 1980). Under these conditions the
distinction between freshwater growth and estuary growth
based on scale analysis may not be possible. Rich and
Holmes (1929) found estuary scale growth very difficult to
distinguish from stream growth and ocean growth for Columbia
River chinook salmon. Snyder (1931) collected very large
juveniles (160-180mm) in the Klamath River estuary during
the fall and reasoned that these large sizes could only be
attained after significant growth in the estuary. Recent
Investigations suggest that a limited number of wild chinook
salmon juveniles may currently use the estuary for extended
rearing in early fall (CDFG, unpublished data) but further

Investigations are needed to support this evidence.

| lationshin of Fi | . _

In general, age 2 chinook had greater freshwater

growth rates and were larger at ocean entry than age 3 fish.
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Cramer and MPherson (1983) obtained simlar results for
Rogue River spring chinook salmon. They found a negative
correlation between age-at-return and freshwater growth as
represented by freshwater Circuli spacing. It has often
been shown that early-maturing salnon grow nore rapidly than
| ate-maturing ones (Ricker 1964; Parker and Larkin 1959).
Size at the tine of first annulus formation represented by
scal e nmeasurenents to the first annulus was negatively
correlated with age of maturation (Figure 10). Neilson and
Geen (1986) found a simlar relationship between age of
maturation and back-cal culated size at formation of the

first otolith annulus for male Sixes River chinook sal non.

Vulnerabilitv of Capture for Life Historv Types

It is of interest to note the average sizes at
return of type-1 and type-I1 age 3 groups returning in 1986.
Average size at return for type-11 groups ranged from 62.1
cmto 67.0 cmwhile type-1 age 3 groups ranged from 68.0 cm
to 75.2 cm  Hankin (1985) showed that Kl amath R ver
hat chery rel ease groups which produced larger fish at age 3
exhibited greater age 3 exploitation rates. Wth a
comercial size limt of 66 cm type-1 fish (faster grow ng,
earlier maturing) are nore vulnerable to capture at age 3 in
the ocean troll fishery than are type-I1 or type-Ill fish at
age 3. However, adults which reared for an extended period
in freshwater are on the average slower grow ng throughout

their life and are nmore likely to mature at ol der ages.
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Therefore, the selective advantage of avoiding the troll and
net fisheries for type-Il and type-111 age 3 returns
(because of snall size) is offset by the disadvantage of

being vulnerable to capture in greater nunbers at age 4.

The 1921 Return Year

The length frequency distribution presented in
Figure 8 shows the narrow size selection by gillnets used to
harvest fall chinook salmon in the Klamath estuary. This
characteristic of the distribution was al so observed by
Snyder (1931) for the 1919, 1920, 1923, and 1930 gill net
harvests. Fish snmaller than 65 cm were alnost entirely
excluded from the catch, thus excluding age 2 fish and the
smal | age 3 fish. Age 4 and age 5 adults were nore heavily
targeted because of the net mesh size used. These
characteristics of the historic gillnet fishery are very
simlar to those of the current net fishery operating on the
Klamath R ver today (USFWS 1986).

Type-1 scale patterns from the 1921 sanples were
very simlar to type-1 patterns observed fromthe 1986
sanpl es, suggesting that freshwater growh rates and the
size and timng of ocean entry for this domnant life
history type has not changed nuch over tine. In general
wld Klamath River fall chinook sal non returning to naj or
spawning tributaries during 1986 exhibited greater
proportions of extended freshwater life histories than did

the 1921 sanples collected fromthe estuary gillnet fishery.
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Meaningful comparisons between the two populations are
difficult to make however, because of the different sampling
methods employed. Tributary populations were sampled
randomly by length while the historic sample was biased
towards larger fish. A good example of how this may affect
life history proportions i1s the complete absence of type-11
and type-l111 life histories among age 3 fish from the 1921
sample (Table 10). Smaller sized age 3 returns (less than
65 cm) were excluded from the sample because of the size
selectivity of the fishery. It is known from analysis of
the 1986 returns that smaller sized age 3 fish were the most
likely to have had extended freshwater residency as
juveniles (Figure 7). In addition, the extreme effects of
the 1983 EI Nino make comparisons between age 4 fish
difficult.

Juvenile life history type analyses for the
different age-at-return groups from the 1921 return year
show increased proportions of life history types with
extended freshwater rearing among the older age-at-return
groups. This trend was observed by Snyder (1931) for return
years 1919, 1920, 1923, and 1930 and was also evident among
1986 returns to Klamath River tributaries (Table 4). This
trend has also been reported by other workers using scale
analysis to identify life history types of fall chinook
salmon caught in ocean fisheries (Van Hyning 1951; Denega

1973).
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Age composition results for the 1921 harvest (Figure
9) are similar in many ways to age compositions determined
by Snyder (1931) for the 1919, 1920, and 1923 harvests. Age
4 fish dominated the catch in the early days of the gillnet
fishery representing from 63-78 percent of the harvest for
any given return year while age 3 (11-16 percent) and age 5
(10-20 percent) groups composed proportionately much less of
the total catch. The major differences in the age
composition of 1921 returns when compared to Snyder®"s
results are a comparatively weak return of age 4 fish (43
percent) coupled with a comparatively strong return of age 3
fish (38 percent). Age 5 fish represented 19 percent of the

catch which i1s within the range Snyder observed.

han in the A tructure of Wild Klamath
River Fall Chinook Salmon

Comparisons of the age composition of the Klamath
River fall chinook salmon population of the 1920"s with the
age composition of the current population are difficult to
make but can be very useful in understanding how fishing
pressures over the years may have affected the population.
Inferences can be made about the age composition of the
current gillnet catch using length frequency data (USFWS
1986). Age 5 fish do not appear to currently contribute as
much to the catch. In addition, age 3 and age 4 fish now
contribute about equally to the gillnet harvest but during

the 1920"s age 4 fish almost always dominated the catch.
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The age composition of the entire population entering the
Klamath estuary has been determined for return years
1979-1986 using scale analysis (USFWS 1986). Age 2 fish
have contributed on the average 26.1 percent, age 3 41.6
percent, age 4 29.0 percent and age 5 only 3.3 percent over
that span. In addition, very few wild age 4 and age 5 fish
were observed on major Klamath River tributaries during 1986
(Table 1). This body of evidence suggests a decrease in the
average age of returning Klamath River fall chinook salmon.

Ricker (1980) discussed the reduction in age at
maturity of eastern Pacific chinook stocks at great length
and gave eight possible causes. Ricker stated that in many
areas the chinook troll fishery captures many fish that do
not mature in the year of capture thereby reducing the
average age of spawning fish. Snyder (1931) observed a
dramatic reduction in the age structure of the 1930 net
harvest when compared to the age structure of earlier years.
He speculated that selective depletion of the older age
groups by the net fishery left earlier maturing fish to
propagate in undue proportions. Snyder felt that if the
tendency to mature at a certain age was heritable then a
selective advantage to mature at younger ages would exist
under these conditions. Since the time of Snyder®"s work, it
has been shown that age of maturation is partly heritable
(Donaldson and Menasveta 1961) and can be modified by
selection. Others have suggested that many North American

chinook salmon populations are now exploited at levels which
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iIf not reduced will lead to stock collapse (Hankin and
Heal ey, 1986). Hi gh rates of exploitation coupled with
sel ective targeting of larger, older adults can cause severe
| oss of stock reproductive potential and genetic selection
for small size and early age of maturation. M hope is that
the wild Klamath River fall chinook salmon population can be
managed in the future to offset these problens by allowng
greater nunbers of larger, later maturing adults to
successfully reach their spawning grounds and reproduce and
avoid the historical trend of decreasing stock size and the
disturbing prospect of potential genetic selection for

earlier age of maturation.
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Scal e Characteristics of a Type-1l, Age 3, 68cm
Spawner Sanpled From the Salnmon River in 1986
Showi n% Very Rapid Freshwater Gowh, Attaining
Large Size at the Tinme of Ccean Entry %o.e.)

Wth a Small Amount of Ccean G owth Before
Formng the First Annulus (1).
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APPENDIX B.

Scale Characteristics of a Type-1l, Age 3, 59cm
Sﬁawner Sanpl ed From the Salnmon River in 1986
Showi ng Freshwater Gowh to the Point of Ccean
Entr %o. e.) and the First Annulus (1) Formed
in the Ccean. Note the Reduced Amount of

Freshwater Gowh and Geater Amunt of First-
Year Ccean Gowth on this Scale Wen Conpared
to Appendix A Showing the Diversity Wthin the
Type-1'l G oup.






