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INTRODUCTION

 The Skag1t vaer (Figure 1) is the largest river in’ the Puget Sound‘Basin
(F1gure 2) The Skagit River originates in British Columbia, flows in a “Sduth-
westerly direction, and enters RosS Lake near the Canadian border. Ross Lake is
formed by Ross Dam, .the uppermost of three Seattle City.nght Company hydroelec-
tric dams on the mainstem Skagit River. Below Ross Dam the Skagit River flows
thrbugh the reservoirs of Diab1o,and'Gorge'Dams. The free-f]owfng Skagit contin-
ues below the Gorge powekhouse at Newhalem, a distance of 94 river miles (RM)
from its point of entry into Skagit Bay. Major tributaries entering the Skagit
R1ver below the Gorge powerhouse include the Cascade River at Marblemount, the
Sauk River below Rockport, and the Baker River at Concrete. Puget Sound Power &
nght Company operates two hydroelectric dams on the Baker River--Upper and Lower
Baker dams., Lesser tributary streams of vary1ng size enter the Skagit throughout
its length.
A1l five species of Pacific Salmon (coho, Onorchynchus kisutch; chinook,
0. tshawytscha; chum, 0. keta; pink, O. gorbushca; sockeye, 0. nerka) utilize
the Skagit system for spawning and rearing and contribute to the catch. There

are three distinct races of chinook--spring, summer, and fall. Chinook suéwn in
the 71-mile section of the mainstem Sauk River between Sedro Woolley and the
Gorge powerhouse, in 40 miles of the Sauk River, and in 21 miles of the Cascade
River. Additional chinook spawning occurs in larger tributary streams throughout
the drainage. Pink salmon spawn in the mainstem Skagit, sauk and Cascade Rivers
and tributary streams. Coho salmon utilize nearly every accessible tr1but§ry
stream, and also spawn in the mainstem Skagit, Sauk, and Cascade Rivers. Chum
salmon utilize the mainstem Skagit and Jower sections of the Sauk and Cascade
Rivers and tributary streams. Sockeye salmon production is largely dependent on
artificial spawning beaches located on the Baker River, though spawning also
occurs in the lake and its tributaries when the run exceeds the capacity of the
artificial beaches. '

- ' Spring Chinook
The Skagit River spr1ng chinook run begins 1in Apr11 peaks in mid-May, and

ends during mid-June. Sprlng chinook migrate into the upper Sauk, Suiattle, and
Cascade Rivers as much as 3 or 4 months prior to spawning. This race utilizes

spawning grounds distinct from summer and fall chinook. Spring chinook spawn in
the Sauk River from RM 21 to a falls at RM 41 on the North Fork and also utilize
about 2 miles of the South Fork below another barrier to upstream migration. The
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.area be tween the wh1techuck River and the forks is the most heav11y ut111zed
Spring chinook spawn in the Su1att]e River pr1mar11y in tr1butary streams, 1nc1ud~ :
1W} Big, Tenas, Buck, Downey, Sulphur, and L1me Creeks. Spr1ng chinook spawning

TEE

rounds in the Cascade River begin above a canyon at RM 8, and cont1nue upstream
REE | AM 5 on the North Fork and RM 20 on the South Fork. A total of 40 .miles of

s spawning grounds is known to be utilized by spring chinook, 1nctud1ng 22 miles
of the Sauk River, 13 miles of the Cascade River, and 5 miles of Suiattle River
tributaries. Because of glacial colcration, utilization of the ma1nstem Suwatt]e(l
River far spring chinook spawning is unknown. It appears from car"ass observa-

» however, that little spawning occurs in the main river,

Enumeration of spawning spring chinook is limited to index areas assumed to
be reprasentative of the total spawning area. Index areas include 7 mTles of the
unper Sauk River between the forks and the mouth of the Whitechuck R1ver, and
four Suiatile River tributaries: Big, Buck, Tenas, and Sulfur Creeks. Spawning
ground surveys on the upper Sauk River are made by rubber raft, helicopter, and
zirplane, whereas foot surveys are made on Suiattle River tributaries. Spawn1ng

ground counts of spring chinook have been made since. 1959 to determ1ne adult

abundance in all index areas. Because of the var1ab111ty between the time of
paak spawning for different” years, each index area is surveyed a number of times
to insure the peak is observed. Peak adult counts for index areas are expressed
as the number of fish per mile, and total escapement estimates are based on a
compar1son of years for which index counts are ava11ab1e. ‘

The first spring chinook spawning is in the Suiattle River tributaries as
early as mid-July. Spawning in this area normally reaches a peak prior to mid-
August and continues until mid-September. The first arrival of spring chinook

<i0ns

on the spawning grounds coincides somewhat with flow conditions in the tributary
streams, the first good counts teing made after an increase in stream flows,
Spring chinook spawning in the Sauk River upstream from Darringtbn begins 1in
early August, reaches a.peak in late August or early September, and is complete
by mid-September. Surveys of spring chinook abundance in the upper Cascade River
have been limited. Obsprvat1ons indicate that timing in the Cascade River coin-
cides with other Skag1t River spr1na chinook spawning areas.

Summer Chinook

- Suimmer chincok saimaon begin gntering the lower Skagit in mid-June, and.
continue until early August. Summer chinook may spend as long as 2 months matur-
ing in the river prior 1o spawning. Summer chincck spawning grouncs inciude 71 K




'm11es of the main Skagit R1ver from Sedro wool1ey to Gorge. powerhouse, the Sauk o
River from its mouth to RM 21 at Darrington, and the lower 3 miles of the Cascade o

River. Spawning also occurs in- larger tributary streams, 1nc1ud1ng the. Baker
River, Il1labot, Diobsud, Bacon, Falls, and Goodell Creeks. Summer chinook begin
spawning in mid-August~and tontinue until early October. L o
Fall Chinook
Fall chinook beg1n to enter Skagit Bay and the Skagit River in late July,
overlapping with summer chinook. HMigration into the river continues through
August and September, with spawning beginning in late September and continufng
through October. It appears that fall chinook spawning in the mainstem Skagit
River is at least partially a result of juvenile chinook releases from Skagit
Hatchery. Large numbers of fall chinook, originating from Green River Hatchery
stock, have been released from Skagit HatChery into the Skagit.R1ver’since'1957
(Table 1). Furthermore, low hatchery returns suggest that straying occurs (Table
2). '

Age- Composition

Biological data (scales; length measurements, and sex determ1nat10n) have
been collected from chinook harvested in the Skagit Bay commerc1a] fishery and
carcasses recovered on the spawning grounds. Scales from spawning ground car-
casses are used to determine freshwater age; because of absorption, however,.
these scales cannot be used to determine saltwater age. Therefore, age data from
the commercial catch is used primarily to reflect age composition.

Four-year-old chinook are the major contributor to the gill net_catqh, and
from 1965 to 1972 represented 73.4% (Table 3, Figure 3). The second largest year
class was 5-year-olds (16.0%), followed by 3-year-olds (9.6%). Six-year-old fish
comprised only 1.1% of the catch. Because of the large-mesh gill nets used for.
chinook, 2- and 3-year-old chinook are not harvested at a rate proportionate to
numbers returning. Length frequency data obtained from seining near Hamilton
showed that 27% of the chinook caugnt were less than 60 cm in 1ength the minimum
size harvested by gill nets.

Chinook age cannot be determined by length. As shown by Figure 3, there is -
almost complete overlap between all age classes.



- Commercial Harvest

Mature Skag1t River ‘chinook,’ along With British Co1umb1a, Nooksack River, b

#nd <3m7;h River stcc“s, have historically peen harvested by ccmmarcxal fisheries .

onqg West Beach (northwest side of ¥hidbey Island) and in Skagit Bay. In Skagit

al
3ay, chincok of Skagit River origin are harvested by a vari iety of gear types. A
surtien of the bay lies within .the beundary of the Swinomish Indian Reservation,

«ad the Swinemish Tribe operates two fish traps south of Hope Island, Drag seines

are also Tished by Indians on the Swinomish Reservation; however, these ara used
r"r3r11y for the harvest-of pink saimon during odd-numbered years, with chinook
teing captured incidentally. Indians fish on- and off-reservation with gill
rnets,  The non-Indian harvets of chirook in Skagit Bay is limitad almost entirely
tc g*i; niat gear. '

id and hatchery chinook have raL bzen marked to determine m1grat0ry pat-
tarns and contribution to fisheries cutside Skagit Bay and West Beach, If Skagit

chinocok can be assumed to behave in a manner similar to Puget Sound chinock stocks

that have been marked, the/ contributa to catches of commercial and sport f1sher-
ez of Washington, British Columbia, Jregon, and Alaska. f

There has been a continuing decline in the number of chinook harvested in
Skagit Bay becausa of increased harvest of Skagit chinook by the "outside" fish-
eries and decreased production. Skag1t Bay commercial catches for the TO-year
period from 1935 to 1944 averaged 31,601 chinogk annually (Table 4). The annual
average catch dropped to 21,056 for 1945-1954 and to 15,501 and 11, 900 for 1955-
1964 and 1965~ 1972, respectively. The average for 1965-1972 was greatly increased
by the 1965 catch of 27,278 and the 1966 catch of 19, 180 Since 1967, catches
exceeded 10,000 only during 1968 (10,816),

Although the annual Skagit Bay chinook catch has shown a sharp decline since
1967, the catch per landing (CPUE) for gill nets has increased. ' For the years

1955 through 1966 the CPUE was 4.3, while for the years 1967 through 1972 the CPUE |

was 6.1. The primary cause of the difference between the CPUE for thase periods
was the restr1ct1ve regulations necessary to protect summer chinook to assure
adequate escapement

The seasonai distribution of commercial Skagit Bay chinook catches has been
altered since the mid-1960's because of the need %o protect summer chinook stocks
and allow an adequate escapement {Figures 4 and 5). The opening of Skégit Bay
has been delayed until the end of Julv, with Vimitad fishing time for the First 2
weeks, and a closure along HESE.BEaCK to the 15-fm depth contour. These rastric-
tions nave resulted in a h{gher perczatage of the <hincok catc ch sccurring atter
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August l when hatchery fa]] ch1nook begin enter1ng Skagit Bay. The timing of the
catch from 1935 to 1958 is typ1f1ed by a b1moda1 curve with a depress1on near.
mid-August. =Based on Samish- -Bellingham Bay catches, hatchery fall ch1nook enter
the fishery in the first week of August, the run peaks {n mid-August, and is
through the fishery by the second week of September. Catch distribution prior to
1958 shows that Skagit wild chinook stocks (summer) were: In the Skagit Bay. catch

from May to mid-September and, furthermore, a substantial number were bejng caught

" after August 1, the period -during which fall chinook would enter the catch.

Four-year-old fall chinook of hatchery origin first returned in 1961, and
have continued through 1972. The period 1959-1966 thys includes 6 years:of. hatch-
ery fall chinook returns and illustrates the impact of hatchery releases on
Skagit Bay catahes. - During’ the period 1959-1966 the depression in the catch
during m1d-August was eliminated, probably because of catches of these hatchery
fall chinook. The percentage return of hatchery fall chinook probably was not
great in view of the large numbers re]eased and the total chinook catch.

- Skagit summer chinook first enter Skagit Bay in mid- June and continue. through th
bay until mid-September. That portion of the run entering the bay after August T
overlaps the timing for hatchery fall chinook. Thus the summer run conta1ns a
segment which would enter the -river during the same period of time as hatchery
fall chinook

OBJECTIVES

The 1973 Skagit Chinook Race’ D1fferent1at1on Study was comprised of two
phases: adult and juvenile. Objectives of the adult study were to determine
spawning distribution, abundance, and timing for summer ang fall chinook, develop
a method to provide separate escapement estimates for these races, and determine
the impact of naturally spawn1ng hatchery fall chinook on wild stocks. Spring
chinook spawning grounds are distinctly separate from summer and fall chinook and

“already adequately surveyed. Therefore, more intensive surveys of spring chinook

spawning grounds were not necessary. Objectives of the juvenile study were to
determine spects of freshwater 1ife history, growth and survival rates, effect of
river flow fluctuations caused by releases from the dams, and fisheries contribu-
tion. Wild chinook fry were to have been coded-wire tagged to determine marine

survival, migration patterns, and rate of contribution to the various fisheries.




~ ADULT STUDIES

. : ‘ Methods . - :

v Adult chinook were tagged in ‘the Skagit R1ver near Hamilton dur1ng the 1973
pini =almon seining program.  All chinook in good condition were tagged with disc
tags and streamers and released at the site. Seining began on August 20 and 13 |
chinocok were tagged with a combination of. red disc and green flag. On August 27,
28, and 31, a total of 35 chinook were tagged with a yellow disc and ye]low f]ag.
A zotal of 72 chinook were tagged on Zeptember 4-7 with a white-white combinaticn,
3nd 37 chinook were tagged with a green-white combination on September 10 and 11.
in additicn, 52 chinocok were tagged green-yellow on September -17-13. A total of &4
Fomales, 139 males, and 1 sex unknown were marked and released. Tagged‘chinsak
were recoverad and observed during spewning ground surveys made by foct and toat
cn the Srkagit River and its tributaries.and at Skagit Hatchery. '

Distribytion, time of spawning, end separation of summer and fall ch1nook
stocks ware determined by aerial surveys. Aerial surveys of the Skagit River had
praviously been made by fixed-wing aircraft; during 1973, however, surveys were
made by boat and heliccpter in additicn to fixed-wing aircraft. It was felt that
becausz o7.the slower flying capabitity o7 a helicopter and improved v1s1o111by,
more accurate redd counts could be cbtained. Fixed-wing aircraft were used to

IR

compare .counts made by the two methods. Surveys by helicopter and fixed-wing
aircraft were made as close together'as possible on the Skagit River from the
mouth of the Sauk River to Newhalem, and on the Sauk River from the mouth of the
Suiattle River to Darrington. ‘Because of poor visibility from glacial runoff
from the Suiattle River drainage, surveys could not be made on the Skagit River
below the mouth of the Sauk or on the Sauk River below the mouth of the Suiattle.

Surveys were made when water and light conditions were optimum for redds to
show distinctly. Chinook excavate a relatively large arza prior to egg deposition
and algae growth is removed. For a pericd of time following excavation, redds
can be observed easily, and these distinct redds were counted. Redds under con-
struction or old redds visibile due tc a ta115p111 were not included.

Aerial surveys began on Se ptember 1 and continuad until October 18, and a
total of five helicopter and four fixed-wing flights were made on the ‘Skagit and
Sauk Rivers. Helicopter surveys of the Skagit River were made on Saptember 1, 8,
and 20 and Octeber 1 and 18; helicoptzr zurveys of the Sauk River were made on
the same dates except September 20. Rates of fixed-wing aircraft surveays were
" Septembar 5, 18. and 28 and Octobar © fayr Roth rivers. Dadd counts were made by
{1ying either upstream or downstream, dspending on tha Tncation of the sun, ic

minimize reflection off the water. slicopter air ipeed varied from O to G5




miles per hour depending on redd'density.' Air spééd of the fixed-wing'ai?é%éft
was re1at1ve1y constant, vary1ng from 70 to 80 m11es per hour, depending on"'direc-
| ‘ tion and speed of wind. In sections of high redd density it was necessary to
c1rc1e to obtain an accurate redd count.

, Skagit River chinook redd counts in the 27-m11e section from the mouth®of
the Sauk to the Gorge powerhouse were separated into two sections dur1ng the
surveys on Septembér 1, 8, and 20. During these surveys, redds were counted in
the Sauk to Cascade and Cascade to Gorge powerhouse sections. Redd counts were
made in five sections of the Skagit River during surveys made on October 1 and
18. The five sections were the Sauk River to Cascade River, Cascade River to
Diobsud Creek, Diobsud Creek to Bacon Creek, Bacon Creek to County Line Ponds,’
and County Line Ponds to the Gorge powerhouse. Sauk River redd counts were made
in the 7.8-mile section between the mouth of the Suiattle River and the bridge at
Darrington. | ' '

Spawning ground surveys were made on the Skagit and its tributaries to col-
fect tags and obtain biological data. A1l chinook carcasses which could be =
recovered were sexed, measured for length, and scale sampled. Females were fur-
ther examined to determine egg retention. '

Results
Survey method comparison
Helicopter and fixed-wing surveys were made dur1ng 1973 to determine which -
method produces the most accurate redd counts. Fixed-wing surveys were requ1red

for comparison with fixed-wing surveys for 1952-1972. Three surveys were made on
nearly the same date, -and the redd counts can be used to determine the difference
between helicopter and fixed-wing counts. Because surveys were not made on iden-
tical dates, a curve was drawn showing the daily number of redds. visibile by
helicopter. Fixed-wing aircraft counts for September 5, 18, and 28 were 68%
of the estimated number of redds which would have been counted by helicopter
(Table 5). Surveys by fixed-wing aircraft on the Sauk River on September 5 and
by helicopter on September 1 and 8 showed a similar discrepancy. The fixed-wing
count for September 8 (325) was 41% of the estimated helicopter count (790).
Large numbers of pink salmon spawn in the Skagit River during odd-numbered
years and utilize the same river sections used by chinook. Although pink salmon
prefer a somewhat different spawning habitat, generally mass spawn,vand construct
smaller redds, in areas where spawning overlaps it is necessary during observa-
tions to differentiate between redds of the two species. A distinct advantage of




”;Ene11copter surveys was the ab111ty to stop and carefu11y observe ‘redds’
_Because he11copter counts were h1gher. they are cons1dered more'accurate,
“rapd the rasults of 1973 asrial surveys are based ent1re1y upon: hel1copte% surveys.

:$kaqit River timing of spawning : SRR

Helicopter redd counts for the fauk to Cascade and Cascade to Gorge power-
nouse sections are shown in Table 6. These daily redd counts were plotted on a
greph and from these graphs the number of redds constructed each day was deter-
mined for each river section. In order to determine daily redd consfguétion from
aerial redd counts, it is necessary to know or assume redd life, the aVnrage
numbar of days a redd is visibile. No data on chinook redd life were ava11ab1e
from tha literature; therefore, a redd life of 21 days was estimated Trom past

gxperiance, Daily redd construction was estimated by the following uechn1que

1., Obsarved redd counts were piotted on a graph, and a curve fitted to the
counts. )

2. Daily redd counts for each day of the spawning period were estfmated
" from the graph. ' '

© 3,. The number of radds constructed the 1rst day of spawn1ng (day 1) is
equal to the number visible on that day.

4, The dai]y.number of redds cqnstructed“for days 2 through 21 was deter-
mined by subtracting the number of redds visible on the previous day
from the number visible on the day in question.

5. After day 21 the dai1y number of redds constructed was determined for
each day by adding the cumulative dai]y total redd count made 21 days
before that day to that day's number of visible redds. The number of
redds constructed that day was determined by subtracting the previous
day's cumulative total from that day's cumulative total.

The first Skagit River aerial survey was made on September 1, 545 redds were
counted between the mouth of the Sauk River and the Cascade River.. Based on this
count and/or past observations, it was estimated that redds would have first been |
visible on August 16. Redd counts for each survey were plotted on a graph and a
curve fitted to the redd counts (Figure 6). The number of redds constructed each .
day (Table 7) was determined in tha manner nreviously described. The redd can-
. strucfion data show a bimodal curve (Figure 7), with the two peaks gf%rad con-
| struction occurring on Sebtember48 and 29. Burnar {3951) observed that vemale




“chinook may spend as many as 5 days pf'pre#spawning redd construction'activity?ﬁs'
* Based on this observation, the two peaks of spawning in the Sauk to Cascade sec-
‘tion occurred on September 13 and October 2. o

~ Redd counts for the Cascade to Gorge powerhouse section 1nd1cated timing
similar to the Sauk to Cascade section (August 15 to October 30)(Figure 8, Table

9). Daily redd construction estimates show a bimodal distribution with peaks -
occurring on September 14 and October 6 (Fiéure 8). Based on Burner's observa-
tion, the two dates of peak spawning occurred on September 19 and October 11.

Sauk River timing of spawning . ",
Aerial counts of chinook in the Sauk River from Suiattle to Darrington began
on September 1 and_ended on October 18 (Table 6). Based on these surveys, it was
estimated that redds would have first been visible on August 16 and the last
redds visible on October 19, The number of redds constructed daily (Figure 10,
Table 9) was determined by the same technique used for the Skagit. Redd construc-
tion data for the Sauk River show a bimodal distribution with a major peak occur-
ring on Septémber 3 and a minor peak on September 25 (Figure 11). Based on .
Burner's observations, the two peaks Of.spawning occurred on September 8 and 30.
The major portion of spawning occurred during the segment which peaked on Seb-
tember 8 and occurred primarily prior to September 21. Abundance of redds in

eariy October was relatively minor, the Sauk River primarily serving as a spawn-
ing area for the early segment of the summer chinook run.

Sex ratio .

Spawning ground surveys were made by foot and boat on the Skagit River and
tributary streams to recover tagged chinook and determine the ratio of females
to males. Additional sex ratio data were obtained during chinook tagging near
Hamilton. The sex ratio obtained from spawning ground surveys diverged greatly

from that observed during tagging. Carcasses recovered during surveys included
155 females and 102 males, a ratio of 1.51 females per male. On the other hand,
during tagging, 139 males and 64 females were observed, a ratio of.1 female to
2.17 males. This is explained by examination of length frequencies for both
"sexes from chinook recovered during surveys and tagging. Spawning ground carcass
length frequencies show.an almost complete absence of males less than 70 cm
whereas they were abundant in the tagging study.(Figure 12).' Carcasses of small
males are more difficult to observe and more easily preyed upon. The sex ratio
. observed during tagging is assumed to be the most accurate data.




‘ Reta1ned eggs "

had from 0 to 24 eggs rema1n1ng, 7 7% had from 25 to 99 eggs, 1.7% had’ 100 to
25ys, end +.2% hed from 500 to 999 qus.‘ No female retained over 1 000 eggs.
These sampies indicate thatlegg“retention was not s1gn1f1cant guring 1973,

pution and Abundance

rib
Jistribution of spawners can be based on the number of redds observed in
zach of the two river sections. Howaver, data must be obtained reﬂard1ng numbar
of #isp per redd and occarrencg of false redds before the number of redds can be
uged to accurately determ1ne the number of fish in the escapement. The Sauk to
da saction, whicn is 10.8 miles in length, had a total of 1,860 réﬁd§§ or
redds per mile. Between the Cascade and Gorge‘pqwarhouse there was 2 total
of 2,835 redds in 16.2 miles of river, or 162.7 redds per mile.. In théfé7.0
milas of index aresa there were 166.5 rgdds per mile. Chinook spawning was thus
fairly uniform between the two river sections. '__ o

Redd counts in the 27-mile index areas were taken in Tive sections”ﬁurﬁng
surveys on October 1 and 18. The total count of 2,072 redds on October 1 was
Tower than the peak count made on September 20 (2,520), but enough redds ware
present to determine distribution in the five sections. On October 1, the number
of redds per mile varied from 129.4 for the Diobsud Creek to Bacon Creek section
section to 30.8 for the ‘Bacon Creek to County Line section (Table 11). The Tow
count for the Bacon Creek to County Line section is largely due to a gorge within
the section that is unsuitable. for spawning. Only 727 redds were observed on
October 18, . '

Surveys in the Sauk River during 1973 showed that were 1,512 chinook. redds
in the 8.0 miles between the Suiattle and Darrington, or 189.0 redds per mile.
Spawning density was somewhat higher in the Sauk River than in the Skagit River.

Impact of hatchery fall chinook ,
Skagit Hatchery faill chinook egg-take records (Table 12) for 1973 were
examined to estimate the timing of redd construction for hatchery,fa11 chinook.

To determine when hatchery fall chinook redds would have been visib}e, 5 days
were subtractad from the first date eggs. were taken. It was estimated that the
first hatchery fall chinook redds would have Leen constructed on September 7. and
the last redds constructed on QOctcher 25. Dgsea on aerial redd counts, the first
redds constructad in the Sauk to £orge szciion viauid have been an August 16 and




the last on October'lz Hatchery fall ch1nook spawn1ng co1nc1des with the last-_.
'segment of the bimodal curve (Figure 13). ' '

A Tagging study

The number of chinook tagged at Hamilton (204) and the small number of .
recoveries (12) can only be used to show timing of wild and hatchery ch1nook
stocks as they pass through this section of the Skagit (Table 13). A tota1 of
120 chinook was tagged between August 20 and September 7, and four tags (3.3%)
were recovered, all from the main river. Between September 10 and 13, a total of
84 chinook was tagged and 8 (9.5%) were recovered, five at Skagit Hatchery,
one in Bacon Creek, one in Day Creek Slough, and one from the Baker River trap.
It appeérs that hatchery and wild chinook are mixed as they pass through the
lower Skagit. ' '

Escapement enumeration :

Foot surveys of spring ch1nook spawn1ng grounds have been made annuaIly
since 1959. Counts of live and dead chinook are made on four Suiattle River
tributaries: Big, Buck, Tenas, and Sulphur Creeks (Table 14). In addition,
the 7.8-mile section of the Sauk River between the forks and the mouth of the
Whitechuck River is surveyed by boat and by foot (Table 15). Each index stream
is surveyed severa1 times annually to obtain a count at or near peak of spawning.
Surveys of Suiattle River index streams beg1n as early as the last week of July
and continue into early September. Spawning in the upper Sauk River jndex area
is.later and surveys begin in late August. Two or three surveys are usually made
by late September. Peak fish-per-mile counts . from index streams are used to
determine annual escapement»]e?e]s. Counts from 1959 to 1972 show that spring
qhinook escapement have fluctuated, with the gredtest fluctuation occurring in the
upper Sauk River. Counts in Suiattle River tributaries have been relatively

consistent.

Aerial redd counts have been made since 1952 to determine annual Skagit
River summer chinook escapement levels, Counts have been made by fixed-wing
aircraft in a 27-mile section between the Gorge powerhouse and the mouth of the
Sauk River. Surveys are made near mid-day when light conditions are optimum and
visibility is gqod. Observers count redds as the airplane flies along the river
at a slow rate of speed (70 mph). When the redd density is low, redds may be
counted individually. When densities are high, however, the number of redds must




. 'be estimated. Even during years of ‘Tow redd counts, estihates have-to ‘be made in
the more heavily utilized spawning areas. Because all obSérvérs coun’ ;‘}A '
same manner, the errors in redd counts resulting from estimating shou]dgbe con-

siztent from year to year, The number of fish per mile is determ1ned for each :
survay by multiplying the total redd count. for the 27-mile index area by a factor”
of 5 and then dividing by 27. Escarement levels are shown by a comparison of :
annual fish-per-mile counts. , o ’

Frém 1952 to 1972 the annual Skagit River index area fish-per—mi]é counts

have ranged from 97 to 628 and averaged 253 Chinook spawniﬁg ascapement, ax-

ressed as fish per mile, have been examined for use in predicting adulb returns.
Hnwever, no correlation vas found between peak fish per mile counts in the index
area and total adult returns 4 years later (Figure 14). Increased -knowledge of the
timing, distribution, and abundance of Skagit River chinook stocks iéwéssentia1
for good harvest management.

Aerial redd counts on the Skagit and Sauk Rivers showed that fixed-wing air-
craft counts were subétantial]y Tower than counts made by helicopter. The ability
of a helicopter to f]y at a slower rate of speed and to hover and the better
visibility from the helicopter resulted in higher, more accurate redd counts.
Because helicopter charters cost 7 to 8 times that of fixed-wing aircraft (two
place), surveys during the early and late spawning periods (when redd densities
are low) can be made by fixed-wing. However, during the period of peak redd
abundance, surveys should be made by he}icopter.

The method used to determine the total number of redds within a given river
section can be refined by more accurately determining redd life, which will
also more accurately determihe timing. Furthermore, determining the frequency
of false redds and redd life wiTT make it possible to convert redd counts to num- -
bers of fish. Redd counts for 1973 showed that peak spawning in the Sauk to
Cascade section of the Skagit River was about 1 week earlier than the Cascade to
Gorge section for both the late and early spawning seqgments., The beginhing
and end of spawning can be further defined by aerial surveys in late August
and late October which will result in a more accurate estimate of total redds.
Time of spawning in the Sauk River coincided with Skagit River timing 7or the
early run segment; the late segment was of minor importance in the Sauk River,
‘Sacause of poor visibility, redd counts were not obtained from the Sauk River
helow the Suiattle River and the Skauit River telow the Sauk River, 'ChinGCK




-spawning occurs in these river sections, but the timing and abundance of ch1nook
‘cannot be determined for the 1973 brood year. o

Results of. female chinook egg retention samp11ng showed 97 D% retalned 1ess
than 99 eggs. Egg retention was not considered s1gn1f1cant during 1973.

Chinook spawning density, based on the number of redds per mile, was about
equal between the two sections of the Skagit River above the Sauk River. W1th1n
the Cascade to Gorge section, the number of redds per mile varied for each of four
sections. Redd counts were highest in the two sections between the Cascade River
and Bacon Creek. The lowest redd count was in the Bacon Creek to County'Liﬂé
'section, which included a gorge area not suitable for spawning. Chinook. spawned
in all suitable areas above the Sauk River during 1975, though redd density varied
between individual spawning areas. '

‘ Time of spawning of hatchery fa11 chinook coincided with spawning of the '
late segment of wild chinook. There appears to be a patential for mixing of spawn-
ers from these stocks; the Tow rate ofvreturns to the hatchery suggests the number
-of hatchery fall chinook spawning naturally in the Skagit River would be small in
comparison to wild stocks. Naturally spawning hatchery chinook would be expected
to spawn in the Marblemount area of the Skagit River and the lower Cascade R1ver.
Spawning ground surveys in’ 1974 should include river sections ‘that would show
distribution and abundance of the late segment of the”ruﬁ in these areas.

The small number of chinook tagged (20) and Tow number of recoveries (12)
preclude all but the general conclusion that hatchery and wild stocks are mixed as
they pass the Hamilton area during late August and early September.

JUVENILE STUDIES
Methods and Materials

Juvenile chinook sampling began on March 4 and continued until May 22 in the
Skagit, Sauk, and Suiattle Rivers. During the 81-day period, a total of 21 days
was spent collecting juvenile chinook from RM O to 87.5 on the Skagit, RM 0 to 32
on the Sauk, and at RM 8.0 on the Suiattle (Figure 2).

‘Samples were collected with.a 100- x 6-ft beach seine (1/4-inch mesh) which
was set by a 16-ft Valco river boat powered by a 70-hp jet-pqu outboard engine.
Also used was a backpack, battery-powered, Smith-Root Mark V electrofishing unit.
During March, samples were collected primarily with the electrofishing unit
because juvenile chinook are found in locations not suitable for seining during
this period. '
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-Cébtured fish weré'anESthetiied_With,MS-ZZZ, measured to.the'neanegt’mi1li-
meter, and allowed to recover prior to release. Mean lengths were.computed for eacy |}’
" sample.to estimate size and growth. Semples were also grouped and averaged on a '

weekly basis to determine growth rate.

Chinook fry were counted, weighed, and measured to determine fry.condition
in-the upper Skagit River (County Line), Skagit River near Hamilton, Sauk River
- belew Clear Creek, Sauk River below the Suiattle River, and from the Suiattle
River. Samples were collected on March 27, April 18, and May 20 from these loca-
tions, and each was put on ice and taken to the lab for length and weight measure-
ments. Fry were separted into 5-mm size groups for condition factor analysis, and
aach group weighed to the nearest 0.10 of a gram on an Ohaus model 700 triple beam
hd]&ﬂtﬁu Excess moisture was removed from the surface of the fry,beforeiweighing.
-Condition factors for each group were cdatermined by applying the fo]]ow{ng formula:

Fu 3

cF = XX 100 :3]05 i
wnere
‘ CF = condition factor
W = mean weight of size group in grams
L = mean Tength of size group in millimeters.

; Results ™ - .

' The results of the 3-month sampling program are summarized in Tables 1618}

showing dates sampled, location, weék]y groupings, days between weekly groupings,
and mean length per weekly grouping. Table 19 shows the mean lengths by weekly
groupings for spawning and non-spawning areas. Chinock mean lengths for weekly
groupings .-for spawning and non-spawning areas are shown in Figure 15, and Figure
16 illustrates a growth curve,

‘ Condition factors for chinook are shown in Table 20. The condition factors
for each sampling site and individual size groups were compared statistically
by ana]ysig of variance, random block design. Results of analysis of variance
are shown in Table Z21. '

Discussion
. Juvenile chinook length data show that chincok fry were emerging throughout
the March 4 to May 22 sampling pericd. The continual recruitment of . newly amergad

" fry and migration of fry of all sizes intc the lower river make evaluation of




i

growth raté"d1ff1Cﬁ1tQ The groWﬁh turve shown'by'Figure 15 1nd1ca£es a s?oW"‘*

_ 'growth rate and a trend towards movement of 1arger fry into the lower river,

" Within the non-spawning area of the lower river, chinook reached the 50-m minimum

length for micro-tagg1ng about May 10, whereas in non-spawn1ng areas, mean 1ength

was less than 46 mm on May 20. _ ‘
Electrofishing gear was most successful for collecting fry in the upper Skagit,

Sauk; and Suiattle Rivers. The number of fish caught per day and the small size

precluded tagging. Seining was relative1y unsuccessful in the upper river, the

fry inhabiting protected areas not suitable for seining. The river section below b

Hamilton offers many ideal seining sites, and catches were substantially higher in

this area. Catches in the North and South Forks were good.'but seining was dif-

ficult because of limited seine sites, reduced fishing time caused by tidal fluctu-

ation, and problems associated with seining over a sandy river bottom. : | "
A portable microtagging station had been set up prior to sampling for tagging i

at various locations on the Skagit, Séuk, and Sujattle Rivers. Though large num- 1

bers of fish were caught, the number of fish over 50 mm in 1ength was insufficient

to justify tagging. Microtagging head molds for chinook less than 50 mm wi]l have

to be developed before a successful tagging program can be conducted. Thi§ study

shows that when equipment is developed so smaller fish can be tagged, the most

suitable river section for fish collection is the lower Skagit below Hamilton. é
Condition factor analysis of variance for chinook fry collected at five sites i

on the Skagit, Sauk; and Suiattle Rivers showed the foTlowfng: | L

1. CF differs between size groups and classes.
2. There is no significant difference in CF based on sampling locations.

3. It appears that time and location interaction, with the May sample
included, contribute to significant differences in CF values. This
s Tikely a result of growth and environmental conditions.
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Tébig»s. .Compar1son of redd counts by he11copter and f1xed~w1ng surveys
' - of the Skag1t R1ver -and- Sauk River—index—areas, 1973. ..

i e e i

. R Redd Count | T ,He11copter/
Arsa Date : vHe]icopter vaed-w1ng fixed-wing
|Skagit River Sept. 5 | 523 965 , 0.54
Sept. 18 1,732 - 2,290 - 0.78
| ) Sept. 28 - 1,572 2,380 0.66
jiotai ' . 3,877 5,635 0.69
[Sauk River Sept. 5 7904/ 325 0.41

~/20La count for this day was estimated by,interpqlating from counts
gn September 1 and 8.

Table 6 . Skagit and Sauk River redd counts by ne];copter, 1973.

Sept. 1 | sept. 8 [oept. 20 | Oct. | Oct. 18 3

) No. of - | No. of No. of |. No. of | No. of 'i

Section | redds redds redds redds redds ,j

Iskagit River , . ‘ |

Sauk to Cascade 223 522 916 997 343 |

Cascade to Gorge 416 713 | 1,604 | 1,075 385 |

Total ‘ 539 To35 | 2,500 | 2,072 FE |

Sauk River '

Suiattle to Darr1ngton 545 973 NS 380 17




‘Estimated daily ’hux‘nbrm of r.‘(’_'d_‘:!S visible and redds::
- _constructed in the Skagit River (Sauk to Cascade) -
. in 1971 based on helicopter surveys. i

Hoe CumuTatave I -
o S | redds total New
RS B Date visible redds redds

August 15 ' 0 ' 0 0

S : 16 12 12 12

VA 17 25 25 13

L 18 35 35 ) 10

. 19 .45 45 10

N— 20 55 55 10

B ’ 21 65 ‘65 . 10

o ' 22 80 80 15

C ) 23 90 90 ' 10

24 100 100 10
» 25 115 115 15
26 - 130 130 15
27 145" 145 15
28 155 155 10
29 170 170 15

- 30 185 185 _ 15

. - 31 205 ’ 205 15

; September 1 - .225 - 225 20

. ' 2 250 250 25
3 280 280 30
4 320 320 40
5 365 365 45
‘6 . 395 407 42
-7 440 465 58
8 520 555 90
9 575 ' 620 65
10 635 690 - 70
11 680 745 55
12 720 800 55 4
13 760 850 50 |-, B
. 14 800 900 50 ¥
15 835 950 50
16, 880 : 1,010 60
17 900 1,045 35
18 920 1,075 30
19 940 - 1,110 35
20 - 955 . 1,140 30
21 970 |, 1,175 35
22 980 1,205 30
23 990 1,240 35
24 995 1,275 35
25 1,000 1,320 45
26. 1,005 1,370 50
. 27 1,005 1,412 42
_ 28 1,005 1,470 58
29 1,005 1,560 90
30 1,005 1,625 65
Oct. 1 1,000 1,690 65
2 3930 1,725 35
3 965 1,765 40
4 945 1,795 30
5 905 1,805 10
6 570 1,820 15
7 €30 1,840 - 45
¢ 790 1,635
9 750 1,825
10 710 - - 1,820




bl‘e:vand redds -

lﬁéb‘]e'&’ Est1mated daﬂy number of redds vi

_ constructed in .the Skag1t River (Ciscade to Gorge
" --powerhouse) "in - .»based oan heﬁcgpter survays. :
L e [ HOL ... ( rumulatwe ' !
L redds’ total i No.
visible . - = redds- j redds
0 0. i)
20 ‘ 20 .20
50:% g 500 : 30
75 75 25
95, .. 95 20
120 120 25
150 - 150 30
1705 ) 170 . 20
195« 195 25
220 - 220 35
245 - 245 ' 25
270, 270 25
~295: 295 2
320 320 25
340 240 : 20
35 385 25
! 390" 330 25
beptember 1 415 415 25
; 2. 460 o 460 - 45
! © 3 500 . 500 - 40
4 540 . 540. 40
5 580 7 . 580 40
6 620 620 " 40
7 670 690 70
8 715 766 75
! 9 800 , 275 110
' 10 870 ' ' 965 90
; 11 950 : 1,070 , 105
i 12 1,035 ' 1,185 15
| 13 1,135 1,306 . 120
i 14 1,245 1,440 135
15 1,350 1,570 : 130
i 16 1,420 1,665 95

i 17 1,490 1,760 95
! 18 1,540 1,835 75
{ 19 1,580 1,900 65
! 20 1,605 © 1,945 a5
i 21 1,605 1,970 25
22 1,600 1,990 20
23 1,590 2,005 15
i 24 1,580 2,040 , 35
i 25 - 1,540 2,040 0
: 26 1,500 2,040 0
27 1,440 ' 2,020 0
28 1,360 1,580 0
29 1,280 1,970 0
- 30 1,185 1,950 0
October 1 1,075 ° 1,550 0
2 1,015 1,480 20
3 945 2,013 i 35
4 235 i Z,C'"') = 55
5 #40 AT oS
6 - 795 . | 2,:3, ‘ ; 20
i 7 750 R .
: g : 705 AT 8,370 : 50
) | 670 io2,430 i
in £40 . : I,475 i i3

1 805 1. 2,505 Poow
I 590 .. - 2,535 i 0
12 ; 555 ! 2,525 ; a

ke




i

Tablé 10. Summary of 1973 Skag1t R1ver ch1nook egg retention

observations.
Humber of retainad eqgs. | Numbar of Temales Percentage
0-24 | 150 89.3
25-99 13 7.7
100-499 3 1.8
500-999 2 1.2
1,000 + 0 0.0
Total sampled - 163 "100.0




Table H Counts of chinook redds from f1ve sections between the Sauk and
. Gorge powerhouse. S - L : o :
o i T 'n0c't'ober T October T
R R A PN | Redds Redds
' g Miles: |: No. of | per No. of per
- Section ' surveyed “redds | mﬂe » redds m.ﬂei
Sauk: to-Cascade - 10 8- 997 | 92.3 343 | 3184 -
Cascade to Diobsud 3.2 357 | 111.6 131 | 4. 9'
Diobsud to Bacon 1.7 220 | 129.4 102 60. O
Bacon to County Line 7.1 219 | 30.8 101 ‘14 2
County Line to Newhalem 4.2 279 | 66.4 51| 12. 4
Total 27,0 2,072 76,7 728 27.0
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Table 15, Skagit! and sauk? River

.. i .. peak €éhinook .counts,
T 1952-1972, "

totall = ¢

NS .pfvwf:;f;." )

_ Sauk
o ‘ ‘No. ‘of
Year fish/mile - redds|
1952 - 289 Ns/|
1953 350 NS
1954 186 NS
1955 181 NS
1956 | 201 113
1957 167 35
1958 ° 312 129
1959 313 NS
oo - 628 322
1961 402 186
1962 208 ”
1963 | 173 202
1964 ©158- 0
1965 - 272 119
1966 242 . 241
1967 o 124 NS
1968 © 260 113
%69 | 97 257
1970 _ 251 491
1971 - 203 266
1972 270 439

v Sauk to Gorge powerhouse.
2/ Suiattle to Darrington.
3/ Not surveyed.




Vfaﬁlej]&.' 9] gjt~juvéﬁ11¢»chin gh;ffeQuéngy dgta.

AVérage T ’{
» S ; i length | 'Range
. Location . - I R P fmm) ! (mm% ‘
i . R T
Skagit.River =y = .- T o
© Marblemount i ; e Foo41,21 0 .38-46
Narhelmount .. i S 4120 | 38-47
farslemount ¢ : - 40.81 } 39-43
Aockpert i 40,63 ' - 38-44
Rockport - ' 41,36 - 39-46
Pockport 41,71 . 40-46
Sutter Creek 40,98 39.44
Sutter Creek 40.30 % 37-46
. County Line : 40.61 ; 36-44
/ Hamiiton ; 42,03 | 35-47
. ) | ‘
Sauk River - ‘g b
Ciear Creek | March 28 - 66 40.33 " 36-49
Below Suiattle March 28 104 44,57 i 338-32
suiatele River. . © | March 28 | .63, 39.58 | 36-49
Skagit River . L . ' i
i Scutn Fork ) April 5 - B4 42,35 | 39-48
ITlabot Slough "¢ April 8 10 42.30 40-45
V -Sedro Woolley April 8 32 44,28 . | 36-50
‘Sauk River’ o ! - ; 4
v flaar mouth April & -0 43,50 39-48
: Below Suiattle April 16 )] . 41.86 36-52 ;
¢ miles below Suiattle April 16 14 41.35 37-45 e
1 mile below Suiattle April 15 30 42.56 39-49 %
. Skagit River ' 4 ' .
¥ . Hamiiton . CApril 13 az 42.21 39-46 - ‘
. i ) /7
Sauk River .l(>' .
Whitechuck April 22- ! 53 i 40,35 37-47
Clear Creek . April 22 149 § 41,55 * 36-49
Skait River f ; i
! Bacon Creek Apiril 23 117 42,22 1 38-50
iSuiattle River April 23 | 158 az.10 i 36-55
. i
'Skagit River . 3
South Fork April 26 29 47,27 ;  39-48
Mt. vernon April 25 38 43,94 | 37-47
Y — Lyman ' April 29 547 1 42,40 @ 39-49
Sedro Hoolley C+ Aprilt 29 117 Pa3iea ! 39-49
i North Fork May 3 117 47,53 | 29-8%
I "North Fork May 6 i 2 46,21 ¢ 40-63
" South Fork i May 6 19 §4,10 , 20-49
Bacon Creek i May 9 {55 44,30 | 39-52 i
Marblemount %_ May 9 ;83 i 43,09 | 36-52 i
Lyman { May 9 i78 | 43,17 | 38-53
: o ) ! :
Swinomish Channel oy e a2 D 9.9 ) 3
“kagit “iver i ; : i
Sedro Woolley I May 13 Y Z5.68 o 40-55 |
Burlington | May 13 ;a0 oalas sl |
Mt Yernon PoMay 15 : 75 47,522 33-54
itortn Fork i Hay 13 ; a4 e 3 ; 1475
Sedro Hoolley [ May &5 A CodLEd 0 16-53
! ‘ i : i
Luiattle River . May 00 293 ¢ o4f.ed | 3760
' ) : i ;
ik Myver : 3 ! i
celow Lulattie VoMay 21 5 i v, 17 1 AG-58
: ! L | !
- Skatlt, Rivoer : ! : i ;
Cacon Urask ©oMay o4 P i -2
: ! : a_yiy

th Foek ool . oAy Ao e g
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Table 18, 1974 Skag1t juvenile chmook mean 1engths,
spawning and non-spawning areas.
Sampling ) | x_Length
date vpawmng vreas 7 {lon-spawning areas I
3/4 40.93 | - j
3/11 41.36 . - '
| 3/18 40,74 - R
327,28 | 4178 - aE
4/5, 8 o 43,74 42,35
4/16 . 41,99 3 - |
4/22,23,26 C 41,70 I 43,21 ,
4/29, 5/3 - 42.69 ’ 46.75 2
5/6, 9 | 43.42 | 16.75




' Table 19A.

TR RNt Sl i T

1973 Skag1t R1ver Juven11e salmon catch data. }]'

1éctro f1shing data

~ oo oNumber of Fish ‘
Chinook .- Coho | I
Location _ ~Date 0 ~1.1°s 1 0's | 1's ~Chum _Pink
Skagit River |7 B | |
Marblemount = "3/4 43 0 0 | .o 0 0
Rockport 3/4 35 -0 0 0 0 0
Sutter Creek 3/4 10 0 "0 0 0 21
Marblemount 3/11 211 0 0 0 0 1
Sutter-Creek 3/11 94 0 0 -0 0 0
Rockport 3/11 39 0 0 0 .0 0
Marblemount 3/18 23 0. 1 -0 0 1
Sutter Creek: 3/18 112 0" 2. 0 0 0
Rockport 3/18 33 0 0 0. 0 5
County Line 3/27 64 0 0 0 0 -0
- Hamilton 3/27 78 0 0 -0 -0 ~= 0.
Clear Creek 3/28 66 0 0 % .0
| suiattle River 3/28 63 | 0 0 0 o | %o
sauk River . . |
Below Suiattle - 3/28 104 0 0 0 0 -0
Skagit River. o . o
"~ Hamilton 4/18 115 0 0 0 13 2
Sauk River - T
Whitechuck 4/22 54 0 0 0 0 0
Clear Creek 4/22 149 0 0 0 0 0
Suiattle River 4/23 163 0 5 2 0. 0
Skagit River '
County Line 4/23 117 0 -0 0 0 5
South Fork- 4/26 29 0 0 0 5 5
Mt. Vernon . 4/26 38 0 2 1 13 2
Bacon Creek. 5/9 55 0 3 0 4 0
Marblemount" 5/9 83 1 -6 0 3 0
Rockport 5/9 78 0 3 0 13 0
Total 1,856 1 - 22 3 51 22




© Table 198,

i

l97o Skag1t R1ver Juvenlle salmon catch data. |

.W,Se1ne data e ;u,w”

| ‘ Catch '

i ‘ _ No; of Chinook’ . JJMﬁﬂCbkv | i

[ Location Date sets 0 1 0 1 Chum ‘|- Pink
i skagit River g : =

| South Fork | 4/8 | 1. 64 | 0 | .0 0o | 46-:y 8
} ¥t. Yernon 4/5 "1 23 0 0 0 3 - 0
i ~Sedro 1oolley i.4/8 2 32-7 0 {0 1 4. 0
| Rockport . | 4/8 2 10 | ‘0 0 0 e 4
s Marbiemount. 1. 4/8 1 -~ 0 0 . 0 0 0. 0
! ‘

| Sauk River 4/8 2 10| o ! ol 10 17 o
i Skagit River : o § S .
i ~Concrete .4/8 3 3-] 0 |0 0 ¢+ 1 0
. —Lyman 4/8 2 3-1 0 0 6 1 .0
; North Fork 4/15 1 2.1 0 0 0 6 - 1
| Sauk River 4716 | 10 114 © 0 | 0 | 23 8 2
i Skagit River ; i

; } !

| . Lyman 4/29 1 2 71 0 i 0 0 3 4 2
. North Fork 5/3 5 140 | 0 i 0 . 0 31 3
{ North Fork 5/6 4 111 310 2 1 1
| South Fork 5/6 2 21 {10 | 0 , 107 | 53 0
| Rockport 5/7 6 3 1 0 ;7 4 4 0
| ~Sedro Woolley | 5/13 2 2000 10 0| 1|2 | 0
| “Burlington 5/13 2 310 a 0| 6 | 0
. Mt. Vernon 5/13 2 27 0| o0 ! 0 65 | 0
t  North Fork 5/13 2 49 + 1 | O o, 2+ 0
\" South Fork 5/22 1 1 266 - 6 1 0 ! 24 . 33 : 0
. North Fork 5/22 1 3 5 30 0 ' 4 1 | 0
| Total 53 1,103 | 24 | 11 | 219 | 33 | 20
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