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METHODS

Total catch of chinook salmon was estimated by creel census
using techniques similar to those used by the Washington
Devartment of Game (WDG 1378) in their armual steelhead catch
estimates. Its privcipal features are angler interviews to
estimate catch per effort and counts of anglers and boats to
estimate total effort. The total catch -was estimated by
multiplying the catch per effort by the total estimated effort.
The total effort was estimated by multiplying the averanpe
instantarnecus effort by the nrumber of hours avajlable for
fishing. The average instantaneous effort was estimated from
daily counts of anglers or boats in selegted index. areas,
expanded by a formula toc estimate total effort. "The expansion
factor was based on the relation between total effort, as
determined by aerial counts made several times over the season,
and index effort, cbtained by simultanecus counts on the ground
using +the regular daily procedure. The hours available for
fishing were estimated by determining how many days in the season
the river was low encugh for fishing, and multiplying by the
number of daylinght hours per day. The catch was divided into
adults ard Jacks based on scale analysis.

Fisld Procedure

Catch per effort data was cbtaived by visiting the various
fishing areas and’ asking anolers (1) whether or not they had used
a boat to reach their fishing area, (2) whether they had
completed their fishing trip for the day, (32) how many hours they
had beew fishing that day, and (4) how marny chincok they had
caught. Interviews were conducted on each weekend day and on
about 68 percent of the weekdays, chosen at randaom. Virtually
all chinook were measured and scales were taken.

Index effort counts were cbtained by visiting a set number of
major  fishing sites accessible with a two-wheel drive wvehicle
twice each oreel census day at randomly chosen hours. Harrk
anglers and boat trailers were counted within a standardized area
each wvisit. Total effort counts were made with a helicopter on
nine occasions over the seasorn on the Hoh and eipht occcasions on
the QCGueets. Durirng these flights, all bank anglers and all
fishing boats were counted, while at the same time an index
count was being made on the ground.

Stratification

Catch was estimated separately by month, day of week (weekdays or

weekends, with weekends including Federal holidays), and fishery
type (bank or boat). Boat anpglers were defined as those who used
a boat or raft to reach their fishing spots, and bank anglers




were those who did rnot.

Whern one month's data were not considered sufficient, months were
combined, but only if the fisbing regulations were the same for

both months. Sufficiency of angler hours per stratum was
established based on the theory that variability of catch per
et fort decreases with increasing numbers of angler houwrs

interviewed. The desired mirnimum levels of effort per stratum
were set at 10@ angler hours for the Hoh barmk fishery, 35@ argler
hours for the Hoh boat fishery, 3@ angler hours for the Queests
bark fishery, and 182 hours for the Queets boat fishery. These
levels were set by plotting catch per effort apainst arigler hours
for each statistical week over the seasaon, and visually
determining the level of effort at which the range of cbserved
values of catch per effort noticeably decreased in relaticn to
lower levels of effort.

Eatech per Unit Effort

s

Catch per effort for a given stratum was calceulated as the total
chirnook catch reported, divided by the total argler hours.
We gererally used only the data for fishing trips that had been
completed, as gpposed to trips still in propress. We preferred
data from completed trips . because the inclusicon of iricomplete
trips could have underestimated the actual catch per effort.
This preference was based on cur observations that in this study
and in the case af our Hoh winter steelhead creel census, catech
per effort from incomblete trips was usually less tharn catch ‘ney
effort from completed trips. Moreover the catch orn the present
study may not have been distributed randomly caver the fishirng
trip, but rather concentrated toward the erd of the trip. Such
was the case in the Hoh 1984-85 winter steelhead fishery, wher
about 2@% of the fish were caught in the last 1@% of the fishing
trip. This may alsc be expected to cccur inm the chinook fishery,

although ro data was collected to verify this. To the deoree
that the distribution of catch cver time spent fishing was skewed
toward the end of the fishing trip, a random sample of the

irncomplete trips would urnderestimate the true catch per effort.

Despite this potential bias, combination of complete and
incomplete trip data was riecessary ir a few strata where there
were not enough angler hours reported from completed trips alone
to get an adequate estimate of catch per effort. These instances
are rnoted for the Hoh in Apperdix I Table 2 arnd for the QRueets
iv Apperdix II Table &=.

Hngler Effort

The total fishing effort, ivi angler hours for each stratum, was
calculated as the mearn expanded instantaneocus effort, in anglers,
times the total hours in the stratum available for fishing. Mear:




expanded instantanecus effort was computed over the wnumber of
days selected for creel census and fishable by bank or by boat,

respectively. The number of such days per stratum is shown for
the Hoh in Appendix I Table 2 and for the Queets in Appendix II
Table 2. Determination of fishable days is explained below in a

separate section.

Exparngion of daily instantaneocus index effort was based on the
relation betweern simultanecous index counts made by car from the
bank and total counts made from a helicopter. The expansion
factor in the bocat fishery also included the ratio of arglers per
boat, as estimated from angler interviews. EBecausge of the
limited wumber of data points, one index expansion formula was
applied throughout the entire season. - . .

To expand the index effort we applied a linear model to the Hoh
bank fishery and the Queets bank and boat fisheries. We applied
a log-log transformation to the data from the Hoh boat fishery.
Appendi x I Table 3 and Appendix II Table 3 show the details of
this method for the Hoh and Queets, respectively. The linear
models were chosenm because either (1) they gave a higher
coefficient of correlation than log or sguare root transformation
of one or both variables; or (2) the range of index effort over
the seasor; was much greater thar the range of index effort during
helicopter flights. This second condition was based on our
experience that a straight line is wusually the best-fitting
model, and that a nor—linear model is more likely thar a linear
model to lead to serious bias if extrapclated far beyond the data
points upon which‘it is deriwved.
'

We considered the line to pass through the origin for the three
linear models, because either (1) the probability of the line
not passing through the origirn was statistically irnsignificart at
the 5% level, or else (2) the y~intercept was so close to zero as
to appear insignificant for the purpose of index expansion {for
example, if the line suggested -@.2& total anglers where there
were @ i1ndex anglers). We calculated the slope as the sum of
total effort divided by the sum of index area effort (that is,
(total bank arnglers)/(irdex bank anglers) or{total boats)/(index
boat trailers)). We did rot perform this test on the non-linear
madel because the interpretation of a line passing through the
origin was not intuitively clear in that case.

Determination of Fishable Days

The hours available for fishing were calculated as the hours per
day of daylight multiplied by the number of fishable days in the
stratum. Hours per day of daylight were calculated as the
average of day lengths listed in anglers' tide tables for each
month or combination of months.

Fishable days were considered thcose when the river was low encungh
for fishing. We considered this level to be represented by a




stage of less than 6.2 feet for the Hoh bank fishery, 5.1 feet
for the Hoh boat fishery, 12.1 feet for the Queets bank fishery,
and 9.6 feet for the OQueets boat fishery. These levels were
calculated as the averape between the highest stage at which the
river was fished arnd the next higher stage at which no index
effort had been observed over the seasor. Stage was taken as
either the mean of the page heights taken at the start of the
index counts, or, for days when no creel cernsus was conducted, as
the height recorded by the USGS for 12:@@ noon that day. Nearly
all unfishable days occurred in October or November. Data for
these months appear in Appendix I Table 4 For the Hoh and
Appendix II Table 4 for the Queets. -

Scale Aralysis

Scales and fork lengths were cbtained from virtually all chinocok

inspected during arngler interviews. For the purpose of catch
estimates, all two-year—olds were classified as jacks and all
older fish were considered adults. Data orn ape Ccompositiaon

appear in Appendix I Table 5 for the Hoh and Apperdix II Table 5
for the Queets.

RESULTS

Hoh

¢

A total of 45@ chinocok were caught between May 25 and November
3@, 1984 irn the Hoh River system (Table 1). Of these, 279 were
adults and 171 were jacks. Most of the adults were caupht
between May and July and later in October or November. In
contrast, the larpest part of the Jacks was caupght in September.
Catch for each stratum of araysis is presented in Appendix I
Tabie 1. Supporting data are presented in Aopendix I Tables &2
through G.




Table 1. Estimate of chinook sport catch on the Hoh River, 1984.

i i e il i . S . S S S G S . S —— — —— — — ——t .

Month Total catch(a? ~ Adults (b’ Jacks (b)

May-Jun e Ceo a7
July a3 &7 16
Aug 74 ' 27 ' 47
Sept ai 17 - &4

Oct-Nov 115 88 . a7 .
Total 450 279 171

W L Bl e e b e TR ———— —— —— e — ——— —— —— —— e e e e e e e

(a) Data from RAppendix I Table 1.
(b) Based on scale analysis data from Rppendix I Table S.

Queets

A total of 445 chinook were caught betweer May 25 and November
30, 1984 in the Queets River system (Table &). af these, 278
were adults and 187 were jacks. Most of the adults were caught
in October and November. In contrast, the largest part of the
Jacks was caught in  Rugust and September. Catch for each stratum
of analysis is presented in Appendix II Table 1. Supparting dﬁta
are presented in Apperdix II Tables 2 through S.

Month Total catch(a) Adults (b) Jacks (b)
May-gun 23 e 9
July 77 45 3z
Aug—Sept 157 Sa 1l@7
Oct—-Naov 188 169 18
Total 445 278 167
(2) Data from Appendix 1T Table 1. T
(b) Data based on scale aralysis from Appendix II Table S.
Determination for May-June and July is from combined age

composition from May through July.
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APPENDIX I : MOH CREEL CENSUS DATA

Appendix I Table 1. Hoh River chinook sport catch estimate, 1384.

- —— ——— rn —— -~ s — — o i o S T — ——

Month Day of Type Estimated Fishable Hours Catch per Esti-

Week Anglers Days in Day Angler mated

per Day(a) Hour (a) Catch
May—Jurn WD Bank 4,328 23 16.0@ @.0073 13
Hoat 4,24 c4 16.0 2. A=26d 4
WE Bark 9,12 iz le. @ Q. Ad77 - 13
Boat 11.73 iz 1€. @ B.2132 293
July WD Bank 8. 82 21 15.7 @.0017 5
Boat 7.65 21 15.7 @.@17% 45
WE Bank ez. 19 12 15.7 2. qags =
Boat 14.87 1@ 15.7 0.213@ i)
Aug WD Bank 8.7S 23 14, 4 2. Q2T4 12
Boat 6.10 3 14. 4 @. Q@47 3
WE Banrk 11.16& 8 14.4 @. A3z 4
Boat 19. 8@ 8 14,4 .8214 49
Sept WD Barik 2.7 19 12.6 a. e @
Boat S9.67 18 12. & 2.Q2125 1€
WE Barnk 1a. 88 11 12.6 Q. st a
Boat 16. 34 7 1Z2. 6 2. d39% =7
Oct-Nov WD Bank 1.96 31(t 12.@  @.0297 18¢
Boat 6. 30 17 (b} 1. @ Q. @477 31
WE Bank 3. 39 15(b) 12. @ 2.2138 1&
Boat 8. 43 8 1. @ B, 2527 a6
Total 453

(a) Data from Apperndix I Table 2.
(b Data from Appendix I Table 4.
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Appendix I. Table 2. Hoh River angler interview and angler count
data.
Month Day of Type Days of Repor- Repor- Fishable
Week Reported ted ted Days
Effort Catch Angler with
Hours Index
' Counts
May—Jur WD Bark 13 e £75.5) 13
Boat ) 7 269.5 12
WE  Bark 9 2 26Q. & 12
Boat 1@ a €l4.2 1z
July WD  Bank g 1 583.5 13
Boat 9 11 6l3.@ 13
WE Bank 1@ 1 1,183.@ 1@
Boat 12 17 1,312.5 1@
Aug WD Barik 13 3 558. 0 13
Boat 2 =] 423, @ 13,
WE Barik 8 2 eZg. @ 8
Bocat a8 21 983. S a8
Sept WD Bark 14 @ 14@, 5 1@
Boat =] 3 240.5 12
WE Bark 12 4 724.5 11
Beoat =) 41 1,@37.5 11
Oct—-Nov WD Bank i8 3 ig2.@(a> 18
Boat ) 16 335.5 i
WE Bark 12 3 151.5(a) 13
Boat 6 17 3.5 7

(a) Data from incomplete and complete angler trips combined, to
cbtain sufficient sample size.




Apperndix I Table 3. Expansion of Hoh River angler effort.

e e e e e T S S T —— AT At Al s e, S S T il i e e e, e e o o S e . e e e e ke ke AL S S Sl LS LA b i ey e oy et e e e e LA ke S bk ke

Bank Boat

Date Irdex Total Index Total

E~-23 S 4 8 15

7=-7 19 14 i1 S

7-17 =) [ b1 c

7-29 17 17 4 ie

8-4 14 27 i1a 13

9-1 2@ 41 4 13

12-z@ & 7 ) &

ia-2z 1 5 @ 1 :

11-17 4 o] @ 1
Correlation @.817 Q. BES
Probability LT @.2sS LT a,.25
Formula Y = 1.38 X Y = 1.1 e #% 1,132 1n (X + 1)
Anglers per boat - 2. 16
Expansion Factor 1.38 2.38 @ #% 1,15 1Irn (X + 1)

b e e e — - — v e e —— —
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November
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Day
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Hoh River fishable days,

October _
Stage

Day
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Appendix 1 Table 4.
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Hoh River sport caught

Appendix I Table 7. Scale analysis of
chinook, 1984.
Month Age(a)
e 3 4 ) &
May-Jun 3 4 1 3 &
(17.86) {(23.35) (3.9} {17.6) (35.3)
July € 7 4 a )
(19.4) (22.8) (12.9) (25.8) (19.4)
Aug 18 7 & 1 1
{(63.3) (23.3) (6.7} (3.3) (3. 3)
Sept 4 3 3 3 @2
(79.1) (1. (i@.@) (12.&) (@. )
Oct-Nov & 4 7 2} 1
(23.1) (1S.4) (26.3) (3Za.&8) {(3.8)
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RAPPENDIX II: QUEETS CREEL CENSWS DATA

Appendix II Table 1. Queets River-chinook sport catch estimate,
1984,
Month Day of Type Estimated Fishable Hours Catch per Esti-
Week Anglers Days in Day Angler mated
per Day(a) Hour {(a} Catch
May-Jun WD Bark 2.a3 25 1£. 0 2.0 2
Boat 1.37 25 16. @ @. 2315 17
WE Bank .67 iz 16. 4 2.2 . @
Boat 3.z 1z 16.@ 2. 23345 )
July WD Bank 2. 94 21 15. 7 Q. 8448 43
Boat 2. 8@ 21 13.7 @.@ @
WE Bank 4, 34 10 15.7 2.0188 13
Beocat 3.96 19 15.7 Q. @233 14
Aug-Sept WD Eank 4. 4E 4z 12.5  @.0236 £
Ecat 2.02 42 13.5 2. 62398 4
WE Bank 5. 82 13 13.5 Q.0180 27
Boat 4.68 19 13.5 @.2315 38
Oct-Nov WD Bank 2.92 " 4@¢b) 10. @ 2. 62a7 24
Boat 2.13 22 () 12.@ 9. @571 27
WE BHank 5. 90 15(b) 12.@ @. 0673 &d
Boat 6.70 8(b) 1a.@ ?.@314 413,
Total 412

(a) Data from Appendix II Table 2.
(b) Data from fAppendix 11 Table 4.
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ARppendix II Table Z. Queets River interview and angler count
data. :
Morth Day of Type Days of Repor- Repor- Fishable Instan-
Week Reported ted ted Days taneous
Effort Catch Angler with Expanded
Hours Index Arpler
Counts Count
May—Jurn WD BRank & @ i123.aa) 7 2. 83
Boat 3 =] 63.5 7 1.37
WE Bank a 7] ie6.0(a) 9 - 2. 67
Boat -7 3 283, 0 9 3. 20
July WD Banrk 8 4 88.5 1& 2. 94
Boat =3 Q@ 153. @ 1z 2. 86
WE Bark & 2 €8. 3 i@ 4.54
Boat 9 & 293. 5 12 3. 9¢&
Aug—-Sept WD Bank 13 & 251.@ 13 4, 46
Boat i@ 13 £99. 5 13, 2.3
WE Bank 12 3 21@.5 1@ 5. 82
Boat 11 1@ 433,95 1@ 4,68
Cct—Nov WD EBank 1@ 3 £93.@ 17 =. 92
Boat 4 4 7a.@(a) 9 £.13
WE Bank 9 4 8.0 13 -5. 9@
Beat S 35 331.5 7 £E.7@
(a} Data from intomplete and complete angler trips combired, to

cbtairn larger sample size.
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Rppendix I1 Table 3. Expansion of Queets River angler effort.

- — . ke e . T S —— 04— P — . S S . T L}, i {=Fi{ o PR S ——" ————

Bank Boat

Date Index Total Index Total

623 = 1 1 2

77 3 1 i 1

7-17 2 1 Q @

7-29 S 1S c =4

8-4 @ S 2 - 3 .

12-20 3 7 14 15

l1a—-2z i S 4 4 .

11-17 @ s e 1
Correlation @. 624 Q. 93533
Probability 6T ©.@S LT @.81
Formula Y = 2.86 X Y = 1.Q4 X ,
Anglers per bcocat - . 32
Expansion Factor 2. 86 2. 41
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Appendix 11 Table S.
chincok, 1984.

Scale analysis of GQueets River sport

Month Qge(ai
2 oz 4 s &
ey 7 7 2 e
(41.2) (41.2) (11.8) (@.@ (5.9
Aug-Sept 15 3 2 2 @

(68.&) (13.6) (1@2.@) (1@.@) (2. @)

Oct —Nov 4 & a8 2 @
(18.@) (15.@) (2a.@) (S5.@) (8. @)

—— —— e —-— -

Total

(a) Rll individuals were age—-@ cutmigrants.






