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| NTRCDUCT! ON

Natural runs of salnonids in the Colunbia River basin have decreased as
a result of hydroelectric-dam devel opnment, poor |and- and forest-
managenent, and over-fishing (Raymond 1979; Netboy 1980). Thi s has
necessitated increased salnon culture to assure adequate nunbers of
returning adults. Hatcheries are now the primary source of salnmon for the
Colunbia River; in the late 1970s, they annually produced about 100 million
fall chinook salmon, Oncorhynchus tshawtscha;, 21 nillion spring and sumner
chinook salnmon; 30 mllion coho salnon, 0. kisutch; and 10 nmillion
steel head, Salno gairdneri. Even with hatchery production at this level,
managenent  agencies agree that, in general, salnonid harvests have
deteriorated.

Hat chery procedures and facilities are continually being nodified to
inprove both the efficiency of production and the quality of juveniles
produced. Initial efforts to evaluate changes in hatchery procedures were
dependent upon adult contributions to the fishery and returns to the
hatchery.  Since salnonid survival depends on river, estuarine, and ocean
habitats,the variations in adult return data are difficult to evaluate and
unknown factors may overshadow the inpacts of changes in hatchery culture
techni ques-- a better system of evaluation was needed.

From 1966-1972, the National Marine Fisheries Service (NWS),
Nort hwest and Al aska Fisheries Center, Coastal Zone and Estuarine Studies
Division, developed and refined procedures for sanpling juvenile salnon and
steel head entering the Colunbia R ver estuary and ocean plume (Fig. 1).
The sanpling of hatchery fish at the termnus of their freshwater mgration
assisted in evaluating hatchery production techniques and identifying
mgrational or behavioral characteristics that influence survival to and
through the estuary.

Because of a lack of funds, no sanpling was done from 1973 through
1976. From 1977 through 1983, the Northwest Regional Council and the
Bonnevill e Power Adm nistration (BPA) funded the estuarine sanpling program
to provide assessnment of salmonid outmgrations fromwld stocks and from
mtigation hatcheries experimenting with enhanced cultural procedures. The
facilities or procedures inplemented for safe juvenile sal nonid passage at
danms and through reservoirs were also eval uated. Extensive fish marking
programs by state and federal fishery agencies provided the capability to
assess mgrational behavior and relative survival of identifiable hatchery
and w | d stocks. Fal | chinook sal non (subyearlings), particularly,
provided a consistent and thorough index because of intensive marking
prograns to assess contribution (Vreeland 1984).

The Columbia River estuary sanpling programwas unique in attenpting
to estimate survival of different stocks and define various aspects of
mgratory behavior in a large river, with flows during the spring freshet
from4 to 17 thousand cubic neters per second (nB/second). Previous
know edge of estuarine sanpling for juvenile salnonids was limted to
several small river systens and the evaluation of novenent behavi or,
residence times, and feeding behavior, e.g., Chehalis River, Herr-man 1971,
Siuslaw River, N cholas et al. 1979; Sixes Rver, Reimers 1973 and Bottom
1981; Nanaino R ver, Heal ey 1980; and Yaquina R ver, Myers 1980.



During our initial research (1966-1972), various fishing nethods
(fyke, traw, gill, and seine nets) were used at many |ocations throughout
the estuary. Procedures and sites used from1977-1980 and 1981- 1983 were
adopted fromearlier work with the extension of sanpling sites into marine
wat ers adjacent to the mouth of the Colunbia River.

The specific objectives of the overall study with juvenile sal nonids
were as follows (objectives were expanded with tine; Objectives |-4 apply
to research from 1966 through 1972, and Objectives |-10 apply to research
from 1977 through 1983):

1. Evaluate sanpling equipnent, develop procedures, and establish
suitable sanmpling sites which could provide the recovery of representative
sanpl es of juvenile salmnid mgrants fromeach fish stock passing through
the estuary.

2. Document recovery dates for all marked fish, define mgration
timng for each species, and examne the differences between identifiable

races and stocks in relation to biological, cultural, and mgrationa
vari abl es.

3. Document novenent rates between release and sanpling sites and
evaluate effects from environmental and biol ogical variables.

4. Exami ne diel novenent patterns at Jones Beach

5. Evaluate consistency of recovery percentages and deternine the
effects of river flow

6. Provide capture percentages of narked groups to estimate relative
survival of juvenile mgrants in relation to

a. Fish production at mtigation hatcheries.

b. Juvenile bypass systems at dans.

c. Transportation prograrns.

d. Fish size, release site, and date.

e. Survival to adulthood.

f. River flows and electrical power production.

7. Conpare recovery data of marked wild fish to recovery data of
hat chery st ocks.

8. Exam ne stomach contents of tagged salnmonids to determne the
extent of inter- and intra-specific conmpetition for food throughout the
1979- 1983 nmigration period and relate stomach fullness to variables which
may have affected feeding habits. Conpare observed feeding rates to those
of fish from other areas.



9. Provide sanmples and make biol ogi cal observations to assist other
investigators working on related research projects. (Appendix A)

10. Document catches of non-sal monids coll ected during sanpling.



GENERAL STUDY AREA

For the purposes of this study, the Colunbia River estuary is defined as
75 km of the lower river between the narrows at Jones Beach to the ends of the
jetties at the river nouth (Fig. 1). The estuary is approximtely 2 km w de
at the mouth and nearly 15 km wide at its broadest expanse near the mddle.
For the nost part, it is a shallow (<5 min depth) system of shifting sand
bars, extensive nud flats, and nunerous islands. A ship channel is maintained
at a depth of 14 m by periodic dredging by the U S. Arny Corps of Engineers.
Tides normally reverse river flow as far as 115 km upstream (to Rai nier,
Oregon), but the seawater intru ion is generally limted to about 38 km
upstream from the river mout hi/ By this definition, the Colunbia River
estuary consists of an upper freshwater and a |ower brackish water conponent.

Marine waters sanpl ed were near-shore areas’ fromthe surfline (4 m deep)
to 24 km offshore (125 m deep) north and south of the Colunbia River nouth.
Surface water salinity varied from17 to 27 % oo.

The sanpling sites varied during the various tinme periods of the study.
During the initial stages of the estuarine study ( 1966-1977)) 33 sanpling
sites were evaluated for providing representative catches of nost sal nmonid
stocks migrating into the estuary (Fig. 2). During 1978-1980, there were two
primary sampling sites: (1) the upper extrene of the estuary at Jones Beach,
River Kilometer (RKn) 75 and (2) near the lower margin of the estuary, in
bracki sh water, at McGowan, WA (RKm 16). Additional sites throughout the
estuary, river nouth, and in the Colunbia River coastal near-shore plume were
sampled in ternittently to provide additional information about novement
through the es tuary . From 1981 to 1983, only the Jones Beach site was
sanpled ; evaluation was limted to factors inpacting fish during their
magration to the estuary, e.g., cultural treatnment prior to release, fish
size, distance and date of migration, and river flow

¥V us Army Corps of Engineers. 1960. Interimreport on 1959 current
measurement program Colunbia River at nouth, Oregon and Wshi ngton.
Portland, Oregon.
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SECTION |--FALL CH NOOK SALMON, 1966-1972

[ nt roducti on

Fal | chinook salnmon are an inportant fishery resource in the Pacific
Nor t hwest . The Colunmbia River has |ong been recognized as the |argest
producer of fall chinook salnmon in the world. Hydroel ectric and ot her
devel opnent, however, has seriously reduced the natural production of the
Col umbia River system To conpensate for this loss, natural production of
fall chinook salnon is now supplenmented by an extensive system of state and
federal hatcheries (Fig. 3). The effectiveness of this hatchery system is
dependent upon the continuing devel opnent of new and inproved nmanagenent and
production techniques. This in turn requires biological and fishery catch
studies to evaluate the inpact of various production techniques. C eaver
(1969a) provided significant information on the life history and ocean
survival of Colunbia River fall chinook salnon, and recent papers have
exam ned the contribution of Colunmbia River hatchery fish to the fishery
(Wrland et al. 1969; Lander 1970). However, information relative to the
m grational behavior of juvenile fall chinook salnon to and through the
Col unbia River estuary is limted

Heretof ore, nost assessnents of the effectiveness of hatchery production
techni ques were based on evaluations of adult returns to the various fisheries
and/or hatcheries. Such evaluations nust await the return of adult fish which
normal |y spend from2 to 5 years in the ocean. Although it may be conceded
that the ultimate nmeasure of the effectiveness of fish culture operations
should be in ternms of adult catch and escapenent to the hatcheries,
assessnents of juvenile survival to the estuary could be of distinct help to
fishery managers. Relative survival of marked juveniles to the estuary could,
for exanple, provide initial clues to the success or failure of a particular
rearing or release technique in relation to the prevailing hatchery and
in-river environment. This information would be available to managers within
weeks instead of years.

The specific objectives of this study were to provide information on
movenment rates and survival of juvenile fall chinook salnmon during mgration
to the estuary and to examne mgration timng, novenent patterns, and
residence time in the estuary.

Met hods

The downstream mgration of juvenile fall chinook salmon was sanpled in
the Colunbia River estuary from 1966 through 1972. The primary sanpling gear
was a 95-m variabl e-nesh beach seine devel oped and described by Sins and
Johnsen (1974). This net fished to a depth of 3 mand was set fromthe beach
with a small outboard-powered boat. Thirty-three beach seine sanpling sites
were used during the study (Fig. 2). Sanpling effort varied as to site and
intensity each year, but was primarily concentrated at Jones Beach, Oregon,
(Site J-1 in the upper estuary). The Jones Beach Site is |ocated
approximately 75 km upstream from the river nouth and about 50 km above the
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normal upper limt of saline intrusion. Site HI on nearby Puget Island and
Site J-2 on the Washington shore imrediately across the river from Jones Beach
were also sanpled frequently during various phases of the study. Mst beach
seining effort in the lower estuary was concentrated in the Clatsop Spit area
(Sites Al and B-1).

In 1967, 1968, and 1969, purse seines were used to sanple deep-water
channel s and other areas where beach seining was not practical. Purse seines
of various sizes were used depending on the physical characteristics of the
area to be sanpled. The basic purse seine was 229 mlong by 10 m deep. A
152- by 3-mnet was used in shallow or restricted areas. Net design and
operational techniques are described by Johnsen and Sins (1973).

A two-door nmid-water trawl was used in 1966 to define vertical
distribution of juvenile fall chinook salnon in deep water areas. This net
had an opening of 3 by 6 mand could be fished fromsurface to bottom by
adj usting door angle and tow ng speed.

During the first 2 years, beach and purse seine sanpling crews processed
their catches and recorded all data where the fish were caught. Fish hol ding
and processing facilities were constructed at Jones Beach in 1968. After 1
May 1968, beach and purse seine sanples fromnearby areas were transported to
the beach facility for examnation. Al juvenile salnonids were anesthetized,
identified, enunmerated, examned for marks and brands, and a subsanple
measured to determne | ength frequencies. Mrked or branded fish were given
an additional mark by freeze branding (Mghell 1969). Followi ng recovery from
effects of the anesthetic, all fish were returned to the river.

Definition of Stocks

Because of their extended freshwater residence, juvenile spring chinook
sal non are generally at least 10 to 20 mm |longer than fall chinook sal mon when
they enter the estuary (Mains and Smith 1964). This characteristic size
difference was used to separate fall chinook salmon from spring stocks.
Because there is a slight overlap at times in length frequencies of the fall
and spring stocks, a small percentage of the fish coul d have been erroneously
identified. Cccasionally, small nunmbers of fall chinook salmon nay al so hol d
over for various reasons in fresh water until the follow ng spring. These
fish--because of their extended growt h--woul d be classified as spring chinook
sal mon unl ess they bore some special identity (fin clip or brand) clearly
signifying their fall chinook salnon origin.

Like fall chinook salmon, juvenile sumer chinook sal mon stocks fromthe
m d- Col unbi a al so nmigrate downstream as“0” age fish and, therefore, can not
be differentiated from fall chinook salnon by size. The relative number of
juvenile sumer chinook sal non reaching the estuary is small in comparison to
fall chinook salnon; for the purpose of this study, they have been classified
as fall chinook salnmon and included in the fall chinook salnmon catch totals.



Rel eases of Marked Hatchery Fish

About 6.5 mllion freeze-branded juvenile fall chinook sal non were
rel eased at various hatcheries and other |ocations by cooperating agencies
during 1968, 1969, and 1970. Mgrational timng and rates of downstream
nmovenent were determned from recoveries of these marks at Jones Beach.

Some releases of branded fish were also designed to examne relative
survival of hatchery-reared fall chinook salnon. Goups of fish were divided
into duplicate or multiple lots (each lot identical in size distribution to
all others). Each lot of fish was given a separate identifying brand and
rel eased at various |ocations upstreamfromthe Jones Beach sanpling site.
Es tima tes of relative survival of the various |lots were based on the
percentage of brands recovered at Jones Beach, assumng that survival from
those rel eases closest to Jones Beach was 100%  Survival rates es tima ted in
this manner were subject to two additional assunptions : (1) that the
distribution of all lots of marked fish froma given subdivided group was the
sane at the point of sanpling and (2) that each lot of fish within a
subdi vided group was equally vulnerable to capture by the sanpling gear
Conparisons of relative survival rates conpiled in this manner were valid only
for lots within a given subdivided group. Conparisons of groups of fish from
different hatcheries or from groups of different size fromthe sane hatchery
were not valid because the sanpling recovery rate may be variable

Results and Discussion

Sanpling in the Colunbia River estuary from 1966 to 1972 captured nore
than a mllion juvenile fall chinook sal mon(Tablel); included were more than
30,000 narked fingerlings, representing 59 separate marked rel eases. The
beach seine was by far the nost effective sanpling gear used to capture fall
chinook salnon in the estuary and accounted for alnost 98% of the tota
sanple . The beach seine was adaptable to near-shore areas throughout the
estuary, and fish taken by this gear were generally in good condition and
suffered little nortality. Beach seines were also effective in capturing
yearling coho salmon, but took relatively few juvenile spring chinook sal mon
or s teelhead trout.

From 6 June to 19 July 1968, 18 groups of juvenile fall chinook sal non
were taken fromthe beach seine catches at Jones Beach, marked with a thernma
brand, and released at Beaver Terminal about 4.5 km above the Jones Beach site
(Table 2). Analysis of the recovery data from these releases indicates that
the sanpling variability of the beach seine was closely related to size of
fish--the smaller the fish the higher the rate of capture (Fig. 4)--and was
not significantly affected by river flow (Fig. 5).

Distribution
Juvenile fall chinook salnon were found concentrated in the shall ow,

near-shore areas throughout the estuary. The concentration of fall chinook
sal mon al ong the beaches is illustrated by conparing adjacent beach and purse

10



Table |.-- Sanpling effort and catches of juvenile fall chinook
salmon in the Colunbia River estuary, 1966-72

Type of gqear

Beach sei nes Purse sei nes Trawl s
Year No. sets Cat ch No. sets Cat ch No. sets Cat ch
1966 1,867 139, 058 0 465 4,171.
1967 1,425 76, 988 100 1,716 0
1968 2,359 314,334 439 9, 323 0
1969 2,460 283, 386 164 4,038 0
1970 2,509 229, 880 0 0
1971 1,242 131, 425 0 0
1972 945 97, 299 0 0

Total s 12,807 1,272,370 703 15, 077 465 4,171

11
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311942 . W OB (SNL Ot DMET e 7 3 0 RITZ S .25 ) 33 -
THTS . m n SHA 195 0248 7.0 LS - 7.2 -
3175 . W N LA M SIUE 1% 33 15 4% 0.4 T8 0.5 2.2 7.2 -
IS GGIF] . m » pLVCT AL ] S5 0350 7 04l - a7 -
3 . W OW M W BIMR % % 4 % 0T b DS0B 1B 4.2 -
43775003 . m n ST 17 S22 D483 7.2 0504 - 4.3 -
Hageram Hatvhery
“seun dshom. Bae 230 B 20WY 14 DIMYTR OIS0 22 15 T4 8T 4 W1 14 P -
LT sotin M W 2467 183 3 o0.mM0 42 .00 - 3.7 -
o e e I8 W 150080 16 oo 37 0960 - 8.4 -
¥ T Mutin TH W N0 1T $ RO S 005 - .5 -
Ty Tl dsBoon. Baa 730 1 SEOM (56 TMMSI IS8 20 b6 47 00T 124 0893 111 ud -
WU Lo, Grasite Pes, 49 W 16IMNE2 147 2 0.041 10.¥ 0,08 - 10.9 -
65N . m . lo PR 15 0,197 122 0.7M - 1.5 -
eSIen Mmotin ¥R 3 XNuME? I #O01% (2.2 0205 - .S -
WSS {lear Greeck B 25 ENL2Y  1E7 o oLEe T2 0208 - 6.3 -

82



Table 25.-—cont.

Relesse inforsatioe

River
Ty 3/ Beveanal fiwd Flow _ Flow 3 Downeville baa
1hg,01,02) Recovery dates of Rate &/ Jmes  adiwst. Total 3 Tobal 3 Spill:
rond Site b/ Size 10th percest SOth pereest _(Asfday}  Repavery Deach  recev. 10 rec 501 rec total
(Loc Syw Rat) description (Rkm) Ine/kb} (42,00} (Gul) tda,ne,yr} Uil HIOTIISOLH (ee) (D) (heasie/ (D) £/ dkeost  kows) ratie g/
Kingold Rearing Pond
83717145 Hatchery 548 L] s 195 M 085 &8 000 - [ X ) -
Rouad Dutte Hatchery
07128/36 Deschutes R, 304 % 8JUMB3 159 45 0,210 106 0.274 - 34 -
Speelyai Hatchery
83721780 Lewis R, I46 1B 2400 206 SMIGB0 218 f1 5 197 0.212 A0 0210 - 3.7 -
Spring Creek Matchery--Rarch Relpase
05/43/01 Halchery 249 111 164FR 104 YT 1 1 & 169 0.191i/ A7 0,154 34 4.0 2.00
05356104 ' 59 104 29WAR BB I3APRTE 105 23 B 1T 0133 7 O.162 8.5 11 0.30
05104148 * 269 125 28MMR D7 TAPRTY 97 25 12 2% 0074 6.4 0,185 5.7 5.3 0.15
05/06/39 . 8% 123 IBMAR 7B 28WARBO B 23 13 123 0.201 A0 O.IW0 - 1.8 L1
03/07/40,48,50,50 ° 9 L1} PR 92 AMPRBO %4 25 21 %2 009 4.2 0089 (R} 1.8 0.17
05/10/50 * 269 110 29WAA BB 1SAPREZ 105 4% 10 106 0.09% 0.4 0.128 8.2 8.3 0.5
Spring Creek Hatchery--April Release
05/44,45,49/01  Matchery 269 85 I7APR 107  JOAPR7? 120 22 B 838 0N/ 4T 0.313 i L0 0.00
05/50/01,R0 ¥ 4 ds Bonn.Dam 230 83 ITAPR 107 IMAYT? 11 26 T 304 0,427 4T 0504 11 4.0 -
05/60/01,62/01  Hatchery 269 4 ZMPR 114 IMYTR 1M 33 16 328 0.213 BB 0.24¢ 5.7 1.8 0.40
05/54/01 * 0 79 PR 115 IMAYIS 121 32 14 20t 0249 8. 0.207 b7 7.8 -
05/04/34,44 * Pl 79 2BAPR 11D IWNTY 123 25 16 47T 0.2 6.8 0.2% 6.7 8.2 010
05/06/40 . 29 BY  I7APR 10B  24APREO 115 28 L7 108 0299 7.1 0307 4,8 5.9 0.00
05/07/41,49 : F{3) 71 23APR 143 Z8APRe1  11B 25 17 13 0126 &5 .20 5.4 3.4 0.04
05/10/5, 53,54 ' e 7T I0APR 110 ZSAPRBZ LIS 3% 2 223 0.1% R4 0.2% 9.1 1.8 0.3
05/08/51 Usatilia R, 467 " mavez 1A 48 0,103 10,0 0.129 - 8.7 0,00
05710757 . LY % maYaz 127 106 0,105 10.2 0.134 - 9.2 [N ]
05/11/42,43 Ratchery 2% 54 INAY 125 SMAYES 125 39 31 10T 0.1 9.4 0.2 8.7 8.7 0.t6
ROMOD U ds Bonn, Daw 230 b4 TRAY 127 BMAYE3 128 3% 26 115 0110 10.4 6142 2.3 2.3 -
Spring Creek Hatchery--May Release
05/48401 Hatchery 269 12 JomaY 150 JIMaYT? 151 38 X7 2 0,092 5.1 G077 42 1.2 0.21
03/52/01 * s 56 2IMAY 142 24MAYTE 144 52 31 104 0,088 0.7 0.10M 1.9 7.9 0.41
05/04/33 * %% 50 ZAWAY 1] Z2MAY7Y M2 AL A7 9B 0,087 8.4 0.0%7 1.3 7.3 0.40
03/06/41 ' 9 56 1IWAY 132 13MAYBO 134 86 55 53 0.12% 9. 0049 8.0 8.0 0.43
5h/48/0% ds Bonn, Dan 230 45 27mAY 143 24MAYBO t44 3T 33 71 0,080 B.1 0,087 1.2 1.2 -
03/07/42 Hatchery 2% 1] OMAY 129 1ImAYBL 131 49 32 105 0171 L2 O 6.5 6.5 0.4
05707148 Rock Creek 18 73 1BMAYE] 138 Sh 0,046 &7 0,043 - [N 0.00
0307743 . Je8 75 23MAYEL 143 19 0.0 7.7 0.053 - 6.4 0.00
05/10/52 Hatchery 289 AT 2IMAY 14 2SMAYBZ 237 65 &1 13 .28 LY 0,16 1¢.8 10.B 0.4
Spring Creek Hatchery--hugust Release
05/03/39,40,41  Hatchery 249 16 278U6 234 2SRUBTE 237 47 32 I¥ 0.043 3.9 0,002 3.5 3.5 0.00
05/04/45 * 9 19 HJAUE 229 1%AUGTY 230 M 33 33 0.8 32 0.1 2.9 .9 0.00
05/04/42 * 2% 19 L0AUG 223 13AUBBD 226 &% 32 9 0184 37 0.104 14 3.4 0.12
Toutle Hatchery
43716740 Matchery 160 117 17J0L 199  5AU677 27§ 3 0% 0.658 L4 0.45 .9 3.1 -
3T . 160 ¥§ 775N (78 SJULTB 186 i1 T 457 0.55% &0 0.5k [ X} 5.7 -
43/18/01 ’ 140 77 16JL 197 30JWLTB 21 10 4 164 M7 45 0210 5.3 4.2 -
£3/18/54,19/41,54  * te0 150 0L 183 §ULI 193 &} BeE 0.8227 A0 0.612 L7 3.4 -
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Table 25.--cont.

Release inforsation
Tag a/
(hg, 01,02}
Brand Site b/

Noveaent
Rate d/

Size 10th percent S50th percent

River
flow 3
dones

Flow _ Flow & Boneville Das |

adjust, Total @ Total & Spills
recov, 10T rec 30% rec total

iLor Sya Rot) description {Rka) {no/lb) Ida e} (jull (dayme,yr) CGGubl(1OX)IS0Y) {no) (L) lkcasles ¢X) £/ (kcas}  (kems) ratio g/
Kalana Falls Hatchery
43116755 Hatchery 4l 74 0L 1B} 1MW 195 8 3§31 0.207 3.l 0,138 2 2.8 -
83116439 * 1 13 SHL 184 26JULFT 207 4 2 897 OLTIB 2.9 0.A6E 2.4 L4 -
s3/17146 * A6l 108 LWL 19% JAUSTE 215 10 3 B4 0.431 4.5 0.497 5.3 6.2 -
831957 . 14 180 BIL 1B%  ZPULTY 208 4 2 222% 1.42% 3.8 1040 3.7 3.4 -
63721105 . 180 115 26U 178 L20ULBG 193 17 4 63 0.239 5.3 0.204 6.8 4.9 -
63/20/36 . 14 19 ZeMAY 146 JIMAYBY 151 17 B 178 0.417 9.0 04137 8.2 10.1 -
83/24/40 ‘ (41 130 G4JUN 185 TJULBZ 168 L7 3 18§ 0.153 1.0 0.205 10.0 10.% -
Klickitat Hatchery
63/16/0% Hatchery 358 92 WUL 185 ITAURTT 23 10 4 3B 0.059Q/ 3.2 0.040 2.4 2.9 ©,00
83/14/83 ' 158 87 21JuN 172 TduL7R 188 21 12 97 0,169 &1 0,156 1.4 5.7 0.42
83H19/48 ' 358 80 TIUNTY 158 0121 L2 0.0%7 - S.4 0.35
63119747 : 158 8 TIUN 156 QJUNEO  faf 42 26 B4 0066 R0 0077 8.2 8.3 0.50
43/20/08 . 358 78 UK 163 10JUNBT 1A% 47 30 30 0,032 11.2  0.043 10.8 7.9 0.5%
63721137 . 13 e 133uNez  1adé 214 0111 10.9 0.148 - 10.0 0.31
Kouskia Hatchery
05/04/27 ds Bonn. Das 230 0 I8MAY 136 21MAYTR 1&E 14 % 3B 0.117 &4 0.1W - 7.3 -
05/04/26 Clear Creek B4R 40 16JUNTS 147 I 0,062 5.5 0,054 - 5.9 -
10/22/18 . -] 36 10JUNEL  fa% 1t 0.043 11.2 0.058 - 9.9 -
Little White Salaon Hatchery
05747401 Hatchery 261 122 11JUN 162 21JUN?T 72 7 & 267 0.127i/ 3.6 000 4.0 3.2 0.00
05/03/46,47,48 . 261 115 JIMAY 151 7JUN?8 158 32 14 330 0.358 7.9 0.385 6.7 1.3 0.43
QJO3/43, 44,45 %1 135 1JUM 152 BJuN7E  15% 27 13 3 0348 7.9 0,375 6.7 7.3 0.43
05/03/55,54,57 * 261 100 2L 203 3w 212 17 i0 &) 0.10% 45 0.0Bé 4,7 L [
05/04/48 * 1 103 VNN 180 JULTY 184 28 17 254 0.210i/ 4.2 0.0 1.4 3.7 0.02
05704149 ' % 123 fJue 182 RUL7? 185 22 16 M2 0,221 4.2 0.470 4 1.7 0.02
05/06/43 * 268 101 DRJUN 168 I9JUNBG 171 32 22 %4 0,073 .1 0.088 g.4 8.3 0.31
053/07/47,49,50 ' 261 94 SJUN 157 LLIUNBL te2 3B 2B 164 0.072 124 0.105 11.4 10.8 0.57
05/04/33, 34 * 261 L HUN 138 10JuNez 18l W8 21 2T 04136 10.2 073 %.3 9.3 0.38
Lower Kalasa Watchery b/
8317142 Hatchery 127 81 JIMAY 151 S0UNTR £S5 1B 136 0.136 7.9 0.1% 6.7 1.3 -
8320408 . 121 150 TJUN 158 13JUNBG 146 B 209 0,185 9.1 0.230 8.1 8.4 -
43/22¢54 . 121 HUN 155 I9JUNBL 170 4 17% 0135 1.2 0.i80 1.1 9.9 -
63124743 * 127 1Y 150N 1sh  Z5IUNB? 176 6 191 0182 12,6 0.239 6.0 1.5 -
Priest Rapids Spawing Channel
83/17/41 ds Priest Rap, Das 839 124 6J0L78 207 20 0,055 5.1 D.04 - 4.7 -
8318421 . b3% n 1Tn7e 198 12 0,045 4.1 0.034 - .7 -
83/20/t7 . (33 " oLty at 6 0.025 3.6 0.018 - 3.3 -
63/19/48 . 839 88 HWBe 188 i1 0,028 37 0.025 - 3.2 -
43122181 ' 439 47 211/ 13 0.083 7.8 0.089 - 1.2 -
43/21455 " 83 115 9AUGRT 221 370073 5.5 0.0 - 5.1 -
b3/24156 ' 839 87 21JUNEZ 174 33 0.099 12,4 0.144 - 1.7 -
4322452 * 439 a7 sduez 217 3 0.073 110 0.098 - 10.4 -
&3/28/11 * 539 [} tTIUNBY 140 144 0.0% 9.3 0.113 - 8.8 -
b3/26/12 . 439 &3 20JULB3 201 86 0,103 7.5 0.i® - 8.7 -
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seine catches (Table 3). Relative abundance of fall chinook sal non was about
15 times greater in near-shore waters at Jones Beach than in the adjacent
channel area during the 1968 sanpling season. By contrast, yearling chinook
sal non, coho salmon, and steel head were nost abundant in the offshore channe
ar eas.

Wien in deep water, juvenile fall chinook salnon were found to
concentrate near the surface. Trawl sanples from the channel off Tongue
Point, Catsop Spit, and Jones Beach (Fig. 2) in 1966 showed that nore than
95% of all juvenile fall chinook salnmon were within 3 mof the surface
(Table 4).

Di el Mvenent Patterns

Two tests were made in 1966 to exami ne diel novenent patterns of
mgrating fall chinook salmon fingerlings in the Colunbia River estuary. The
first test ran from26 to 29 May at Site H1 on |ower Puget Island (Fig. 2).
A single beach seine set was made each hour, on the hour, for the duration of
a 30-h test period. This procedure was repeated at the Jones Beach site on 13
to 16 June. To conpensate for possible tidal influence on novenent patterns,
the Puget Island test was started on a flood tide cycle and the Jones Beach
test on an ebb tide cycle. About 90% of the fall chinook sal mon taken during
both tests were caught during daylight hours (Fig. 6). The pattern of
movenent was al most identical at both sites--peak nmovement in the norning
between 0800 and 1100 h, followed by an afternoon decline and a second, though
snal ler, peak in the evening between 1800 and 2000 h. Tidal conditions did
not affect this novenent pattern. Purse seine fishing in the ship channel
adjacent to Jones Beach in 1968 and 1969 substantiated this daytime novenent.

An additional experiment was nade during 1 day of each test. Goups of
fall chinook salmon fingerlings fromthe beach seine catches were nmarked and
rel eased back into the seining area at 0800 and 2200 h. Recaptures of these
marked fish showed that fish released in darkness remained in the area nuch
| onger than those rel eased during daylight (Table 5). Both experinents
indicated little movement of fall chinook salmon in the estuary after dark

Mgration Timng

Timng of the juvenile fall chinook salmon mgration into the estuary
from 1966 to 1972 is shown in Figure 7. This information is based upon
mor ni ng (0550-1200 h) beach seine catches each year at the Jones Beach site
from 28 April through 2 Septenber. Sanpling over the entire year showed that
approxi mately 80% of the juvenile fall chinook sal mon entering the estuary do
so during this period.

Movenent into the estuary is generally binodal--an early peak in My and
early June, a decline later in June, and a second and usually higher peak in
late July or early August. The seaward mgration remains heavy to Septenber
and then gradually declines. The decline in the nunber of fall chinook sal mon
entering the estuary in June is unexplained but could be associated with the
high river flows that generally occur during this period.
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Table 3.-- Beach seine and purse seine catch per effort (average
nunber of fish per set) at Jones Beach, Oregon, 1 My-

31 July 1968.
Catch per set
Type of fishing Nunber Fal | Yearl i ng
gear and nonth of sets chi nook chi nook St eel head Coho
Beach seine
May 139 177.6 2.1 1.1 25.1
June 178 164. 4 0.1 0.0 0.6
July 147 497.0 0.0 0.0 0.2
Aver age 274.0 0.7 0.3 7.8
Purse seine
May 120 15.7 12. 1 31.3 61.3
June 100 24.9 0.4 1.4 1.5
July 114 14.1 0.1 0.1 0.2
Grand Average 17.9 4.5 11.7 22. 6
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Table 4.-- Md-water traw catches of juvenile fall chinook sal non at various
depths and locations in the Colunbia R ver estuary, 1 June - 31 July

1966.
Fi shi ng Jones Beachd/ Tongue Point & d atsop Sitd
dept h No. fish Percent No.. fish Percent No. fish Percent
Surface
(0 - 3 m) 1,510 96. 3 662 95. 2 321 97.9
M d- dept h
(3 - 6 m) 57 3.6 33 4.8 6 1.8
Bottom
(below 6 m) 1 0.1 0 0.0 1 0.3

al Catch represents 10 trawl hauls at each depth at each |ocation.
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Table 5.--Beach seine recoveries of marked fall chinook salnon released during daylight and darkness at
Puget Island (26 May 1966) and at Jones Beach (14 June 1966).

Area and time No. of fish No. hours from release to recapture Tot al recaptures
of release rel eased 1 2 3 4 5 6 7 8 9 Nunber Per cent

Nurmber of fish
Puget Island

0800 hours 500 5 1 2 0O 1 0 0 0 0 9 1.8

2200 hours 500 53 36 17 18 5 3 0 1 1 134 26. 8
Jones Beach

0800 hours 500 3 0 O 1 O 0 0 o0 O 4 0.8

2200 hours 500 61 33 27 21 8 0 0 3 0 153 30.6
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Fal | chinook salnon fry began to enter the Jones Beach area in late
February. These fish were not actively mgrating but were apparently moving
out of the smaller tributary streans and utilizing the upper estuary as a

rearing area. Rei mers and Loeffel (1967) reported very short residence
periods by fall chinook salmon fry in certain tributary streams of the |ower
Col unbi a River. Based on Jones Beach sanpling, the total nunber of fry

residing in the estuary is very small in comparison to the total nunber that
mgrate.

Beach seine catches at Jones Beach from 1966 to 1972 indicate a trend
toward later entry of juvenile fall chinook salmon into the estuary (Fig.
8). Over the study period, the percentage of seaward migrants entering the
system during May and June declined, whereas the nunber of fish entering in
August increased significantly. This apparent shift in the time of mgration
is not well defined, but may result from variation of seasonal river flows
during the study period.

The effect of hatchery releases on the timng of the fall chinook sal mon
mgration in the estuary can be seen by conparing the tenporal catch
distribution in 1971 with that of other years sanpled (Fig. 7). In 1971,
al nost 90% of the total production of hatchery fall chinook sal non were
released prior to 5 May. Wth the exception of a single S-day period in early
My | the effect of these early releases on the overall distribution of the
mgration in the estuary was negligible.

Rat es of Downstream Myvenent

Rel eases of marked fall chinook salmon fingerlings were made in 1968,
1969, and 1970 at hatcheries of the Oregon Department of Fish and Wldlife
DRy, \Vashington Departnent of Fisheries (WF) , and the U S. Fish and
V1dlife Service (USFWS) in cooperation with this study. Recovery of these
marked fish at Jones Beach provi ded considerable information on passage tines
and rates of novement of hatchery-reared fall chinook salnmon to the estuary.
Variation in rate of nmovenment of fish fromthe various hatcheries was
considerable (Tables 6, 7, and 8). The tinme required for individual groups to
reach Jones Beach ranged from3 to 24 days. Rate of downstream novenent
varied from5 to 36 km per day.

Effect of Size at Release.--A nultiple release of branded fall chinook
salnon at Little Wite sSalnon National Fish Hatchery (USFWS) in 1969
illustrates the effect of size on the rate of downstream novenent. Three
groups of fish (average fork lengths 77, 64, and 56 nm respectively) were
rel eased at the hatchery (Fig. 3) on 24 June 1969, and a fourth group (average
fork length 67 mr) was released on 25 June approximately 28 km downstream from
the hatchery. The relationship of the size of these fish and their rate of
downst ream novenent to the estuary is shown in Figure 9. A strong positive
correlation of increased rate of novenent with an increase in fish size is
evident. The largest mgrants (77 mm) noved 12 km per day faster than the
smal lest (56 m).
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Table 6.-- Rate of downstream nmovenent of various groups of marked hatchery fall chinook
sal ron based on beach seine catches at Jones Beach, Oregon, 1968.
Rel ease information Recovery information
b Nunth Di st alncg Travel Rate of
- Nunber er travel e tine novenent
Hat chery of origin. Pl ace Dat e of fish of fish (km (days) (knd day)
Ringold (vIP& Hat chery 14 May 90, 000 7 490 15.0 32.7
Ri ngol d Bel ow Bonne- 16 May 90, 000 144 162 8.1 20.0
vill e Dam
Kal ama (\V\DF) Hat chery 17 June 78, 850 62 46 8.7 5.3
Kal ama Hat chery 12 July 80, 000 73 46 6.4 7.2
Washougal (V\DF) Hat chery 17 June 77,900 97 132 11. 4 11. 6
Washougal Hat chery 17 June 78, 700 101 132 11.0 12.0
Washougal Camas Sl ough 17 June 76, 500 144 120 9.2 12.5
Washougal Bel ow Canas 17 June 77,700 237 115 9.1 13.1
Sl ough
Spring Creek (Pp bi Hat chery 13 June 159, 000 80 192 9.3 2Q 6
Aber nat hy (FW5) Hat chery 15 May 200, 300 2,276 15 3.1 4.8
Aber nat hy Hat chery 15 May 200, 400 559 15 3.0 5.0
Little Wite Sal non Cook, Wa. 22 June 217, 200 402 190 9.3 20.4
FW6
Little (V\hi)t e Sal non Drano Lake 22 June 107, 500 295 188 10.9 17.2
Little Wite Sal non Bel ow Bonne- 24 June 101, 700 558 162 8.6 18. 8
vill e Dam
Little Wiite Sal non Mout h of 25 June 102, 000 551 91 7.4 12.3
Wl lanette R
Little Wiite Sal nbn Prescott, O. 26 June 99, 700 505 36 5.7 6.3
Little White Sal non Beaver, O. 27 June 192, 700 1,170 14 2.5 5.6
Oxbow ( e Hat chery 4 June 128, 000 64 171 7.5 22.8
Oxbow Bel ow Bonne- 5 June 110, 000 116 162 5.2 31.1
ville Dam
Bonnevi | | e ( CDFW Hat chery 17 June 116, 300 63 162 8.1 20.1

al Washi ngton Depart nment

b/ Fish and Wldlife Service
Fish and Wldlife

¢/ Oregon Departnent

of Fisheries
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Tabfe 7.-- Rate of” downstream novenent of various groups of marked hatchery fall chinook
sal non based on beach seine catches at Jones Beach, Oregon, 1969.

Rel ease information Recovery i nformation
Di stance Travel Rat e of
o Nunber Nunber traveled tine novenent
Hat chery of origin Pllace Dat e of fish  recovered (km (days)  (km day)
Ri ngol d Hat chery 12 May 201, 200 60 490 14. 3 34.3
Ri ngol d Bel ow Bonne- 16 My 66, 800 75 162 4.6 35.2
ville Dam
Oxbow Bel ow Bonne- 19 May 152, 000 481 162 6.2 26.1
ville Dam
Oxbow Bel ow Bonne- 19 May 151, 100 1,271 162 5.9 27.5
vill e Dam
Oxbow Bel ow Bonne- 19 May 154, 800 395 162 5.9 27.5
ville Dam
Oxbow Rainier, Or. 20 May 155, 900 485 36 2.5 |-4.4
Spring Creek Hat chery 3 June 199, 700 417 190 5.4 35.6
Little Wiite Sal non Hat chery 24 June 198, 500 252 190 13.0 14.6
Little Wiite Sal non Hat chery 24 June 196, 800 215 190 7.0 27.1
Little Wiite Sal non Bel ow Bonne- 25 June 76, 000 148 162 6.9 23.5
ville Dam
Little Wiite Sal non Hat chery 24 June 114, 800 156 190 8.3 22.9
Little Wiite Sal non Rainier, O. 27 June 41, 300 228 36 4.3 8.4
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Table 8.-- Rate of downstream novenent of various groups of marked hatchery fall chinook
sal non based on beach seine catches at Jones Beach, O egon, 1970.
Rel ease information Recovery information
Di stance Travel Rat e of
- Nurnber Nunber travel ed tine novenent
Hat chery of origin Pl ace Dat e of fish recovered (km (days) (ki day)
Spring Creek Hat chery 14 April 152, 500 1,441 192 2 3. 8 8.1
Spring Creek Hat chery 22 June 144, 600 131 192 8 . 8 21.8
Spring Creek Hat chery 22 June 152, 100 284 192 8.7 22.1
Oxbow Bel ow Bonne- 15 May 75, 700 85 162 7.3 22.2
ville Dam
Oxbow Bel ow Bonne- 15 May 75, 000 55 162 6.8 23.8
ville Dam
Little Wite Sal non Hat chery 22 June 183, 900 646 190, 10.5 18.1
Little Wiite Sal non Hat chery 22 June 187, 000 914 190 13.8 13. 8
Little Wite Sal non Bel ow Bonne- 23 June 156, 000 594 162 8.2 19 .8

ville Dam
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Figure 8.--Annual variation in the migrational timing of juvenile fall chinook
salmon at Jones Beach, Oregon, 1966-1972.
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Effect of Release Location.--Mark recovery da ta also indicated that the
rate of downstream novenent of hatchery juvenile chinook sal mon may be
associated with point of release (Fig. 10). Fish reared and released from
hat cheries near the estuary noved downstream at a slower rate than those from
hat cheries farther upstream For exanple, fall chinook sal non from Abernathy
Hat chery ( USFW5), about 15 km above the Jones Beach sanpling site, noved
downstream at an average rate of about 5 km per day; whereas fish rel eased at
Ringold (WDF) ,490 km above the estuary, noved downstream at al most 33 km per
day (Table 6).

Effect of R ver Flow --Raynond (1968) showed a positive correlation
between water tlow and rate of downstream novenent of yearling chinook sal mon
in upper Colunmbia and Snake Rivers. A simlar correlation is difficult to
denonstrate in relation to juvenile fall chinook salnon in the | ower Col unbia
River. Releases of narked fall chinook salnon of conparable body |engths at
two Federal hatcheries (Little Wite Salmon and Spring Creek) failed to show a
clear relationship between river flow and rate of downstream novement (Table
9). This is probably the result of variations in the nunber of snolting fish
within the release groups. Sonme groups of fish released during periods of
high river flow noved downstream at a slower rate than other groups released
during lower river flows. If all fish were actively mgrating seaward at the
time of release, the effect of river flow on downstream novenent mght be nore
evident (sanples from later years suggested a relationship).

Size and Es tuarine Residency

Fork-1ength neasurenents were taken each year from May to Septenber to
exam ne size characteristics of juvenile fall chinook salnmon in the estuary.
Mean fork-lengths of juveniles entering the es tuarine systemat Jones Beach
from 1966 to 1972 are shown in Figure 11. Average sizes of fall chinook
sal mon entering (Jones Beach) and |leaving (Clatsop Spit) the es tuary are
conpared in Figure 12. These rel ationships show that the average |ength of
fall chinook salnon in the estuary approaches 75 mm by md- to |ate-My each
year and does not increase significantly until late July.

There are two hypotheses that would account for the constant size of
juvenile fall chinook salnmon in the estuary over such an extended period: (1)
growth rate of fall chinook salnmon rearing in the estuary is substantially
reduced or ( 2) juvenile fall chinook salnon rear to snolting size in areas
above the estuary and pass quickly through the estuary once they enter the
sys tern. Reimers (1973) reported a simlar size pattern for fall chinook
salmon in the Sixes River estuary in southern Oregon and related this pattern
to decreased growth rates during an extended period of estuarine residence.
He further hypothesized that this reduction in growh rate resulted in high
popul ation densities in the estuary during this period.

Mark recoveries during this study suggest that the majority of juvenile
fall chinook salnon entering the Colunbia River estuary remain within the
system for a relatively short period of time. Recoveries from 16 groups of
marked hatchery fall chinook salnon in 1970 showed that these fish began to
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Tabl €9.-- Rate of downstream noverment and average river flow at tine of
rel ease of six groups of simlar sized marked fall
sal mon rel eased into the Colunmbia River during 1968, 1969,

chi nook

and 1970.
Hat chery and Nunber Nunber Average rate
year of of fish Date of  of marks of novenent iyer flowd/
rel ease rel eased rel ease  recovered (kn day) (m~/sx 1000)
Spring Creek
1968 159, 000 13 June 80 20. 6 10.6
1969 199, 716 3 June 417 35.6 10.1
1970 152,079 22 June 284 22.1 7.9
Little Wite Sal mon
1968 217,000 22 June 402 20. 4 9.8
1969 196, 800 24 June 215 27.1 8.4
1970 186, 950 22 June 914 18.1 7.9

al Average daily flow at Bonneville Dam for 20-day period after release.
Fl ow data from Annual Fish Passage Reports,

Division U S Arny Corps of Engineers processed report.
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| eave the estuary wthin 6 days or |ess after entering the estuary
(Tabl e 10). In addition, five branded fall chinook salnon fingerlings were
taken by purse seine in the ocean several nmiles south of the river nouth in
1969. Two of these fish had been released 14 km above the Jones Beach site

only 6 days earlier. The other three fish had been released at the same site
from9 to 15 days earlier. Athough few in nunber, these ocean recoveries
further suggest a rapid novement of juvenile fall chinook sal mon through the
estuary.

Additional mark recoveries indicate that when fall chinook salnon stay in
the estuary for an extended period, their size increases rapidly. Recoveries
from six groups of nmarked fall chinook salnmon fingerlings transported from the
Washougal Hatchery (WDF) and released at six separate locations in the |ower
river, 16-18 June 1969, showed that the behavior of these fish was different
fromthat of any other groups of nmarked fish sanpled during this study. These
fish were small when rel eased (approximately 200/1b) and obviously not ready
to migrate. They began to enter the beach seine catches at Jones Beach on 21
June, and significant nunbers were still being caught in m d-Septenber.
Recovery rates fromthe Washougal releases were 10 tines greater than for any
ot her groups of narked fish. Moreover, 10 times as many multiple mark
recaptures were made. Many individual fish from these releases were caught
four and five tinmes during a |10-week period. [Inasmuch as these fish renained
in the estuary for a substantial period of tine, their growh rate during this
time is a valid indication of growmth during residency in the estuary. Average
size of these fish increased rapidly during their estuarine residence
whereas, the average size of all other groups of fish taken at Jones Beach
during the same tine period remained relatively constant (Fig. 13).

The evi dence supports the conclusion that in the Colunbia River, the
majority of fall chinook salnon fingerlings remain in the estuary for a
relatively short period and that they reside in the main river or tributaries
upstream from the estuary until they reach a size range of about 7 to 8 cm
This woul d account for the simlarity in size range of fall chinook sal non
entering the estuary during the late spring and early summer. The rapid
increase in the size of fish entering the estuary after md-July is probably
due to inproved conditions (such as warmer water temperatures) for growth in
the upriver rearing areas.

Relative Survival of Hatchery Fall Chinook Sal nmon

Ebel (1970) reported a significant increase in survival of hatchery fal
chinook salnon fingerlings transported from an upriver hatchery and rel eased
bel ow Bonneville Dam over survivals from conventional releases at the
hat chery.

Estimates of relative survival during passage to the estuary of hatchery
fall chinook sal non rel eased at various points in the river from1968 to 1970
are shown in Tables 11, 12, and 13. In each instance, the relative surviva
was increased by transporting the fish to a point below Bonneville Dam for
rel ease. Relative survival rates of seven experinental groups of branded fal
chi nook sal non rel eased bel ow Bonneville Dam are conpared to a duplicate
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Tabl e 10.-- Passage tinme of 16 groups of marked hatchery fall chinook
sal mon from Jones Beach to Clatsop Spit, Oegon (74 km

1970.
Date of first Date of first
arrival at arrival at Passage tine
Hat chery of origin Jones Beach datsop Spit (days)
Oxbow 18 May 22 May 4
Oxbow 18 May 22 May 4
Oxbow 20 May 26 May 6
Oxbow 23 May 27 May 4
Spring Creek 25 June 29 June 4
Spring Creek 25 June 29 June 4
Spring O eek 25 June 28 June 3
Spring COreek 27 June 30 June 3
Little Wite Sal non 25 June 29 June 4
Little Wiite Sal non 26 June 28 June 2
Little Wiite Sal non 25 June 28 June 3
Little Wite Sal non 25 June 1 July 6
Little Wite Sal mon 26 June 2 July 6
Little Wite Sal non 26 June 30 June 4
Little Wite Sal mon 28 June 29 June 1
Little Wite Sal mon 28 June 30 June 2
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Table I'l.-- Recovery rate and relative survival of branded groups of
hat chery fall chinook salnon at Jones Beach, Oregon, 1968.

Rel ative

Hat chery of origin Size at Rel ease Recovery survival'
and rel ease point rel ease dat e rate (% rate (%
Little Wite Salnon &

Hat chery 1d1b 22 June 0.27 45

Bel ow Bonnevill e Dam 107/1b 24 June 0.56 93

Beaver, O egon 103/1b 27 June 0.60 100
Oxbow

Hat chery 72/1b 4 June 0.05 45

Bel ow Bonnevill e Dam 72/1b 5 June 0.11 100
Ri ngol d

Hat chery 62/1b 14 May 0.01 6

Bel ow Bonnevi | 62/1b 16 May 0.16 100

d Data reported by Ebel (1970).
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Tabl e 12.-- Recovery rate and relative survival of branded groups of hatchery
fall chinook salnon at Jones Beach, Oregon, 1969.

o Size at Rel ative

Hat chery of origin rel ease Rel ease Recovery survival
and point of release (no./1b) date rate(% rate (%
Little Wite Sal non

Hat chery 109 24 June 0.13 57

Bel ow Bonnevi |l | e Dam 109 25 June 0.20 87

Rai nier, Oregon 109 27 June 0.23 100
oxbow

Bonnevi |l e Spillway 85 19 May' 0.31 38

Bel ow Bonneville Dam 85 19 May 0.29 35

Rai nier, Oregon 85 20 May 0.82 100
Ri ngol d

Hat chery 65 12 May 0.02 18

Bel ow Bonneville Dam 65 16 May 0.11 100
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Tabl e 13.-- Recovery rate and relative survival of branded groups of hatchery
fall chinook salnon at Jones Beach, Oregon, 1970.

Rel ative

Hatchery of origin Size at Rel ease Recovery survival
and rel ease point rel ease date rate (% rate (%
Little Wite Sal non

Goup 1

Hat chery 65/1Db 22 June 0.35 40

Bel ow Bonneville Dam 69/1b 23 June 0.38 44

Rai ni er, Oregon 69/1b 25 June 0.87 100

Group 2

Hat chery 110/1b 22 June 0.49 66

Bel ow Bonnevi |l | e Dam 126/ 1b 23 June 0.59 80

Rainier, Oegon 126/1b 27 June 0.74 100
Spring Creek

Goup 1

Hat chery 109/1b 14 April 0. 94 91

Rai ni er, O egon 92/1b 20-21 April 1.03 100

Goup 2

Hat chery 43/1b 22 June 0.09 31

Rai ni er, Oregon 39/1Db 24-26 June 0.29 100

Goup 3

Hat chery 67/1b 22 June 0.19 86

Rai ni er, O egon 68/ 1b 24-26 June 0.22 100
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hatchery release in Table 14. The increase in survival of transported fish
over those released at the hatchery ranged from4 to 96%  Transporting fish
from Ringold Ponds (490 km from river nouth) for release bel ow Bonneville Dam
resulted in survival increases of 96%in 1968 and 73%in 1969. Transporting
fish below the dam from hatcheries | ocated on the Bonneville pool (160 to
192 kmfromthe river nouth) increased survival by 51%in 1968 and 30%in
1969.

Concl usi ons

1. Juvenile fall chinook salnon concentrate in shallow near-shore areas
of the estuary, and when in deep water areas are generally found within 3 m of
the surface.

2. Most novement of juvenile fall chinook sal non through the estuary
occurs during daytime.

3. Tidal conditions or direction of flow does not appear to influence
diel movenent patterns of juvenile fall chinook salmon in the estuary.

4, Timng of the juvenile fall chinook salmon migration into the estuary
is generally binodal, characterized by an early peak in My and early June,
followed by a general decline later in June and a second, usually'larger, peak
in July or August.

5. Atrend toward later entry of juvenile fall chinook salnon into the
estuary was noted. During the period of this study, the percentage of fish
entering the estuary in My and June declined, whereas portions entering in
August increased significantly.

6. The early release of hatchery fall chinook salmon in 1971 had little
affect on tenporal distribution of the overall outmgration through the
estuary.

7. Larger fall chinook salnmon migrants generally nove downstream at a
faster rate than smaller fish.

8. Juvenile fall chinook sal non rel eased from hatcheries near the
estuary generally nove downstream at a slower rate than those released from
hat cheries nore distant from the estuary.

9. Average sizes (7 to 8 cn) of juvenile fall chinook sal non entering
the estuary remain relatively constant frommd-My to late July.

10.  The mgjority of juvenile fall chinook salmon rear to snolting size
in the river areas above the estuary.

11. Most juvenile fall chinook salmon migrate rapidly through the
estuary.
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Table 14.-- Increases in survival

of juvenile hatchery reared fall chinook

ing fish to release sites bel ow Bonneville Dam 1968-70.

sal mon resulting from transport-

1968 1969 1970
| ncr eased | ncr eased | ncr eased
Si ze survi val Si ze survi val Size survi val
Hat chery of origin of fish (% of fish (% of fish (%
Little Wite Sal non 107/1b 48 109/1 b 30 69/1b 4
- - - - 126/1b 14
Oxhow 72010 55 - - - -
Ri ngol d 62/1b 96 65/1b 73




12. Transporting juvenile fall chinook sal mon from hatcheries above
Bonneville Dam to release sites below the dam increases fingerling survival to
the es tuary . Cenerally, fish transported from nore distant rearing areas show
greater survival benefits than those transported from hatcheries nearer the
estuary.
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SECTION |1--COHO SALMON, 1966-1971

[ nt roducti on

The coho salnon is an inportant commercial and recreational species
the Colunbia River and its tributaries for spawning and presmolt rearing
Drawi ng from several sources, Pruter (1966) devised a table which showed
t he annual average coho salnon |andings in terns of pounds from 1893 to
1963. The peak |andings of coho salmon occurred between 1921 and 1930 with
an average of 6,000,000 pounds (2,722,000 kg) taken annually. Landi ngs
decreased progressively until 1956-60, when an average of only 300, 000
pounds (136,000 kg) were taken. Assuming an approximate average weight of
10 I'b (4.5 kg) per fish, coho salnon |andings were reduced from 600,000 to
30,000 fish.

Many factors together with the commercial harvest affected the
Col umbi a River coho salnon stocks. Silt-choked gravel beds and log jams in
streans from early forest harvesting reduced the spawning areas and |limted
food production during the rearing period. Low head hydroel ectric dans
inmpaired adult and juvenile mgrations directly and indirectly, whereas
sone nul tipurpose high head storage dams conpletely blocked adult spawning
mgrations. Commercial trolling and recreational ocean fishing contributed
to losses, since many imuature, sublegal fish are caught and nortally
injured before being released (Parker et al. 1959; MIne and Ball 1956).
Addi tional causes for the decline in the nunber of coho sal mon include
nmuni ci pal and i ndustri al pol l ution, pestici de usage, ni trogen
supersaturation, and hydrothermal conditions. Despite these negative
factors, the decline in coho sal mon nunbers was reversed in the early
1960s.  The run has subsequently averaged 265,000 fish [anded from 1964 to
1974, with a high of 521,000 in 1970 and a | ow of 125,000 fish in 1968.

An inmproved hatchery diet which sustained the juvenile fish until
their yearling mgration is credited as the single nost inportant factor in
the inproved coho sal mon runs. (O eaver (1969b) determ ned the benefits
from various coho hatcheries in the Colunbia River system appeared to be
well in excess of their costs. Haw and Mathews (1969) reported that the
t echnol ogi cal advances in the rearing of coho salmon resulted in returns
far exceeding the rearing capacity of the hatcheries.

Since the early 19605, the nunber of coho salnmon returning to
hat cheries has increased substantially, while their presence in selected
natural spawning tributaries has decreased according to tables prepared by
@Qinsolus and Wendl er (1975). Pollution control, restricted use of
pesticides, inproved forest harvesting techniques, updated designs for fish
passage facilities at dams, and reduction in supersatuation of dissolved
at nospheric gas in the water downstream from dans are all continuing
i mprovenents that should result in increased survival of coho sal non
However, while coho sal non have increased numerically fromtheir Low point
in the 1950s, they have not reached the magnitude of earlier runs. One
possibility for the apparent |eveling off of the coho resurgence mght be
attributed to problens encountered by smolts during their mgration to the
sea. This section presents data collected from 1966 through 1971 on
juvenile coho salmon mgrations
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Met hods

Beach seines were used to capture sanples of juvenile coho salnon in
the Colunbia River. A detailed description of the net and technique used
to make sets is given by Sins and Johnsen (1974).

Sanpling sites for the study are shown in Figure 14. The |ocations
varied during 1966 and 1967, but from 1968 through 1971, the primary site
was at Jones Beach. Sites at nearby Puget Island and Cape Horn Beach on
the Washington shore were sanpled frequently during the first 3 years of
the study (Table 15). Seining at those |ocations consistently resulted in
a smaller catch per set than at Jones Beach. Si ze range, species
conposition, and other catch characteristics were simlar at all sites

Until April 1968, the seine crew examned and recorded their catch
Beginning in My 1968, a separate crew was used to process fish and record
data. In both situations, all juvenile salnon and trout were anesthetized
with M-222 (tricaine nethanesul fonate), identified, enumerated by species,
and examned for marks; individuals from a subsanple were neasured for fork
length. Fish were held until they conpletely recovered from the anesthetic
and then were returned to the river. Use of a separate processing crew
resulted in a greater number of sets being made at a site and reduced the
time that the fish were held under stress.

Juvenile coho salnmon were also taken by purse seining in the
navi gati on channel of the river adjacent to Jones Beach (Johnsen and Sims
1973). Purse seining effort was consistent for only 2 years in the area
and for that reason little information fromthat effort is included in this
report.  Coho salnon data from purse seine catches were in agreenent with
those from the beach seine catches.

Results and Discussion
Annual and Monthly Catches

Juvenile coho salnon are abundant in the Colunbia River estuary from
md-April to early June and are present in small nunbers through the
remai nder of the year. Beach seining captured 110,421 juvenile coho
bet ween 1966 and 1971. Monthly and annual catches are presented in Table
16.  Qur largest annual catch was in 1970 when 45,146 fish were caught and
the | east was in 1967 when we took only 5,792 coho sal non. Sanpl i ng
effort, in seine sets per nonth, provides a basis for annual conparison
but caution is advised in interpreting these results. Catch alone should
not be construed as an annual index of abundance. Major considerations in
this study are the variation in seine sites in 1966 and 1967 and the
frequency of seine sets during the period of naxinun1avai|abi|it3. anth!Y
averages show that nost coho salnmon were caught in My followed by Apri
and June in that order. The large nonthly catch in August 1969 was a
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Table 15.--Sanpling effort in the upper Colunbia River estuary, April through June,

1966- 71.
Princi pal Secondary No. of Daily Sanpling Set's
sanpl i ng sanpl i ng wor k sanpl i ng days per
Year sites sites shifts period per week day
1966  West. Puget Is. West port Beach 2 0800- 1600 5 3to 10
Jones Beach
Unnamed Sand Spit
1967  West. Puget Is. East Puget Is. 2 0800- 1600 5 3to 10
Jones Beach Bradwood Beach
Vst port Beach
Wiana
Cape Horn Beach
1968  Jones Beach Vést. Puget Is. 2 (0800- 1600
until md-My) 5 9
Cape Horn Beach East. Puget Is. (0500- 1100
after md-My) 7 9
1969  Jones Beach Cape Horn Beach 1 (0800- 1600
until md-My) 5 12
(0500- 1100
after md-My) 7 12
1970  Jones Beach Cape Horn Beach 2 0500- 1200 l 24
1300- 2000
1971 Jones Beach None 1 0500- 1200 5 12
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Tahle 16.-—Regults of beach geine gampling for juvenile coho salmon in the Columbia River estua
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result of a large release of hatchery fish (subyearling coho salmon) in
late July by the Washington Departnent of Fisheries into the Colunbia River
above our sanpling site. Wth this exception, our catch records show
consistently high captures relative to expended effort in the spring of
each year, but relatively insignificant nunbers during w nter, sunmmer, and
fall.

Timing of Annual Mgration

The annual peak in the daily catch per set (CPS) of coho sal non
(averages of all seine sets in that day) occurred within a 12-day period
over the 6-year study (Fig. 15). Peak CPS occurred in the upper estuary of
the Colunbia River between 5 and 16 May of each year; 10 May nost likely
approximates the average, as all annual peaks occurred within 6 days before
or after this date.

The date of peak migration may be determned on a basis other than
CPS. Figure 16 shows daily total catches in percentages of the annual
total catch. Less than 5% of the coho salnon reached the estuary before 17
April. Each year the midpoint of the mgration was reached between 2 and
13 May. The yearling smolt mgration was 95% conpl ete between 19 and 31
May. Thus, both the daily percentage of the total CPS and the average
daily catch indicated that the annual mgration of coho salnon smolts in
the Col unbia River was compact, consistent, and conparable through the
6-year investigation.

The chronol ogical simlarity of annual peak catches in the upper
estuary is particularly interesting since many wdely separated hatcheries
and tributaries contribute to the total mgration. Fulton (1970) listed 39
Col unbia River streans and 62 of their tributaries that now have or have
had spawning runs of coho sal non. He al so reported that 78 of these
presently have spawning areas. Mre inportant nunerically are coho sal non
reared at as many as 19 different Colunbia River hatcheries, though not all
of these hatcheries produce coho sal mon every year. Considering the nunber
of diverse systems contributing to the migration, and differences in river
di scharge between years, it is remarkable that coho salmon smolt mgrations
into the estuary were so consistent in their timng.

The timing of migrations of juvenile coho salmon coincides wth
movenent reported in other wdely separate geographic areas. Shapoval ov
and Taft (1954) presented tables showing that the peak mgration of
juvenile coho salmon occurred from6 to 12 May during a 9-year study of
Waddel | Creek, California. Chanberlain (1907) reported a heavy mgration
of yearling coho salnon into seawater in May of 1903 and 1904 in
southeastern Al aska. Peck (1970) found that nost coho salnmon snolts left a
Lake Superior tributary within a week of planting on 16 and 17 May. Salo
(1955) reported the peak seaward migration of juvenile coho salnon in
Mnter Creek, a tributary of Puget Sound in Washington, occurred in early
May.
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Hartman et al. (1967) conpared timng of sockeye salnon, 0. nerka,
smolts with the latitude of their nursery areas and determ ned
phot operiodism to be an overriding stimulus for downstream mgration. Such
a relation for coho salmon snolts is not apparent because their mgration
seenms to occur at a simlar time irrespective of |atitude.

Water tenperature may be a factor that influences the timng and
novenent rate of coho smolts (Fig. 17). During the study, water
tenperatures woul d generally rise from approximately 10° C in early Apri
to 16 189 Cin late June Tenperatures at peak mgrations ranged from
11.3% ¢ (1970) to 14. 70 ¢C (1967). Water tenperatures in 1969 generally
| agged behind those in other study years; coincidently, progression of the
smolt migration in that year was somewhat later than in other years of this
study (Fig. 16). The relation of tenperature to timng of mgration
however, is not precise and can only be suggested.

No consistent relation was found between flow volune of the Col unbia

River and timng of juvenile coho salnmon (Fig. 17). In 1966, 1969, and
1971, the period of peak arrival of coho generally corresponded wth
increasing river flows. In 1967, 1968, and 1970, however, increased river

flows began after the migratory peak had passed. Recovery of marked coho
sal mon released from Cowitz Hatchery in 1969, 1970, and 1971 indicated a
variation in rate of movement of only 2 kmper day for seven separate
groups of coho salnon. It appears, therefore, that since the timng of the
coho salmon nmigration was generally consistent over the study period and
the volune of river flow was substantially different during the 6-year
investigative period, timng of the mgration is not dependent upon vol une
of river flow.

The possibility that the time of release of coho salnmon fromthe
various hatcheries influenced the time of peak migration into the estuary
also was examned. Tinming of releases fromthe 19 coho sal non hatcheries
varied oonsiderably within and between years. Mjor releases ranged from
January to May. March was the principal month for juvenile releases in
1966 and 1967, whereas the major releases from1968 to 1971 were in April
Based on recoveries at Jones Beach, early release of coho salnon fromthe
hatcheries failed to result in a correspondingly early seaward migration.
For this reason, the March to My release time suggested by Wallis (1968)
for hatchery coho salmon night be nodified to a md-April to My schedul e
if direct seaward mgration Is desired

Zaugg (1970) discussed the migratory timng of juvenile coho salnon in
several PaC|f|c hbrthmest streams and found a corresponding seasonal change
in gill Na*-K"  ATPase. He interpreted increases of Na*-K* ATPase
(in late March) as an indication of biological readiness for seawater and
decreases (July) as indicative of a loss of urge to nove seaward. The
timng data fromour catches of yearling coho salnon entering the Col unbia
River estuary are generally in agreement with this observation. However
subyearling coho salmon reared in a hatchery and released in late July also
nmoved toward the estuary in large numbers. On 28 July 1969, the Washington
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Department of Fisheries released 742,218 subyearling coho sal non at
Rainier, (Oegon, 28 km above Jones Beach. W captured 4,817 of these fish
during the followi ng few weeks (although they were not marked, individuals
fromthis group were easily identified from size and dates of recovery).
The fish averaged 80 mmin length and were from50 to 100 mm long. Since
these fish were not marked and were rel eased directly into the Col unbia
River, evaluation of adult contribution to the fisheries was not possible.

Since many hatchery rel eases of yearling coho sal nron made before
md-April apparently did not move directly and rapidly to the estuary,
their behavior during the interim period is of interest. Chapman (1962)
found that aggressive behavior caused some wild coho salnon (i.e.,
nonhatchery fish) in small streams to migrate downstreamearly.  Chapman
(1965) also noted that relatively large freshets in small streans caused
downstream novenent of wild coho salmon.  Continuance of such novement to
the estuary was not indicated at Jones Beach. We did | earn that some
hatchery reared coho sal non rel eased before May in tributary streans
downstream from Jones Beach noved upstream  Recovery of these marked fish
at Jones Beach is shown in Table 17. Unfortunately, there were no
distinctively marked fish released after 1 My bel ow Jones Beach. Jones
Beach is from 10 to 80 km upstream from the indicated release sites of the
hatcheries. No marked coho sal non were rel eased bel ow our sanpling sites
in 1966, but from 1967 through 1970 marked fish were released in the |ower
area, and upstream novenent was indicated each year. Al though coho sal non
were released in the lower estuary in 1971, no assessment was nmade since
the only fin-clip release made bel ow our site also coincided with simlarly
marked coho salmon rel eased upstream

Rat es of Movenent

Many groups of juvenile coho salnon were marked and rel eased at
various state and federal hatcheries during this study. Average rates of
novenent to the estuary based on distance traveled and tinme of release have
been determned fromthe analysis of recovery data at the Jones Beach
sanpling site (Table 18). Releases of identifiable fish ranged from about
63,000 to 742,000 fish. The largest release was the group of unmarked
subyearling coho salnmon from Lower Kalama Hatchery of the Washi ngton
Departnment of Fisheries. Their distinctive size and tine of release in
late July 1969 nade it possible to readily identify these fish upon
recovery. Recoveries of groups of narked fish ranged from5 to 4,817
i ndi vi dual s. Average travel time to Jones Beach anong the 24 specific
groups ranged from 3 to 81 days. Average rate of travel ranged from3 to
26 km per day. Rate of movenent was associated with distance travel ed.
Generally, we found that coho salnmon rel eased above Bonneville Dam noved
more rapidly than those released at sites below the dam I'n an unusual
exanple of travel rate over an extended distance, Wtty (1966) found
juvenile coho sal mon nmoved fromthe Wallowa River to Bonneville Dam (about
700 km at an average rate of 71.3 km per day.

51



Table 17.--Releases and recoveries of marked coho sal mon yearlings noving upstreamto Jones

Beach.
Km from
Hat chery and Jones Beach No. marked fish Type of
rel ease point a/ (approx. ) Rel ease date Rel eased Recover ed finclip mark?/
G ays River-VDF 75 23 April 1967 35, 068 1 DLV
G ays River-VDF 75 23 April 1967 36, 344 1 D-RV
El ochoman- WDF 75 23 April 1967 107, 227 18 AD- RM
Grays River-\WDF 20 1 January 1967 118, 365
Big O eek- CDFW 35 27 February 1968 123, 343 69
d at skani ne- COFW 80 7 March 1968 113, 316 69 AD- RM
G ays River-\VDF 75 15 April 1968 63, 150 69
El ochoman- WDF 20 16 April 1968 88, 515 69
Cat hl anet - Tr ans. 10 14 April 1969 314, 639 9 AD-LP
fromCow it z-\\DF
Bi g Creek- ODFW 35 15 April 1969 80, 957 121 AD and wire ta
Bi g Creek- CDFW 35 15 March 1970 73,920 123 AD
G ays River-WF 75 2 April 1970 232,081 123
Youngs Bay- Trans. 60 23, 29 April 1970 100, 662 13 LV
fromLittle Wite
Sal non- FWS

d \WF desi gnat es Washi ngton Departnent of Fisheries, CDFWthe Oegon Department of Fish and
Wldlife, and FWs the U S. Fish and WIdlife Service.

B AD desi gnates that the adipose fin was renmoved, D the dorsal fin, RMthe right maxillary
bone, LP left pectoral fin, LV left ventral fin, RV the right ventral fin.
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Table 18.--Rate of movement (from area of release to the Jones Beach sampling site) for various releases of marked
hatchery-reared juvenile coho salmon, 1967-71.

Km. to Rate of Average Movement

Origin of Jones Release No. No. recovery no. days to rate km/

stock Agencyi/ Beach  Mark date released recovered per 10,000 Jones Beach day
Leavenworth FWS 730 D-AD 3/1/67 200,000 5 0.25 81 9.0
Ringold Ponds WDF 490 LV-1M 3/24-27/70 80,215 6 - 0.75 22 20.0
Ice Harbor NMFS 461 BRAND 3/24-5/15/67 643,123 90 1.40 26 17.7
Ice Harbor NMFS 461 BRAND 3/28-5/1/68 505,840 152 3.00 29 15.7
Little White FWS 190 RV 5/12/70 100,367 112 11.16 12 15.8
Cascade ODFW ‘166 1/2 D-LP 4/5/71 88,000 41 4.66 36 4.6
Cascade ODFW 166 1/2 n-P 4/5/71 81,000 36 4. 44 34 4.7
Leavenworth FWS 162 D-AD-LM 3/10/68 97,000 41 4,23 53 3.1

(Trans. to Bonn. Dam)
Cascade ODFW 162 RV-RM 3/29/71 100,000 28 2.80 37 4,4

(Trans. To Tanner Cr.)
Eagle Creek FWS 140 AN 4/1/68 87,000 39 4,48 46 3.0
Sandy River ODFW 138 D-LM 2/20-24/67 171,435 19 1.11 40 3.5
Ringold Ponds WDF 132 LV-RM 4/14/70 63,293 93 14,69 5 26.4

(Trans. to Washougal)
Washougal WDF 132 RV 4/9/71 87,876 65 7.40 26 5.1
Washougal WIF 132 LV 4/9/71 87,824 47 5.35 26 5.1
Cowlitz WDF 110 AD-RV 4/14/69 335,681 308 9.18 32 3.5
Cowlitz WDF 110 AD-LV 4/15/69 348,754 422 12,10 22 5.0
Cowlitz WOF 110 AD-LV 4/6/70 285,000 428 15.02 27 4.0
Cowlitz WhF 110 AD-RV 4/6/70 326,000 527 16.17 31 3.5
Cowlitz WOF 110 AD-RP 4/1/71 303,365 63 2.08 37 3.0
Cowlitz WDF 110 AD-LP 4/1/71 266,695 117 4.39 34 3.2
Cowlitz WDF 110 D 4/1/171 302,695 89 2.94 37 3.0
Kalama WDF 6 b/ 7/28/69 742,218 4,817 64.90 7 5.1

(Trans. to Ratnier, OR)

FWS 28 AD 5/28/69 78,000 1,540 197.44 3 9.3

Abernathy

a/ Fus designates the U.S. Fish and Wildlife Service,
Marine Fisheries Service, and ODFW the Oregon Departmen

b/ Not marked but readily {dentifiable because of small size (0-age).

All other releases were yearling fish.

WDF the Washington Department of Fisheries, NMFS the National
t of Fish and Wildlife.



Time of release was another factor influencing the novenent rate.
Rel eases of a single stock of marked juvenile coho salnon nade in the
spring over a 2-month period at Ice Harbor Damin 1967 and 1968 provi ded
exanpl es of changing rates of novenent in relation to tine of release.
Subsequent recovery of these fish at Jones Beach enabl ed determ nations of
travel time. Scientists studying the effects of turbines on salnon smolts
rel eased 643,123 marked juvenile coho salmon during an 8-week period in
1967. These coho sal mon were released at various tines (Table 19) at four
sites near |ce Harbor Dam 461 km above Jones Beach. Recoveries of marked
fish indicate that the average number of days required to reach Jones Beach
decreased by 30 days fromlate March to m d- My, resu|t|ng in an increase
inrate of movement from11.5 knfday to 46.1 kniday. 2l " Therefore, the
average coho salnon released in late March at Ice Harbor Dam woul d have
arrived at Jones Beach in early May; coho salnmon released in md-April
woul d have arrived in md-My; and those released in md-My woul d have
arrived in late May. The range of the recovery period was broad for early
rel ease groups and narrow for late releases.

An additional 505,840 nmarked coho salnon were released at |ce Harbor
Dam in 1968 (Table 20). Though fewer fish were released, our beach seine
effort doubled and, as a result, nore marked fish were recovered than in
1967. The rel ease schedule in 1968 began slightly later, was interrupted
for 13 days in md-April, and was conpleted 2 weeks earlier than in 1967.
The average |ate-March rel eases appeared at Jones Beach in early My,
whereas releases in late April and early May arrived in late May.  The
range of travel time for each group was again broad for early rel eases and
narrow for late releases. (Once again, the rate of novenent to the estuary
increased as the mgratory season progressed, but in 1968 the change was
more abrupt between early and late April. The overal | average rate of
movenent decreased slightly in 1968 (15.7 km day) conpared with 1967
(17.7 km day). Conmpl etion of the John Day Damin spring 1968 i npounded
over 100 km of free-flowing river and perhaps accounted, in part, for the
apparent slower novenment of the migration in 1968. Raynmond (1968)
indicated that rate of movement of yearling chinook sal mon through MNary
Reservoir was about one-third the rate of novenent in free-flow ng reaches
of the river

Movenent of the 1967 and 1968 rel eases at Ice Harbor Damis conpared
in Figure 18. Plotting the tine of release against the average nunber of
days to reach Jones Beach for each of the groups of coho salnon indicates a
cl ose agreement between the 2 years of travel tines that apparently are a
function of time of release

2 Krem, R F., C W Long, and W M Marquette, Fishery Biologists,
Nort hwest and Al aska Fisheries Center, Coastal Zone and Estuarine Studies
Division, NWFS, NOAA Seattle, WA 98112, pers. commun. and unpubl. data.
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Table 15. Rate of movenent and recovery of marked coho sal non fingerlings released at |ce Harbor
Dam between 24 March and 15 May 1967 and subsequently recovered at Jones Beach.

Recovery
Nunber Nunber rate per Range
Rel ease of coho recovered 10, 000 of days Days to Standard Aver age
peri od released at Jones Beach  released recovered Jones Beach deviation km day
24-27 March 37,790 5 1.3 31-54 40. 2 8.4 11.5
30 March-

3 April 87,770 15 1.7 32-53 38.9 7.2 11.8
6-10 Apri l 97,051 21 2.2 20-46 32.3 7.5 14.9
14-17 April 87,295 10 1.1 23-40 31.2 5.6 14.9
21-24 April 91, 304 12 1.3 17-41 23.4 6.9 20.0
28 April -

May 89, 895 5 0.6 16- 25 19.0 3.5 24. 3

5-8 My 84,574 7 0.8 12-17 13.9 1.9 32.9
12-15 May 67, 444 15 2.2 3-13 9.7 2.7 46. 1
Total s 643,123 90 - — -

Gand avg. 1.4 26.1 17.7
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Table 20. --Rate of movenent and recovery of marked coho salnmon fingerlings released at Ice Harbor Dam
between 28 March and 1 May 1968 and subsequently recovered at Jones Beach.

Recovery
Nunber Nunber rate per Range
Rel ease of coho recovered 10, 000 of days Days to St andard Aver age
peri od released at Jones Beach released recovered Jones Beach deviation  kniday
28 March 41, 987 13 3.1 13 to 59 36.2 13.5 12.8
1 April 34,744 8 2.3 32 to 53 39.9 7.9 11.2
2 April 34,776 5 1.4 21 to 48 35.6 10.5 13.2
3 April 34, 786 4 1.1 30 to 51 39.0 9.2 11.8
4 April 34, 744 11 3.2 27 to 48 36.7 8.5 12.8
5 April 34,779 1 2.0 31 to 45 35.9 5.5 12.8
9 April 34, 789 5 1.4 36 to 45 39.2 3.8 12.5
10 April 33, 966 5 1.5 34 to 44 40. 8 4.2 11.8
23 April 62, 587 16 2.6 22 to 35 28.9 3.8 15.9
25 April 35,971 17 4.7 19 to 33 26.0 3.9 17.7
26 April 35,935 20 5.6 18 to 32 24.0 3.6 19.2
20 April 32, 344 11 3.4 21 to 25 22.7 1.6 20.0
30 April 11, 982 2 1.7 23 to 24 23.5 0.7 20.0
1 My 42, 450 28 6.6 19 to 28 21.9 1.9 21.0

Tot al 505, 840 152 -
Gand avg. 3.0 29.4 15.7
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Variation in Hourly Seine Catches

It was apparent from the sanpling at Jones Beach that coho sal non
smolts were present in greater nunbers during mdday than dawn or
dusk--there was no sanpling at night. In 1970, it was possible to assess
hourly variations in the catch from 0600 to 1930 h each day throughout the
coho salnon mgration. The coho salnmon were separated from other sal nmon
and the total averaged for each 30-mnute seine haul during the principal 3
weeks (26 April-16 May) of the outmgration (Fig. 19). During these 21
sanpling days, 34,537 coho sal non were captured, which was 76.5% of the
1970 total catch of that species. Coho salnon were the dom nant species of
salmon taken in the 3-week period, conprising 65.2% of all salnon captured
I nspection of Figure 19 indicates that coho salnon smolts were captured
most frequently between 0830 and 1430 h, and the largest catches occurred
at m dday. Sanmpl es of coho sal mon were narked and rel eased in the area
with negligible recoveries. W assume, therefore, that coho sal mon snolts
are not mlling in the area but are actively mgrating seaward during
m dday.

Fish Length in Relation to Seaward Mgration

Fork length sanples of coho salnon were taken daily and averaged for
each year from 1966 through 1971 (Fig. 20). The trend of increasing snolt
size is very likely a reflection of the changing rearing techniques at
state and federal hatcheries.

Differences in the average length of early and late mgrating coho
sal non snolts were also apparent. Larger fish (>125 mm) consistently
mgrated earlier than the smaller mgrants (Fig. 21). Shapovalov and Taft
(1954), in a 9-year study of \addell Creek, reported a simlar gradual
decrease in the average size of coho salnon mgrants as the season
progressed. Salo and Bayliff (1958), in a coho salnon |ife history study
on Mnter Creek, also found large individuals mgrating earlier than smal
fish. Apparently this characteristic is not confined to one species since
Shapoval ov and Taft noted a simlar phenonenon for juvenile steel head of a
given age class, and Hartman et al. (1967) reported that they and ot her
i nvestigators observed a tendency for larger juvenile sockeye salnon to
mgrate earlier in the season than snaller sockeye sal non.

The trend toward rel easing larger coho salnon in recent years has
resulted in earlier timng of the peak migrations as well (Fig. 21). For
exanple, fish mgrating in 1971 (mean annual fork length, 138 mm) peaked on
5 May, 10 days earlier than those migrating in 1967 (122 mm. Simlar
relations were also evident in the other years as shown in Figure 22. The
strong relation (correlation coefficient, r = 0.85) suggests that the nean
annual fork length of coho salmon is a factor in the time that they mgrate
seawar d
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Concl usi ons

1. Juvenil e coho salnmon mgrate into the upper estuary between
md-April and |ate My.

2. Arelationship exists for yearling coho sal non between their rate
of seaward noverment and the time of their release and the distance mgrated
to the estuary. Cenerally, coho salnon released in upper reaches of the
Col umbi a River system noved downstream nore rapidly than those rel eased
near our sanpling site. Aso, fingerlings released before md-April noved
at a slower rate than those released in late April or My.

3. Maxi mum catch abundance occurs around mdday (0600 to 2000 h).

4. | mprovenments in rearing technique and diet at Columbia River
hatcheries during the study period appears to have caused an increase in
average annual fork length of coho salnon snolts entering the upper
estuary; about 10% during this study.

5. Average size of mgrants characteristically increases through the
mgration period; |arger coho salnon smolts (> 125 nmfork |ength) were the
first to arrive in the upper estuary and were followed by snaller
i ndividuals (<125 ).

6. Timng of the annual peak of mgration for coho salnon varied in
association with annual mean fork length; overall average size for the
mgrating population increased through the 6 years of study, and the peak
of mgration came progressively earlier.
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SECTION |1 --SALMONI DS, 1977-1983

[ ntroduction

From 1977 through 1983, mllions of juvenile salnonids were marked and
rel eased fromsites throughout the Colunbia River basin (Fig. 23 and Table
21). From 2.3 to5.0%of the mgrating juveniles were marked each year to
evaluate cultural practices, bypass systens at dams, ocean distribution
contribution to the fisheries, and other factors. Marked fish also provided
data to conpare timng, novenent rates, physical condition, and relative
survival differences between stocks following mgration to the estuary.

The objectives of Jones Beach sanpling varied somewhat fromyear to year
dependi ng on fishery agency requirements and fish groups/stocks rel eased. The
general objectives of research from 1977 through 1983 were as follows: (1)
define variables affecting timng and novenent of juvenile salnmonids to and
through the estuary; (2) evaluate recovery rates in relation to river flow,
rel ease site, release date, cultural treatnent, physical traits of mgrants
and effects of the 18 May 1980 eruption of Munt St. Helens; (3) evaluate
trends of relative survival and relate to survival of adults; and (4) conpare
wild and hatchery fish stocks

Met hods

Sanpl i ng

From 1977 through 1983, beach and purse seines were used to sanple
juvenile salnonids at Jones Beach, (RKm 75) near Wodson, Oregon, (Fig. 24).
In sone years, additional sites were sanpled. In 1978, beach seines were used
at Sand Island (RKm 9) and Clatsop Spit (RKm 7); from 1978 to 1980 purse
sei nes were used at McGowan (RKm 16), at incidental sites throughout the
estuary, and in the Colunbia R ver ocean plume (24 kmradius of the river
mout h) .

Each year sanpling was intensive during spring and sunmer (7 h/day; 5-7
days/week); additional limted sanpling was conducted during fall and
winter. Sampl ing procedures, levels of effort, and catches of marked and
unmarked fish are |isted and sunmmarized by Dawl ey et al. (1985a and b).

Beach and purse seine sanpling and subsequent exam nation of juvenile
sal noni ds caused mechani cal injury and stress which resulted in i mediate
(0-20% and del ayed (0-5% nortality. Del ayed nortality was assessed by
retaining a random sanmpl e of about 50 fish in a net-pen for 24 h, 3 days/week
in My and June 1983 and occasionally during other years.

Weat her, river, and tidal conditions during sanpling affected catches of
juvenile sal nonids. At Jones Beach, our ability to sanple was uninpaired,;
however, sanpling efficiency changed with variations in river flow  Colunbia
River flow (neasured at Bonneville Dam by the U S. Arny Corps of Engineers,
1977-1983) varied widely within and between years (Fig. 25). During the
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Table 21.--Origins of marked juvenile salmonids captured during estuarine or

ocean sampling, 1977-1983. Footnotes identify organizations

responsible for marked fish groups.

S S L i e G e S e e T A . D S B e - e o et M T S e T S e PO S S e e S b S M e S T T D MR St [ D S S L e e = v S e e o - .

tibernathy SCIC a/
Alsea Hat, b/
Anadromous Inc. c/
Aumsville Pd, b/

Rig Creek Hat., b/
Bonneville Hat. b/
Cascade Hat. b/

Casey Pd. a/

Carson Hat, a/

Chelan Hat, d/
Chinook R. Pd, e/
Cowlitz Salmon Hat, ¢/
Cowlitz Trout Hat, d/
[tecker Flats Pd. g/
lteschutes R, b/
lexter Fd, b/

[iry Cr+ h/

Dworshak Hat. a/
Engle Crs Hat, a/
Elokomin Hat. f/
Entint Hat., d/

Gnat Cre Hat, b/
Grays R+ Hat, f/
Hagerman Hat., a/
Hayden Fd. g/

Ice Harbar D, i/

John Day I, i/

John Day R. b/

John Day Reservoir i/
Jones Beach i/

Kalama Falls Hat. f/

-t o i pn  p et 4t s . — -

b/
f/

Klaskanine Hat.
Klickitat Hat,
Kooskia Hat. o/
Leavenwarth Hat, a/
Lewis R, f/

Lewis Ry Hat, f/

Lit. Goose D. i/

Lite Wh, Sal, Hat, a/
Lo. Granite DO, i/

Lower Kalama Hat. £/
Lyons Ferry Hat. a/
Marion Fks. Hat, b/
McCnll Hat. g/

HcKenzie Hat, b/

McNary DIl i/

Naches Hat. d/

Nehalem Hat. b/

Nelson Sp. Fde h/
Niagara Springs Hat. g/
Oakridge Hat, b/

Onk Springs Hat. b/
Oregon Aqua .j/

Oxbow Hat. b/
Fahsimeroi Rearing Fd.g/
Fatterson Slough a/

Pr. Rapid Spaw. Ch. f/
Quinalt Hat. f/

Rﬂpid R. Hat, Q/

Red R+ Hat. g/

Riggins Trap i/

Ringold Rearing Fd. f/

Lane, Bldg. A., Olympin, WA 983502,

b/
c/
d/
e/
4
q/
h/

WA 98948,
i/
N4
k/
1/

OR 97103,
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Rnd,+ Butte Hat. b/
Rnd, Butte Ladder b/
Roaring River Hat, b/
Rocky Reach Dam K/

S. Santiam Hat, b/
S+FK, Klaskanine Pd., 1/
Sandy Hat., b/

Satus Cry h/

Sawtooth Hat. g/
Siletz R, b/

Skamania Hat., d/
Speelyai Hat. f/
Spring Cr, Hat.: a/
Stayton Pds, b/

The [allas I, b/ & i/
Toutle Hat, f/
Tucannon Hat. d/
Turtle Rock Pd. k/
Upper Kalama Hat, f/
Vanderveldt Pd, 1/
Villiard Slough a/
Wallowa Hat, a/

Warm Spring R, @ Hat, a/
Warm Spring R. b/
Warm Spring Trap b/
Washaugal Hat., ¢/
Wells Spaw. Ch, d/ & §/
Weyco Pd., f/
Whitebird Trap i/
Willard Hat, a/
Winthrop Hat. a/

. - i i e s e S o ot " S o e

Oregon Dept., of Fish & Wildlife, F.0, Box 3503, Fortland, OR 97208,
Anadromous Incorporated, Rt, 2 Box 2013, Deer Island, OR 97054,
Washington Dept. Game, 600 North Capital Way, Dlympia WA 98504,

Sen Resources, P.0, Box 187, Chinook, WA 98414,

Washington [lept. Fisheries, 115 General Admin. Bldg., Olympia, WA 98304,
Idaho Dept, Fish & Game, 1540 Warner Ave., Lewiston, Il 83501,
Yakima Indian Nation, Fish Resources Management, F,0. Box 151, Toppenish,

Natl, Har. Fish. Serv., 2725 Montloke EKlvd, E., Seattle, WA 98112,
Oreqon Aqua Foods Inc., 88700 Marcola Rd., Springfield, OR 97477
Chelan County P.U.Ilv, F.0, Box 1231, Wenatchee, WA 98801.

Clatsop Economic Dev. Comm., 0.5.U, Seafoods Lab., 250 34th., Astoria,
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Reiease site Rkm Release site Rkm Release site Rkm Release site Rkm
LOWER COLUMBIA R & TRIBS. 41. Port Kelly Wash 501 DESCHUTES R & TRIBS. CLEARWATER R & TRIBS.
42. Walla Walla R@Mo 507
1. Chinook R Pd 11 43. Casey Pd 516 76. Deschutes R@Mo 330 108, N Fk Clearwater R 809
2. Hammond Ore 13 44, Villiard Slough 521 77. Sherars Falls-Mo 363 109. Clear Cr 868
3. Tucker Cr 29 78. Deschutes@RM 43 395 110. S Fk Clearwater R 941
4. Stavebolt Cr 34 79. Oak Springs Hat 404 I11. Lochsa R 1026
5. Klaskanine R 37 MID COLUMBIA R & TRIBS. 80. Maupin Trap RM 50 408
6. Big Cr 49 8l. UWmSp R-Sher Fall 425 SALMON R & TRIBS.
7. Grays RORM 13 57 45. Pasco Wash 522 82. Dry Cr-Wm Sp R 446
8 1 8 46. Yakima R@Mo 539 83 Descl ARM B4 463
- Grays RER 2 6 47. Richland Wash 540 » peschures 112, Whitchird Trap 908
9. Jones Beach 75 84, Warm Spring Trap 464 113. Riggins T 959
48. Ringold Pd 568 - Rigpins Trap 5
10. Beaver Terminal 84 49. Wh Bluffs 596 85. Pelton D-Wm Sp R 473 114. Rapid R lat 967
11. Abernathy Cr 91 86. Warm Spring R 479 11 it Sal R 974
50. Vernita Brid 629 5. Lit Sa \
12, Elokomin R 94 87. Warm Spring R@Hat 485 116. S Fk Sal R 1151
5i. Pr Rapid Spaw Ch 639 .S Salmon 5
13. Rainier Ore 109 52, crab Cr 660 88. Deschutes@RM 100 489 117. Lemhi R@Mo 1219
14. Prescott Ore 115 ) 89. Beaver Cr-Wm Sp R 494 118 hi R 1294
53. Wanapum D 669 . Lemh
15. Xalama R@RM 6 127 90. Rnd Butte Ladder 503 119. Pahsi iR 1311
16. Kal RM 15 141 34. Vantage Brid 674 91. Rnd Butte Hat 506 - ransimere
. Kalama R@ $5. Rock Island D 725 ¢« ORI 120. Upper Salmon R 1446
17. Green R 160 6 K 761
18. Lewis R 163 36. Rocky Reach D 768 JOHN DAY R
19. Cowlitz ReRM 47 184 57. Turtle Rock Pd YAKIMA R
20. Cowlitz RERM S0 189 38, lcicle Cr 789
. 59. Entiat R 790 92. John Day R@Mo 349 121. Satus C 651
21. Dalton Pt 206 - Satus Lr
22. Wash 1 RERM 10 213 60. Chelan Hat 813 93. John Day R@RM 16 374 122. Dry Cr 681
23' S:s :“ia Light 219 61. Wells Spaw Ch 828 94, John Day@Spray Ore 623
2. Washouzal RORM 15 221 62. Methow R@Mo 838 95. N Fk John DGRM 60 744
ey B ok 237 63. Pateros Ferry 839 96. M Fk John D@RM 32 749 OUTSIDE COLUMBIA RIVER BASIN
26' Blw Bonn D 230 64. Methow R@RM 28 893 97. John D@Granite Cr 788
: 65. Methow R@Hat 919 123. Siletz R
27. Tanner Cr 231 SNAKE R & TRIBS. 124. Yaquina Bay
28. Sandy R 235 125. Coos Bay Ore
29. Lit Wh Sal RGRM 2 261 WILLAMETTE R & TRIBS. 98. Ice Harbor D 537
30. Lit Wh Sal RERM 5 268 99. Fishhook Park 557
31. Spring Cr Hat 269 66. Willamette Falls 207 99a. Lyons Ferr 200 YAKIMA R
32. Big Wh Rear Pd 273 67. Mollalla R 220 100, Ty R 12 630
33, Wind R 275 68. Clackamas R 247 Lol Lian it o 126. Nelson Sp Pd 734
34, The Dalles D 306 69. Tualatin R@Scogg 104 102, Tocamoe e fot 127, Nile Sp Pd 773
35. John Day D 347 70. Mill Cr 308 Loy L e D 893 128, Ellensburg 776
36. Towal Wash 351 71. S Santiam@Spt Ld 411 106' Ci ;a: e" h 742
37. Klickitat R 358 72. S Santiam@Foster 416 105' A aris gn as 754 LOWER COLUMBIA RIVER
38. Blalock Shore 375 73. N Santiam@Minto 452 Loa. Gsntan a:h R 791
39. Patterson Slough 448 74. M Fk William@Dexter 491 107' uri; o: i 940 129. Rock Cr 368
40. NcNary D 470 75. McKenzie@Leaburg 492 - Wallowa Ha 1)0. Biggs 135
171, Tongue Pt 28

132. Conf. E. Fork Lewis 146

Figure 23.--Map and 1list of release sites for marked fish in the Columbia

River system with index numbers for location.
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Figure 24.--The Colunbia R ver estuary and adjacent Pacific Ocean show ng sanpling sites.
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Figure 25.--Wekly average Colunmbia River flows for 1977, nmean of 1978-1982,
1982, and 1983; collated from data supplied by U S. Arny Corps
of Engineers, Portland, Oregon.
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period of spring outnigsations April -June, river flows in 1977 were extremely
low (2,900 to 4,400 mYsecond); ws in 1978, 1979, 1980, and 1981 were
nmoderate (averaging 4,700 to 8 900 n Isecond); and in 1982 and 1983 were high
(8,100 to 11,700 and 5,900 to 11,300 m second respectively). W eval uated
t he change relative to river flow and for certain anal yses adjusted catch data
to conpensate. Water tenperatures at Jones Beach fluctuated in a fairly
cons is tent pa ttern: during winter froml® to 5°C, during spring from6° to
17°C, and during sumrer froml8° to21°C (Dawey et al. 1985a). In the |ower
estuary (RKm 1-16) and the ocean plume, conditions encountered affected catch
efficiency and our ability to sanple. Consequently, data pertaining to
juveniles in the lower estuary and ocean were used primarily for timng and
movenent rate analyses and not for survival estinates.

Anal ysi s

Subyearling chinook sal non were predomnantly fall and summer races,
whereas yearling chinook salmon were predomnantly a spring race (Van Hyning
1973) ; they were separated for analyses and presentation. Marked fish were
classified frommark release information provided by the fishery
organi zations, whereas unmarked fish were classified on the basis of fork
length [error rates varied fromO to 4% (Dawl ey et al. 1985a)]. Jones Beach
mark recovery data were expanded to represent a standard effort of 10 beach
seine sets and 5 purse seine sets per day, 7 days per week. Details of
expansion fornula are in Daw ey et al. (1985b). Sanpling from other sites was
not adj usted.

Marked fish novement rates were calculated using distance travel ed and
time between first date of release and the 10%fish recovery or the nedian
fish recovery at Jones Beach.

Juvenile catch percentages were conpared with adult recoveries fromthe
fisheries, hatcheries, and spawning grounds. The adult recovery data include
recoveries from the fisheries, spawning surveys, and hatcheries which were
obtained from the Washington Department of Fisheries (WDF) , Oregon Departnent
of Fish and Wldlife (COFW, |Idaho Department of Fish and Game (IDFG, U S.
Fish and Wldlife Service (FW5), and the Pacific Marine Fisheries Comm ssion
(PMFC).  Conparisons between groups released at different tines or |ocations
My result in erroneous interpretations because of differences in ocean
distribution, unequal fishing, or sanpling effort,

Rel ative Surviva

To assess the statistical validity of estimated survival differences
bet ween treatnent and control groups, catch differences were evaluated in
relation to observed differences between replicate groups previously captured
at Jones Beach (Appendix Table Bl). To sinplify the evaluation, an enpirica
power of the test curve was devel oped where catch ratios (no. caught/no.
rel eased) of replicate mark groups were averaged (U); the percent difference
between this average and each individual catch ratio was then calculated (V)
and plotted versus the nunber of fish captured (X) . The curve in Figure 26
represents the 95% confidence | evel (P<O ) for the hypothesis that no
difference exists between groups.
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The enpirical nethod was used for detecting significant differences
between catch ratios for treatment and control groups. Differences were
plotted in Figure 26 to discern if they were greater than those observed
between replicate groups with simlar nunbers of recoveries at Jones Beach.

If any of the plotted points fell outside the range observed for replicate
groups, significant differences existed between the catches of treatnent and
control groups. For exanple, to evaluate the difference between two stocks of
steel head from Hagerman Hatchery rel eased in the upper Salmon River, we use
the follow ng data

Si ze No. captured
Stock (no./Ib) No. released Actual Adjusted U X Y
A 2 38, 800 84 109 0.00320 84 12
A 5 39, 100 104 142 104 13
B 4 37,600 102 119 102 1

Al data points for X and Y fall inside the range of replicate groups (Fig.
26); consequently, we conclude there was no detectable difference in surviva
to the estuary for Stocks A and B. Statistical evaluation using the G
statistic (Sokal and Rohlf 1981) provides a simlar conclusion but takes
| onger to calculate and in some instances may provide erroneous conclusions
because no adjustnent for sanpling effort is included. The enpirical
eval uation accounts for variation (including randon) that has affected
previous sanpling; consequently, it provides a more precise evaluation (Efron
and Mrris 1975).

Assessnents of statistical differences among adult recoveries from mark
groups were nmade using the Gstatistic at P < 0.05 rejection of the nul
hypot hesis (no difference).

Rel ative survival estimates for mark groups given various treatments were
made by conparing catch percentages of control and treatnment groups by the
follow ng fornula

(% catch treatnent - % catch control) x 100 = % difference
% catch control In surviva

Results. and D scussion

Numbers of marked and unmarked fish captured during estuary sampling
varied froma high of 370,000 in 1977 of to a low of 170,000 in 1980 (Fig.
27). The variation was related to nunbers of juveniles released fromculture
facilities, sanpling effort, and river flow which may have altered catch
efficiency. In 1980, decreased catches also resulted fromthe effects of the
18 May eruption of Munt St. Helens.
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Empirical Power of Test Curve

Replicate groups METHOD FOR CALCULATI NG PO NTS

1977-1983
70 A = Adjusted no.of catch per mark group
R = No. released per mark group
i = Individual mark group
n = No. of replicate groups in comparison
60 n
A0P =7
' i=]1 i
- n
50
&\ PDE
> L i =i i
- L * - A,
§ 40 g .\ Y_ 'RL - U
& - i X 100
& E .- I
b+ t\:‘ s A Y
e L X = Actual catch no. per mark group
a
N
; Pk
bt N \&‘;‘_
s ".. * P )
1
100 200 300 400

Fish captured per group (number)

Figure 26.--Enmpirical power of the test curve devel oped by conparing
di fferences between catch percentages for replicate mark
groups to nunber caught. * = treatment groups from exanple
in text
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SMOLT CATCHES FROM COLUMBIA RIVER ESTUARY
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Figure 27.--Nunbers of marked (darkened area) and unmarked sal moni ds
captured at Jones Beach, 1977-1983. Percentage of marked
fish in total catch is shown in parenthesis.
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Mgrational Timng

Mgration patterns of juvenile salnonids into the estuary, depicted by
catch per set (CPS) averages, were simlar between years. Few fish were
captured in January and February (less than 10 fish captured per set). A
smal | CPS peak of yearling and subyearling chinook salnon (25 to 95) occurred
in March followed by a decline in early to md-April. Steadily increasing
nunbers of yearling and subyearling chinook salmon, coho salnon, and steel head
occurred after md-April with peak catches in My and early June (100 to
200 CPS for yearlings and up to 1,000 CPS for subyearlings). Yearling fish
catches declined rapidly during June to | ess than 10 CPS by early July and
al most none were captured through the end of the year. Variable nunbers of
subyearling fish were captured in July and August (25 to 350 CPS) , catches
then declined in Septenmber (15 to 75 CPS) . Small peaks of subyearling chinook
sal mon were recorded in Novermber (10 to 40 CPS) and decreased in Decenber
(less than 5 CPS) . The catch per set pattern of 1983 (Fig. 28) depicts a
mgration pattern simlar to nost years; catch patterns for other years are
presented in Dawl ey et al. (1985a).

Spring and Summer M grations .--In general , timng for upriver stocks
mgrating through reservoirs and past dams is char _ terized in reports by Sins
et al. (1978-1983) and by the Water Budget Center.3/ At Jones Beach, peaks of
mgration for yearling chinook salnon, coho salnon, and steel head were
generally in the latter part of May (Table 22); subyearling chinook sal non
showed a wider variation of mgration pattern than yearlings, but generally
the peaks were directly related to release dates of major hatcheries and river
flow

Fall and Wnter Mgrations.--Attenpts to decrease rearing costs and/or
increase adult returns pronpted renewed efforts in the 1970s and 1980s to
determne the effects of releasing salmonids during fall (Smth 1979a; Hansen
et al. 1979). Prelimnary recoveries of adults indicated benefits in sone
instances (Smth and Zakel 1981) and none in others (Hansen 1982).
Researchers were concerned that sone of the fall released juveniles would
overwinter in tributaries and conpete with wild stocks. Cbservations
denonstrating residualism were made at the Pelton Ladder on the Deschutes
River (Hart et al. 1980) and at Jones Beach (Dawl ey et al. 1978).

At Jones Beach, sanpling was extended into the fall, wnter, and early
spring of 1978-79, 1981-82, and 1982-83 to examne the timng and mgration
success of fall released fish. Mst fish released in the fall mgrated past
Jones Beach before 15 Decenber; the remainder passed primarily in late
February, March, and April (Table 23). Large portions of a few groups,
however , wi ntered upstream from Jones Beach and mgrated during the spring.
In 1982-83 when the effort at Jones Beach was substantial throughout nost of

3/ vater Budget Center, 2705 E Burnside, Suite 213, Portland, OR 97214.
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Table 22.--Dates of mgrational peaks for juvenile salnonids at Jones Beach
indicating mgrational overlap, 1977-1983.

Week of peak mgation &/
Chi nook sal non , Coho

Year Subyear! | ng Year | | ngY sal m)nQ/ St eel head¢/
1977 21-27 May -

1978 11-17 June 7-13 May 14-20 May 14-20 May
1979 2-8 July 14-20 May 28 May-3 June 14-20 May
1980 11-17 June 7-13 My 14-20 May 7-13 My

1981 6-10 June 7-13 May 14-20 May 7-13 My

1982 11-17 June 21-27 May 21-27 May 21-27 May
1983 4-10 June 14-20 May 21-27 May 21-27 My

al Fromthe date of median fish recovery; not adjusted for river flow
b Tining based on beach seine catches.
d  Tining based on purse seine catches.
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Table 23.--Catches of marked juvenile chinook salmon at Jones Beach (RKm 75)
released in fall and late summer 1977-1983.

Relegse_information o/ Recovery_inforsation
Fal o Winter/apring

Tu? . Tresteent  No. fea '_c'okﬁ%ﬁ Date 4/ _EQEMJT Date ¢/
(hg,D1,02) Source Site stock  (thou) Date b/ (nn./lb) code (no.)(nos) 1 range (no.)lno.) 1 rangé
--------------------------------- 1977 @/ = = = === === emc e caceee i em oo
83/172/15  Cowlitz @ Hat, ) 844 285e77 12 ] [} 0 -— 1 10,002 (29"
09/16/27  S.Sentioa @ Hat. 28,7 07N77 13 F; .0 3 B - g g 0.%00 11 #p-02 My
0918728 S.Santiae @ Hat. %3 oR7 U B 0 0 8 — b b0 mm

129 P - - - 1 1 0.005
09/16/30. S.Sonties @ Hat, 84,5 08No77 1 B [ 0 - 7 13 0015 27 Mr-28

1-32 4 - - - 8 12 0,014
--------------------------------- L7 T
07/14/3  Bomeville @ Born. Tue 887 078 13 I8 93 QU006 Ne-12De 10 B 0.032 N He-124p
07/14/58 DBonmeville @ Bonn,  Bright 89,7 30078 22 B2 79 0,089 04 No~17 No 10 44 0,049 15 Fe-03 Ny
07/16/26,_ Bonneville & Mill Cr. 150.8 8% N0 78 23 E (? 3§ ::(E:: 13 De 12 gg O:gﬂ 03 Hr-04 My
07/17/37  Dexter 2 Dexter  Tule 23,0 07 No 78 7 B 0 0 0 27 M-05De 0 0 0 22 #r-05 Ap
$3/17/47 K. Falls 2 Hat, 140.9 15578 34 : 101] 3633 3:5211 20 Se-08 No g 112 8:3?2 02 Ap-21 fAp
05/03/52, Lewis ® Lewis  F.Chin, 108.2 01 No 78 39 : 1? 13 0. 85 12 De 2 3.'? 0,032 13 Fe-04 Ap
O7Iil:75;2574 Merion FKS @ Minto  Carson 7.9 0WN78 23 : g 8 8 - 8 8 8 28 Me-11 Jn
07/17/38 Ookridge B Dexter 4.0 074 78 8 I:l: 92 1§ °.§“ 04-05 De ‘g 31’2 g:gll 29 Hr-30 Mr
07/17/3%  Ookridge @ Dexter 289 07N78 15 % % 8 8 — % g 0:022 18 ¥r~18 Ap
07/17/40  Dokridge 2 Dexter 294 07N78 25 'P % g g - i Ii 0:012 04 Ap-01 Hy
10/03/28  Red R. SFK Clearwater 37,0 20578 34 % % 8 g - 2 g 0.0 03 My-06 Jn
07/%9/"6, S.Sontiam @ Hat, Willies 83,4 07 o 78 8 % 03 23 o'g g Sg 0..035 27 Fe-02 Ny
07/19/29  S.Sentiom Blw.Willoea Fall 5.4 07 No 78 8 B 1 15 0.046 10 No-05 De 5 10 0.015 04 Ap-30 #p

t 30 . 4 5 % 0.078 5§ 7 0
--------------------------------- 19796/ = == === "= e et e e cmc e
07/17/35 Bonneville @ Hat. Brights 51,2 20 N0 79 12 B - - - — A4 7 0,013 23 My-17 Hy
07/19/14  Bonneville @ Het. Tule 48.7 W0 No 79 9 : - - - - % 1.% 8:3:0’»:15 09-30 Wr
£3/19/42 Coulitz @ Hat. 24 16079 85 E : : - - § zg 0.015 0F Mr-23 Ap
83/19/51  Coulitz # Hat, 78 160077 B85 ) % S - — g 215 0.194 11 Mr-05 My
07/20/49  HKcKenzie # Lenburg b 09N 79 ] g - - - ‘l, % 0. 009 27 Hr
07/20/50  McKenzie 8 Lenburg 8.4 0% M0 79 7 % D - - { 3 8:%(1,4 11 Hr-15 Ap
07/20/52  HKcKenzie @ Lenburg BBE 9N 15 % - - - - ‘3) % 0.%22 19 Hr-30 Ap
63/19/20  Lewis Speelyai 51,7 05579 28 % 18_ Bl_ 0.1_56 11-25 Se 3 % 0.%04 27 hp
07/20/47  (Oakridge 2 Dexter large 313 05 No 79 9 % -t - % : % 0.%11 24 Mr-02 Ap
07/20/45  Oakridge @ Dexter  Ungraded 30,9 05 No 79 14 % - - - g 73 0:022 A N2 M
07720743 Gokridge 2 Dexter Mediue 31,3 05 No 79 16 % - - - ; 112 0:032 12 Wr-09 Ap
07/20/41  Oakridge 2 Dexter Small 30,8 05MNo 79 29 ; . - - ‘2’ % 0'%14 18 Nr-25 ¥r
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Table 23.--continued.

07/19/43  Oakridge 2 Foster 320 787 9 BP - - - - : 9l g.%%g 26 Mr-29 My
07/19/44  Oakvidge @ Blw.Will.Fall 48 WBN7? 10 % - - - --- g ; g:%ég 02 Ap-04 Ap
10/21/12  Red Rive @ S.FK.Clearwater 438 2%-75e79 27 l‘l, - - - -—- % }’ g:%gg 03 Hy-08 Jn
07/20/20- S.Sentiom @ Foster 1020 SéMN7? 9 % - - - - 2 g o'go 8 14 Ap-22 Ap
07/20/18% S5.Santiem @ Blu.Will.Fall 9.8 S-6M7 9 B - - - —_ 3 9 0.013 19 Mr-18 Ap
19 4 - - - 2 6 0,009
--------------------------------- 1980 f/ - ---~----c~cmcmr e s s mm e c e - -
07/17/34  Bonn. Hat. @ Hat. Brigts 51.3 05 No 80 14 % - - - - % 40 0.%07 18 Mr
07/22/47% Marion Fks @ Ninte Carson 1000 05No 80 20 B - - - - 0 0 0 11 Ap-23 My
48 P - - - ? 18 0.018
07/22/18  McKenzie @ Leaburg 32,4 SM8 11 % - - - - (l) g 0 %06 31 He-01 fp
07/22/21  HcKenzie @ Leaburg 379 05N B0 15 l; - - - - (4) g 0.324 06 Ap-21 Ap
07/23/06 Dakridge H. @ Dexter 30,1 S46MN 80 28 % - - - -— (1) % 0.%06 31 Mr
07/22/24  Dakridge H, @ Dexter 2.4 TéM0 B0 1 % - - - —- g g 0.%06 31 Hr
10/21/27 Red Rs @ S.FK.Clearwater 49,5 14880 25 BP - - - - 2 g 0'817 05 Hy-05 Jn
05/08/20% Waras Spr. Hat. @ Hat. 54.7 01 No B0 9 B - - - -—- 0 0 '0 13 Ap-01 My
2 4 - - - 2 4 0,007
--------------------------------- 1981 g/~ ~= - == ==+ == "= %% @& D& e
07/21/38% Bonn. Hat. @ Hat. Tele 1016 09 o 81 10 B - - - 11-18N 0 O 0 07 Hr-07 Ap
P 8 42 0.041 9 41 0,040
07/21/41 Bonn, Hat. B Hat. Brights 100.5 09 ho 81 10 B - - - 11-13N ¢ 0 0 25-29M4r
42 (NcKen. Stk.) P 6 11 0,013 2 11 0011
07,22,37  Dexter 2 Dexter Ungraded 29,4 05 No 81 4 B -~ - 16 N0-03Ded O 0 28 -294r
) P 12 85 0.4%4 i 3 o1
07/25/23, Marion Fks., @ Minto 92,3 03I No BT 24 B - - - -— 0 0 0 25 Ap-23 My
29 P 9 0 [ 7 9 0010
07/22/23  KcKenzie @ Leaburg  Ungraded 31.1 05 No Bl 8 R - - - 16-30No 0 O 0 -
F 9 42 0,13 0 0 0
07/25/17  KcKenzie @ Leaburq Large 3.1 05 Mo 81 5 B - - - 16-19No 0 O 0 --
P 11 4 0.1 0 0 0
07/25/19  McKenzie @ Leaburg Mediup 05 N0 81 18 B - - - —- ¢ 0 0 28-29Hr
(Oakridge StK.) P 0 0 0 2 7 0.08
07/24/18  Ookridge @ Dexter Large 31,7 05 No Bl 6 )} - - - B-M 0 0 0 -
P 3 16 0.08t 9 0 0
07/23/08  Oakridge @ Dexter Ungraded 29.7 05 Ne 81 9 % B 6 5 - % 1% %%él»g 12 Mr-01 Ap.
07/24/23  Oakridge @ Dexter Medius 31,7 05 N0 81 19 B - - - - 9 0 0 14 M-03 hp
[4 0 0 0 3 13 0.041
07/23/47 Rd. Butte Hat. @ Hat. 4,2 05 0c 81 [ B - - ~ 26 No-03Tle 0 0 0 -
P 2 13 0.028 ¢ 0 0
07/23/49  Rd. Butte Hat. @ Hat, 2.9 05081 11 B - - - ——- ¢ 0 0 05 My
4 0 0 0 1 1t 0.004
--------------------------------- L Y e I e I I T I S
07/23/63 Bonn. Hat, @ Hat, Tule/Well 45,9 0Ot No B2 11 : 115 236 0.922 - 4 8 0,018 13 -29 Ar
4 9 0,020 o 0 0
07/25/46  Bonn, Hat, @ Hat. Tule/Tanner 51,6 01 No 82 12 PB 1103 22‘7 3'39‘ -=- g g o.glo 27 Ja-08 Nr
07/25/48 Bonn, Hat, @ Hat., Bright/Well 50.7 01 Ne B2 |2 ;? 987 2{);7 g'.(g?z -—— g g 0.804 17 Fe-43 Hr
07/25/45 Bonn. Hat. @ Hat. Brighi/Tanner 48,4 Q1 No 82 12 F? 1934 222é3 3..&415 - g 3 g -
05/09/52% Cowlitz Hat. @ Big White 2959 2ANo82 30 B 2 0..0‘61 -—- 7 17 0,006 27 Ja-05 My
53y RA PI 1,2,4 P 3 0,002 3 8 0.002
63/24/50% Cowlitz Hat, @ Hat, 59,3 01Se82 30 )] 8 0,029 03 No-19 No 7 12 0.020 28 Jo-22 #p
2603 P 0 [ 1 3 0.005
LDSU3  Dworshak Hat. @ Hat. 28,0 16De82 12 B 9 0 -— 0 ¢ 0 24 Nr-05 My
P 0 1] S 9 0.032
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Table 23.--continued.

07725/
07/21/19
07717721
07/27/15
07/25/20

83/26/710
10713720
10/13/24
10/13/22
10/13/23
07/28/43
07/28/37
83722159
63/22/39
63/22/38

McKenzie Het. ® Leaburg Ungraded 32.3 08 No 82 11 B ¢ 0 0 26 No 7 9 0.029 11 Mr
NcKenzie Hat. @ Leaburg Lorge 320 08K B2 7 B 3 3 00 0 Ne10De § 1 0.035 26 Ja-t0 He
Kkenzie et @ Leaburg Medin 39 08 Ke 82 16 3 3 3 oMo 3 15 04a5 12-28Hr
Rnds Butie Hat. @ Hat. Nom.lncu, 56,2 110c 82 24 AR R SO T B sl I M
nd. Butte ot # ot Fostuncus 208 100c82 6 B 8 0 G ObN-10De 0 § o  —
P2 4 0.0 o 0 o
--------------------------------- 1983 I/ = - = === mmmmmamemeemeemeaeamaaoon-
Coulitz Hat & fFat. FoChin. 1464 02H083 20 B 23 177 G2104-18M - = - -
Fagle Cro habo @ Hat,  Stress 364 77080 9§ 3 3 000 02Ne2Me - - - —_—
Gogle [ b, O Hote  Cantral 366 170c83 8 B b 3 0000410 Mo-liNe - - - -
Fogle Cr. Hat. @ Hat.  Cotrol 358 1208 8 B L 2 0.0 0B Ho22Mo - - - -
agle Cr. ot Hat,  Cotrol 385 77083 9 3 5 8 0 @2 Me22Me - - - -
odutte ot @ at, Kormncube 5.6 050c83 14 B 4 3 0008 10k - - - -
Madubutie bats @ Hobo Fast Tocub. 78,2 06 0c 83 6 B 3 13 0.0 M k-07No - - - -
Vashougal Hat. @ Hat. F. Chine 1012 31 M 83 28 bouof 2 0B osseoso - - - -
Voshougal Hot. @ Hate  Fo Chine 1006 11083 25§ 35 307 005 16 Gc-s Mo - - - -
Washougad Hat. @ Hat. Fu Chin, 1003 02 No 83 22 l: 3‘1: 4135 %.'4342 %6-15N - - - -

a/ Only groups with recoveries a

t Jones Beach are listed.

available from Dawley et al. 1985b or releasing agency Table 1.

wire tags:

wire tags begin with WH and each tw

are represented by the following:

Rot=Rotation of symbol.

et al. 1985b.

Bright=Stock of fall chino
residence in fresh water,

Incu=Incubation, K=Kalama, Large
Medium=Fish selected for medium size, Rd=Round, R=River, S=Sou
selected for smallest size, Spr=Springs, Stk=Stock,
water, Tule=Lower river stock of fall chinook salmon,
Well=Reared in well water, Willam=Willamette, and @=Released at.

size,

b/ Two letter abbreviation f

For abbreviations, symbol
Abbreviations are listed:

represent September through June.

Ag=Agency .ode, D!=Data 1 code, and D2=Data 2 code.
o digits thereafter represent a color.
Loc=Location on fish, Sym=Brand symbol, and

, and descriptions see Dawley
Blw=downstream of, Bonn=Bonneville,

ok salmon which changes color only after extended

F. Chin=Fall chinook salmon, Fk=Forks, Hat=Hatchery,
=Fish selected for largest size, McKen=McKenzie,
th, Small=Fish
Tanner=Reared in Tanner Creek
Ungraded=No selection for

More complete information

Binary coded
Color coded

Brands

or months Se, Oc, No, De, Ja, Fe, Mr, Ap, My, Jn

h/

B = beach seine and P = purse seine.

Range of dates for beach and purse seine recoveries combined.
No purse (low B effort).

No fall and winter sampling.

No fall and winter beach seine.

No winter and spring sampling.
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Figure 28. --\Wekly catch per set averages for subyearling chinook, yearling

chi nook, coho,

and purse seines at Jones Beach, 1983.
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the year, catch data indicated that nearly 50%of the fall released spring
chinook salnon from the Big é/\hite Rearing Faci Iity4/; the Cowlitz, Round
Butte, and McKenzie Hatcheries?/ and all fish from the Dworshak National Fish
Hat chery 6/ overwintered in the river in 1982-83 then migrated in the spring
of 1983. The smaller fish of nmost stocks showed the greatest tendency to
residual ize.

Movenent Rat es

Raynond (1979) related increased river flowto faster novenent rates and
hi gher survival of juvenile salnonids mgrating through the Snake and Col unbia
Rivers to The Dal |l es Dam He al so |inked decreased river flows to slow
nmoverment rate and |ow survival.

At Jones Beach, observa tions of novenent rates and dates of passage for
i ndi vidual mark groups indicate that nmovenent rates of |ower river hatchery-
reared subyearling chinook salnon were strongly correlated with river flow,
but novement rates of subyearling chinook salnon and yearling sal nonids
mgrating downstream from McNary Dam were not well correlated with river
flow A rel ationship between novenent rate and adult survival was not
attainabl e because of the diversity of the fish groups exam ned.

Annual averages for novenment rates of each species during mgration from
rel ease sites to Jones Beach ranged from7 to 36 kmday (Table 24). Mvenent
rates of individual tag groups ranged from1 to 80 kni day. The fastest
movenents fromrel ease site to Jones Beach were measured for groups of
steel head captured and tagged at Lower Ganite, Little Goose, and McNary Dans
and subsequently transported to various release sites downstream from
Bonneville Dam (Park et al. 1984). The slowest movenent rates resulted from
(1) individuals that resided in the Columbia River or its tributaries
overwinter and mgrated in the spring; (2) yearling chinook salnon released in
March and April; and (3) groups of fall chinook salnon rel eased at a small
size (100 1b or greater) during May, June, and July.

Little or no cessation of mgration was observed for juvenile sal nonids
in the Columbia River estuary which is substantially different from
observations fromestuaries of smaller northwest rivers (Reimers 1973; Bottom
1981; and Heal ey 1980). The average novenent rates of subyearling chi nook
sal ron decreased 30% between Jones Beach (RKm 75) and McGowan (RKm 16)
conpared to the average rate from upstreamrelease sites to Jones Beach.
Mvement ra tes of yearling chinook salnon, coho salnon, and s teel head through
the estuary conpared to rates to the estuary showed no difference, a 40%
increase, and a 50% increase, respectively (Table 24). The period of capture
for individual mark groups at MGowan was generally equal to, or shorter than,
the duration observed for the same groups at Jones Beach. Simlar dates of
recovery were no ted for marked fish captured in the beach seine at Sand Island

.‘5‘./ Fisheries Assistance Ofice, USFW5 Vancouver, WA 98665; pers. conmun.
2 E M Smth, OOFW 3150 E. Main St., Springfield, OR 97477; pers. comun.
8 1. C Bj oom, Co-op Fish Res. Unit, Mscow, |D 83843, pers. comun.
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Tabl e 24.--Annual average and range of novenent rates for selected groups of narked
juvenile salmon and steelhead from release site to Jones Beach, from
Jones Beach to the lower estuary, from Jones Beach to the ocean pl une,
1977-1983.

Release Site to Jones Beach (RKm 75)21 R 75 to RKm 162 RKm 75 to Fume 9
1977 1978 _ 1979 _ 1980 1981 _ 1982 1983 1978 _ 1979 _ 1980 1978__1979__ 1980

Subyearling chinook salnon

Average  (kmiday) 7 16 21 19 18 16 22 4 115 6 10 2
Range(km/day) 2-27 5-39 2-48 2-48 4-32 2-41 4-31 2-59 |59 2->59 120 150 1-99
No. mark group 10 13 14 10 12 12 3 14 9 33 23 3 26

Y earling chinook salmon

Average(km/day) 20 17 23 20 16 18 5 5 N8 1 5 13

Range (km/day) 6-35 5-37 7-44 9-46 8-25 10-24 8-59 6-59 5>59 - 1113 168

No mark group 11 13 100 7 9 5 8 5 3B 1 10 18
Coho sAmon

Average(km/day) % 20 18 23 14 17 26 22 28 25 1

Range(km/day) 6-26 7-57 837 7-53 5-25 7-29 16-59 12-59 20-30 - 2-44

No, mark group 6 8 7 5 8 7 4 3 8 0 1 12
Steelhead

Average (km/day) 21 32 29 34 36 35 44 - 43 2

Range(km/day) 3-39 1061 12-43 1852 26-45 27-53 3159 - 20->59 - 1-62

No. mark group 7 6 4 3 3 5 3 0 24 0O 0 10

@ Maked groups representing large releases (>100,000) and released at similar sites 1977-1983, Not al groups
used asindicies were represented all years; severa groups are missing for steelhead in 1982 and yearling
and subyearling chinook in 1983,
= Average from mark groups captured in substantial numbers in 1978 and 1979 but al groups weighted by catch for
1980; calculated using dates of median fish recapture excluding groups which passed in periods with low effort.
d Average for dl groups recaptured in the ocean, calculated from date of 1st recapture in the ocean within 24 km
of the river mouth.
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(RKm 7) and Clatsop Spit (RKm 9) as were observed fromthe purse seine at
M Gowan. The dates of capture at MGowan closely represent the dates of
mgration through the es tuary into narine waters . Movement patterns for
groups released directly into the estuary were not eval uated.

The grand average noverent rate from Jones Beach to ocean sanpling sites
for all mark groups of subyearling chinook sal mon observed from 1978 to 1980
was 7% slower than the grand average novenent rate through the estuary,
1978-80.  The estimated moverment rates for individual mark groups from Jones
Reach to seawater were of ten affected by |ow sanpling effort and catch rates
in the ocean. Marked fish fromother sal monid groups were rarely captured in
the plume area; consequent |y, nmovenent rate cal culations were not
neaningf ull .  Data for mark groups are listed in Dawey et al. (1985b).

There is a large data base available describing nmovement rates for the
various species mgrating to Jones Beach. Intraspecies differences were
better defined by separating stocks rel eased upstream from John Day Dam from
t hose rel eased downstream fromthe dam (RKm 347).

St ocks Downstream from John Day Dam--In 1977, bel ow average flows
apparently caused decreased novenent rates which increased the duration of
mgrations be tween release site and Jones Beach. For exanple, the mgration
period (total days fromdate of release to date of median catch) for marked
groups of subyearling chinook salnon captured in August 1977 averaged 170%
greater than the longest mgration period observed for each group from 1978
through 1983 (Table 25); average river flows during August 1977 were 21%1 ess
than the least flow during August 1978-1983 (Dawl ey et al. 1985bh).

In 1982 and 1983, above average river flows produced significantly higher
movenment rates of subyearling chinook salmon (P<OQ, t = 2.87 at 74 df; Table
25) than near normal flows during 1978-1981.

During normal and high flow years from 1966 to 1972, we found that
subyear!| ing chinook salnon which mgrated the greatest distance noved the
fastest (Section |). Data from 1978 to 1983 confirmthis; however, in 1977,
when river flow was bel ow average, the marked group that mgrated the farthest
(fall chinook salnon from Klickitat Hatchery-283 km displayed the |ongest
mgration period and had a very slow noverment rate (4 kniday)--apparently
related to the exceptionally low river flow

Four factors appear correlated with increased novement rate fromrel ease
site to Jones Beach for marked subyearling chinook sal mon rel eased at sites
dovmstreamfrom John Day Dam size, distance of mgration, river flow, and
Nat-K* ATPase enzyne levels in the bl ood (Zaugg 1981). To elimnate effects
on novenment rate resul t|ng fromvar| ability in the stage of smo|t|f|ca tion, as
i ndi cated by bl ood Nat-KtATPase, without using actual Nat-KtATPase val ues
(necessary because data were available for a few marked groups only), we
cal cul ated nmovement rates based on timng of the first 10% of the mgrants
captured, assumng that those rates represented highly snmolted fish.

Multiple linear regression of novenment rates for the tenth percentile

fish. recovery (Table 25), with size, distance traveled, and river flow for
| ower river subyearling chinook salnmon provided the relationship:
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Table ‘25 .—H8elease infornation and Jases Deach recevery isfermation for sarked subyearling chinesk salsow grawps wsed im correlatio
malyses of sovenswt rate, and catch percent to variables of fish size, recovery date, river flow, and spill voluse, 1977-1983.

Belease isfornation

River
Tag &/ Sovesest flowd Flow _ Flom 3 Bowneville Bae
(A, 01,02 Recavery dates ¢f  Rate &/ Jores  adjest. Total 3 Total 3 Seill:
rand —___Site Size 10th peroent 50th percest _(im/day) Recovery Beach recov. 10X rec 6L rec tstal
{Ler Sym ol destrigtion (R} (ao/18) 82,00} tjud} (da,me,yr) Gl LGN (SOL4 dand (2} dkcesied (D} €7 dbces)  dkues) catie ¢/
Shernathy Salesn Cultural Sevelepesat Tevter b/

[ e 1) fatchery 124 mn 12 1. . 7.2 .19 - 4.5 -
a5 - ” “ e B » .03 .2 2813 - 6.3 -
23/ * L | 3 o 1% % o0m 9.7 Al - 6.2 -
[T T ] . n % mre a7 & 8119 T W - 1.4 -
(YT - n i iawee 137 18 00N T o0 - [ % ] -
G0N . L » 1emavee 137 42 0.8 T4 0.3 - .8 -
[T LR ] . i 5 imRvEE 120 5% 0 7.9 m - .9 -
05/1/N, N * ” b umm 1 1128 0.109 110 .M - 19.¢ -

fuesville / Stayton Rearing Ponds
0¥/16712,13  Will. Falls 288 ™OOmMY 12 WY? 13 4 T XY L.t A A Lo 3.7 -
97717108, 19 . e « SNM 1T 27R 143 19 13 % 2453 4.3 P 7.3 7.3 -
07/18/41 Vari.sites #ill.%. 2A (Y v L3y 8 .49 4.1 be - [ R} -
07/120/3% . . I ] "8 1M 57 0037 7.4 H.0F - 6.8 -
0723135 . b1 75 1Tt 137 W 0.082 4.7 D.0B0 - 4. -
126162 . [} ] 1z 1 204 0.081 1.9 0.108 - 7.9 -
07/23178,3- . A n 150z i35 .69 N2 0.eW - 8.9 -

Benseville Matchery—Early Release
09716405 Hatchery 231 (LT I AT e 4 B T 047007 4.3 8370 3.7 7 -
/1608 * il » oY 126 MY 1 T2 B 18 AW LT .S 6.2 7.4 -
0112115 . m 7S MR 1D el 12 77 2 1M 1A T W £.9 5.9 -
e 1Y . il oW R T w2 12 R O 42 oM et i 7.8 8.7 -
URRS ¥ £,2  ¢s Duen. Ban 203 80 2JrR @ Y2 121 32 B ™M 4.3 WO Lt 7.8 8.7 -
07126143 Unatilla &, &7 ” 1mve2 6l 137 .13 10.2 0.1% - 9.2 -
1IN 3N fatchery 281 " TAY 127 WA 17T 0 W @7 T A Al 8.3 3.3 -

Sennevilie Matchery-—-Liate felease
/18742 Natchery 231 - e 193 oY o 1.4 - .2 -
121757 ° i ™" I 13 53 S 0.085 V.0 0699 8.2 8.2 -
[1/riiz.] . pail 8 1Y I3 20MvBL 141 27 19 W7 D092 1.7 6.0%7 [ % 6.6 -
e . m » 1nmEz 154 182 0.192 110 0.257 - 1.9 -
nian Vermita br. &% 1 120083 1™ 4 0.9M 8.5 0.678 - 5.7 -

Comlitz Salaow Matchery
(A1 1] 2] fatchery 1899 133 3BRIM {1 UQDHLTR 12 13 0§ 31 O.M7 &8 CAD b4 4.4 -
a1vae . " 515 Ot DB A4 7 Y 7B £.373 A4 0.5 .4 3.3 -
s . 1" n STULB 18 195 0.248 7.8 D245 - 1.2 -
$Inise * 18 | ) PR 2 MBI 18 T3 15 4 0.3 T8 0.3W 8.2 1.2 -
37082 . b ” pLY T T} - $28 0383 A7 0.4 - B.? -
8370732 ¢ 199 » GML 169 noMBUR2 W7 % 4 1% 0.5% 6 0.508 10.4 4.2 -
$3/75103 * e n SINET (&7 522 0.493 7.2 0.5 - 8.3 -
Hapersan datrhery

oSN ds o, ba 2M N O I W ISt 2 15 T4 077 b 1A kX 4.8 -
[-TL P ] fsetia ™ ” 278 183 3 0010 4.2 0.008 - .7 -
(117 ] ds Jom. Saa 7V » 1SN0 16t 3 0084 3.7 0840 - 3.4 -
o Msatin ™ ) e 17e 6 0021 %4 0.0 - 8.3 -
want ¢s Pova. Sa 7R k1 SiM 156 THMBY IS8 20 16 67 0.172 1.4 0AWT 11.1 1.1 -
16/22/10 Le. Sramite Res. 4§99 " W82 167 A 0.0t 10.%  0.081 - 0.9 -
©nus * (3, n 282 1 119 6,137 12.2 0.784 - 1.5 -
€6/10/22 #sotin ™ k1) Mine2 19 M 0,156 12.2 528 - 10.s -
10Z53/15 Clear Creek B8 F-] OMAEY 187 27 A 7.2 0.203 - 4.3 -
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Table 25.-—cont.

Release_information
River
Tag o/ Nevesent flmd Flow _ Flow 3 Dosmeville haa__
(hy,01,02) Recevery dates ¢/ Rate &/ deses  adjest. Total 3 Total ¥ Spill:
Brand Site b/ Size 10th percest 50th peveest _(fa/day}  Recevery Deack  recov. 101 rec SO rec total
{Loc Sym Rat) description (REkm) Ine/Ib) lda,se}(jel) (ds,0m,)yr)(jsl) (10D (502} (a0} (R} (kemsle/ (D) €/ (heas)  (kees) ratio ¢/
Ringold Rearing Pond
83717745 Hatchery 3548 k4] 1HN78 19 24 0045 4.8 0.0 - b.4 -
Bowad Buite Hatchery
07/28/36 Deschutes R. 504 19 8ime3 15 5 8,210 10.6 0.274 - LN | -
Speelyai Hatchery
83/21/80 Lewis R, S84 140 2030 206 SAUGE0 218 11 5 197 0.292 A0 0.218 - 3.7 -
Spring Creek Hatchery—-March Release
05/43/01 Hatchery 269 11 16APR 106  SWAY?? 125 7 4 169 0.191i/ 4.7 0.154 3.1 4.0 0.00
05/54/01 . 269 104 29MAR BB ISAPR7B 105 25 8 174 0.153 1.7 0.182 6.5 1.1 0.30
05/04/48 * 29 125 28WAR B7  TAPRT? 97 25 12 229 0.174 6.4 O.165 5.7 5.3 0.15
05/06/37 . 269 123 IBMAR 7B 25MARBO0  B6 25 13 123 0.200 4.0 0.150 - 3.8 0.22
05/07/40,48,50,51 * 269 9" 20PR 52 AAPRBO 94 25 20 92 0.0% 4.2 0.089 4.9 4.9 0.17
05/10/50 . 269 110 29MAR 88 ISAPRE2 105 49 10 106 0.09% 10.4 0.128 8.2 8.3 0.5
Spring Creek Hatchery--April Release
05/44,45,49/01  Hatchery 269 86 17APR 107 30APR77 120 22 B 638 O0.414i/ 4.7 0.335 3.1 4.0 0.00
05/50/01,RD Ut 4 ds Bonn.Dam 230 B3  17APR 107  1MAY?7T 121 26 7 304 0.627 47 0504 3d 4.0 -
05/60/01,62/01  Hatchery 269 b4 24APR 114 1MAY7B 121 33 16 328 0.213 B.8 0.24 8.7 7.8 0.40
05/54/01 * 230 79 25APR 115 1MAY78 121 32 f4 201 0.249 8.8 0.287 6.7 1.8 -
05/04/34,44 . 269 78 2BAPR 118 IMAY?9 123 25 16 477 0.258 B.8  0.297 6.7 8.2 0.10
05/06/40 ’ 29 B3 I7APR 108 24APRBO 115 28 17 108 0.29% 7.3 0.307 4.0 5.9 0.00
05/07/41,49 . 269 71 23aPR 113 28APRE1 118 25 17 113 0.126 6.5 0.121 5.4 34 0.0¢
05/10/51,53,54 . 29 72 208PR 100 25APRB2 115 39 21 223 0.19% 9.4 0.2% 9.1 7.8 0.34
05/08/51 Usatilla R. 467 n MaYe2 124 48 0.103 10.0 0.129 - 8.7 0.060
05/10/57 . . 47 7% mavez 127 106 0.105 10.2 0.134 - 9.2 0.00
05/11/42,43 Hatchery 249 54 INAY 123 SMAYEZ 125 39 31 0% 0.108 9.6 0,132 8.7 8.7 0.16
RDALD U ds Bonn. Daa 230 & THAY 127 emAYSY 128 3% 26 115 0.110 10.4 0.182 9.3 9.3 -
Spring Creek Hatchery--May Release
05/46/01 Hatchery 269 42 JoMAY 150 3JIMAY?7 151 34 27 42 0.092i/ 5.1 0077 4.2 4.2 0.2t
05/57/01 . 4 29 56  22MAY 142  24MAY78 144 52 3t 106 0.088 8.7 0.l0t 1.9 7.9 0.41
05/04/33 * 9 50  2IMAY 141 22MAY79 142 61 A7 98 0.087 B.4  0.0W 1.3 1.3 0.40
05/06/41 ' £ 51 1IWAY 132 13MAYBO 134 B S5 55 0.129 6.9 0.149 8.0 8.0 0.43
56/48/09 ds Bonn. Das 230 45 Z22MAY 143 24mAYBO 144 3§ 33 71 0.080 B.1 0.087 1.2 1.2 -
05/07/42 Hatchery 269 85 OMAY 129 1IMAYBI 131 49 32 105 0171 7.2 0.4 &5 6.5 0.44
05/07/4b Rock Creek 368 15 19MAYEL 138 56 0.046 6.7 0.045 - 4.1 0.00
05/07/43 . 368 5 23MhY81 143 10 0,056 7.7 0.051 - [N 0.00
05/10/52 Hatchery 269 19 2IMAY 143 2SMAYB2 237 65 41 73 0.128 11.% O.1B1 10.8 10. 0.4
Spring Creek Hatchery--August Release
05/03/39,40,41  Hatchery 209 16 22006 234 25AUETE 237 4% J2 19 0.043 3.9 0.032 1.5 1.5 0.00
05/04/43 . 269 19 17406 229 19AU6TY 230 49 33 33 0.181 3.2 0.1 2.9 2.9 0.00
05/06/42 * 269 19 10AUG 223 13AUGBO 226 43 32 9 0.144 3.7 0.104 3.8 3.4 0.12
Toutle Hatchery
63/16/40 Hatchery 160 117 17JUL 199  SAUBT7 217 I 406 0.658 3.4 047 2.9 3.1 -
83717763 . 160 98 70N 178 SJUL7B 186 11 7 457 0,559 &1 0.514 6.4 5.7 -
43/18/01 . 160 72 teJUL 197 30JUL?E 211 10 4 164 0.267 AG 0.210 5.3 4.2 -
63/18/54,19/41,54 ° 160 150 200 183 12J0L79 193 & 3 Beb 0.822 4.0 0.412 37 3.8 -
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Table 25.--cont.

Release_inforaation
River
Tag 3/ Hovenent flowd Flow _ Flow 3 Bonneville Das__
{fg,01,02) Recovery dates ¢/ Rate ¢/ Jones adjust. Total @ Total @ Spill
Brand  ______ Site b/ ____ Size 10th percent 50th percent _(ke/day) Recovery Beach recov. 10X rec 501 rec total
{Loc Sya Rot) description (Rkm) (no/1b} (da,ead (jul) (da,mo,yr) Gul){10X)(502) (no) () (kcmsde/ (X} &/  (kces)  (kcas) ratio g/
Kalaea Falls Hatchery
43/14/55 Hatchery 141 76 200 183 1AJUL?7 195 8 3 131 0,207 3.1 0.138 2.4 2.8 -
83/18/3% * | LIRS A ¥ SIUL {Be  26JULTT 207 & 2 697 0.718 2.9 0.46B 2.4 2.6 -
83/17/46 . 14 108 19JUL 199 JAUE78 215 10 3 54l 0.631 AT 0.497 5.3 4.2 -
83/19/57 . 141 180 BJUL 18% 270UL7% 208 4 2 2229 1.429 3B 1.040 37 1.4 -
63721705 * (41 115 26JUN 178 f20ULBO 193 17 4 183 0.239 5.3 0.204 6.8 4.9 -
63/20/36 . 141 119 26MAY 146 3IMAYB1 151 17 B 175 0.1 9.0 0.1%7 B.2 10.1 -
63/24/60 . 14 130 1AJUN 145 Nuwe2 188 17 3 185 0.153 1.0 0.205 10.0 10.4 -
Klickitat Hatchery
63716705 Hatchery 358 92 UL 185 19AU677 23 10 4 3B 0.039i/ 3.2 0.040 2.4 2.9 0.00
83716163 . 358 87  21JUN 172 T3UL78 188 21 12 97 0.189 6. 0.154 1.4 5.7 0.42
63/19/4¢ * 358 80 TIUN?Y 158 24 0,121 42 0.0W - 5.8 0.35
83/19/47 . 358 85 JJUN 154 QJUNBO 1Al 42 24 &4 0.066 9.0 0.077 8.2 8.3 0.50
43/20/08 . 358 78 12JUN 143 1BJUNBI 149 47 30 30 0,032 1.2 0.043 10.8 9.9 0.5%
63/21/37 . 158 LM 13JuNB2 164 214 0.11t 10.9  0.148 - 10.0 0.31
Kooskia Hatchery
05/04/27 ds Bonn. Dam 230 40 (oMY 136 21MAY79 14t 14 9 38 O0.117 B4 0101 - 7.3 -
05/04/26 Clear Creek 868 40 14JUNTR 167 3 0.062 5.5 0.054 - 5.0 -
10/22/18 ' 848 3 18JUNB1 149 11 0.043 11.2 0.058 - 9.9 -
Littie White Salmon Hatchery
05/47/01 Hatchery 261 122 L10UN 162 21JUN?7 172 7 & 267 0.127i/ 3.6 0.09) (] 3.2 0.00
05/03/46,47,48 . 261 115 JIMAY 151 7JuN78 158 32 14 330 0.358 7.9 0.385 8.7 7.3 0.45
05/03/43, 44,45 . 21 135 {JUN 152  BJUN78 159 27 13 334 0.3 7.9 0.315 6.7 7.3 0.45
05/03/35, 56,57 . 261 100 20Ut 205 3LJULTB 202 17 10 &1 0.109 4.5 0.0B6 47 47 0.2
05/04/48 * 261 105  290UN 180 JJUL7? 184 28 17 254 0.210i/ 4.2 0.160 "4 I 0.02
05/04/4% . 1 123 0L 182 U7 185 22 1p M2 0.223 42 0.170 (N 3.7 0.02
05/08/43 . 261 101 f6JUN 148 19JUNBO 171 32 22 % 0.073 9.1 0.086 8.4 8.5 0.51
05/07/47,49,50 * 261 94 QJUN 157 tLJUNBL 162 3B 28 164 0.072 12.4  0.105 1.1 10.8 0.57
05/04/35, 34 * 261 93 JIUN 158 10JUNB2  tel 38 21 267 0.13¢ 10.2 0173 %.5 9.5 0.38
Lower Kalama Hatchery b/
63/17/42 Hatchery 127 81 JIMAY 131 SJUN7B 154 18 136 0,13 7.9 0.1& 8.7 7.3 -
43/20/06 * 121 150 TIUN 158 13JUNBO 166 8 209 0.195 9.1 0.230 8.3 8.4 -
83/22/54 . 127 100 HUN 155 19JUNB1 170 4 175 0.133 11.2 0.180 1.1 9.9 -
43/24/63 ' 127 117 ISJUN teb  20JUNBZ 176 6 191 0.162 12.6 0.239 10.0 11.5 -
Priest Rapids Spawing Channel
83/17/41 ds Priest Rap. Dam 639 124 26JUL78 207 20 0,055 5.1 0.04 - 47 -
83/18/21 . 439 n 173073 198 12 0,045 4,1 0.084 - 2.1 -
63/20/17 . 839 n oy 2t 6 0.025 3.8 0.018 - 3.3 -
43/19/48 . 839 (i1} Hutgo 188 i1 0,028 5.7 0.025 - 5.2 -
43722761 * 839 87 TiULBL 188 13 0.083 7.8 0.089 - 7.2 -
43721455 . 839 115 9auEBY 221 33 0,073 5.5 0.084 - 5.1 -
83/24/56 . 439 47 23Junaz 174 35 0,099 12.6 0.14% - th? -
83/22/52 . 639 87 5iuLe2 27 93 0.073 11,0 0.098 - 10.4 -
83726011 * 839 B4 17JUNB 148 141 0.09% 9.3 0.115 - 8.3 -
831286112 * 839 83 20J0L83 201 g6 0.103 7.5 0.107 - 8.7 -
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Tabl e 25. --conti nued.

al Mre conplete information available from Dawey et al. 1985b or releasing

%gency Table 21. Binary coded wire ta%s: ~Ag=Agency, Di=Data 1 code, and
=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the fol | ow ng:
Loc=Location fish, SynrBrand synbol, and Rot=Rotation of synbol. For
abbreviations, synbols, and descriptions see Dawl ey et al. 1985b.

Abbreviations are listed: Bonn=Bonneville, Br=Bridge, D=Dam ds=downstream
Lo=Lower, R=River, Rap=Rapid, Res=Reservoir, Vari=Various, and WII=WIlanette.

Julian date that 10th percentile or 50th percentile (nedian) fish were captured
at Jones Beach; calculated from adjusted daily recovery. Assessnent limted to
groups show ng data.

Moverment rate fromrelease site to Jones Beach for 10th percentile and 50th
percentile fish captured at Jones Beach; calculated from adjusted daily
recovery. Assessnent l[imted to groups show ng data.

Flow at Bonneville Dam (from CofE) and Wl lanette, Lewis, and Cowitz Rivers
(from U S. Ceol ogical Survey); average for week of nedian fish recovery.

Adjusted to represent flows at 7,000 nd/second (7.0 kcns); % flow adj usted
catch = % catch x [1 + (kcns at Jones Beach - 7.0) x 0.0851. Assessnent
limted to groups show ng data.

Spillway flow at Bonneville Dam total flow at Bonneville Dam averages from
week of median fish recovery at Jones Beach.

Cose proximty to the sanpling site caused anomal ous movenent rate
observations--data not used in correlation.

1977 catch data are beach seine expanded to represent beach seine plus purse

seine by using the average ratios of purse seine to beach seine catch of that
fish stock from years 1978-1983.
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| og (nmovement rate) = 1.034 - O OLO6(size--no/lb) + 0.00646(distance--RKm
of release site) + 0.133 (flow!, 000 md/second) and Razl =0.66, F=77.03
at 2, 74 df with P < 0.001.

The equation is given in the original data units but the statistics were
cal cul ated using normalized units. Mvenment rates for groups which mgrated
through Bonneville reservoir were poorly correlated with both date of recovery
(r = 0.06) and with the proportion of spill volume to total discharge at
Bonneville Dam (r = 0.10).

Though moverent rates for subyearling chinook sal non generally increased
with fish size, the largest fish wthin a mark group did not necessarily
mgrate nore rapidly than smaller fish. Increasing and decreasing trends of
daily nean length were observed within various nmark groups; exanples of each
are presented in Figure 29; coho salnmon data are presented in Figure 30.
Previ ous observations of snolt behavior indicated that the larger fish within
a population mgrated faster than the smaller fish (Shapoval ov and Taft 1954;
Sal o and Bayliff 1958; and earlier data on coho and subyearling chinook sal nmon
inthis report).

From 1977 to 1983, lower river stocks of yearling fish were not well
represented by marked groups. Marked fish were released for specific tests
of: culture treatnent, structural bypass effects, and/or date and rel ease
sites. Therefore, trends in novenent rates could not be examined for the
general sal nonid popul ation.

Stocks Upstream from John Day Dam --1n 1977, many juvenile s teel head and
chi nook sal non (possibly 50% of the run) stopped their seaward m gration
upstream from Lower Ganite Damon the Snake River because of |ow river flows
and no water spill at dams (Park et al. 1978). Recovery of marked fish during
estuarine sampling in the fall, winter, and spring of 1977-1978 indicated that
few individuals successfully mgrated in the fall or endured overwintering to
mgrate the following year; only 13 narked fish released in the Snake River
during 1977 were captured in late 1977 or 1978.

Eval uation of the influence of river flow on novenent rates of the fish
that mgrated fromthe upper river in 1978-83 was limted to subyearling and
yearling fish captured , marked, and released in the tailrace of McNary Dam
(RKm 470) . Q her groups were not included because of: (1) extensive
mgration in tributaries or areas of the Colunbia River where a single river
flow woul d not accurately represent the conditions of migration or (2) effects
of transportation from Lower Granite, Little Coose, or MNary Dans (Park et
al. 1984). Flow measurenents at Bonneville Dam generally represent conditions
from MNary through Bonneville Dans, but have little relationship to flows in
the Colunbia River above McNary Dam or in the Snake River.

Movenment rates of yearling fish fromMNary Damto Jones Beach were
higher than those of subyearling fish (means - 62 and 32 kni day,
respectively) , therefore, the data could not be conbined. Mvenent rates of
steel head and yearling chinook salmon were not statistically different
(P<O.05) and were combined for anal ysis.
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Figure 30.--Daily beach and purse seine catches and nmean fork lengths for

two nmarked groups of coho salnmon at Jones Beach; one showing
decrease and the other increase in fork lengths with date.
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Moverment rates of yearling and subyearling salnonids were not well
correlated with river flow. A linear nodel was devel oped for ta from
yearling fish [movenent rate (kmday) = 35.25 + 3.1 x flow (1,000 nv/second)
(Fig. 31); however, correlation was not high for the 27 groups evaluated, r =
0. 45. Movenent rates for subyearling chinook salmon (nostly summer chi nook
salmon from the md-Colunbia River which migrate during July-Septenber) showed
little correlation (r = 0.19) with flow (Fig. 31). Variability between the 20
marked groups exanmined was high, and the slope was not significantly different
fromzero (P<O ). Likewise, no correlation of movement to flow was observed
by MIler and Sins (1983) for subyearling fish mgrating between MNary and
John Day Dans.

Variability of Catch

To make conclusions regarding differences in catch rate between tine
periods or between fish groups, it is necessary to understand the variables
affecting each. Catches at Jones Beach were examined in relation to: tine of
day, river flow, and size of fish; also, catch percentages of replicate groups
were conpared to develop a base line of expected variation from sanpling
marked fish.

Diel Patterns.-- Diel novenment patterns were examned to partially assess
the consistency of catch data to determine if morning sanmpling (7 h beginning
at sunrise) was representative of juvenile mgrations throughout the day.

We evaluated catch per set in relation to hour and tidal fluctuation
during five 24-h periods in 1978 and 1980. Catches indicated that novenent
patterns of juvenile salnmonids were generally consistent (Fig. 32). However
patterns were different than reported for other river systenms and different
portions of the Colunmbia River (Thrower et al. 1985).

Diel sanpling indicated that the periods during the day and the latera
locations in the river which grossed the largest catches of mgrating
sal moni ds were as foll ows: sunrise to early afternoon near shore for
subyearling chinook salnmon, sunrise to early afternoon in md-river for
yearling chinook salnon (catches fluctuated in relation to the origin of the
fish and other variables), md-norning to |ate afternoon near shore and early
morning to early afternoon in md-river for coho salnon, noon to early evening
in md-river for steelhead, and daylight in md-river for sockeye salnon
(too few were captured to discrimnate between hours of catch). Decreased
movenent during darkness was indicated for all salnonids. No relationship
between tide cycle and catch was apparent for either beach or purse seine
sanpling; detailed analysis is presented by Thrower et al. (1985).

Catch patterns observed during the five 24-h sanpling periods were
conpared with patterns from 7 h/day sanpling from 1979 through 1983.
Generally, the curves representing percent of total catch per day by set were
simlar in shape (Fig. 33). Mre fluctuation is apparent for diel sanpling
than for morning sanpling, primrily because of sanple size. Initial beach
seine sets during morning-only sanpling captured a greater proportion of fish
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1978- 1983.
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(relative percent catch per tine interval) than in diel sanpling because fish
accurmul ated in the sanpling area at night and increased norning-only catches,

but were cleared out in earlier sets during diel sanpling. Only data from
days with maxi mum effort (10 beach seine or 5 purse seine sets) during the
peak of migration (May and June) were used for evaluation. Means and 95%
confidence bands for percent of daily catch by time interval were conputed for

each year, 1979-1983. These catch patterns were then conpared with a pattern
devel oped fromthe aggregate of 1979-1983 data. Variations within years were
not large, thus confidence bands of catch percentages for daily set intervals
were small enough to show significant differences between sets for each
species (Fig. 33).

It appears that diel novement behavior of fish at Jones Beach was
consistent, and that representative sanples of nost fish groups passing into
the estuary were obtained during one 7-hour portion (norning) of the day.
Exceptions that showed erratic patterns of migration were fish groups that
passed the site in 3 days or less (discussed later).

River Flow --Two indirect evaluations were made to assess effects of
river TTows on Jjuvenile catch percentages from 1977 to 1983: (1) the ratio of
subyearling chinook salnon captured to the nunmber released from hatcheries
each year was conpared to seasonal average river flow and (2) catch
percentages frommark groups of simlar fish released at different dates were
conpared to differences of flow at recovery

The first evaluation of effects fromriver flow indicated that 76% of the
variability of catch percentage between groups was attributable to river flow
(Table 26). The linear relationship (Fig. 34) fromregression analysis was:
Y (catch percent) = 0.622 - 0.039 (Flow-I,000 md/second) r = -0.87. using
this nodel, an increase in flow from6,000 to 7,000 nd/second results in a
10. 1% decrease in catch. Assunptions are: (1) survival for the subyearling
chi nook sal mon popul ation reared at hatcheries was the sane for all years,
(2) average river flow for the season appropriately represented the conditions
encountered by nost fish, and (3) wld subyearling chinook sal mon popul ations
immgrating fromtributaries downstream from Bonneville Dam were a constant
percentage of the catch during all years. River flow data were an average of
the daily cumulative flow for the Colunbia River at Bonneville Dam obtai ned
fromthe U.S. Arn¥ Cor ps of Engineers (1977-1983), and the WIlanette, Lew s,
and Cowl itz Rivers!/, 30 April-1 July.

The second eval uation involved conparisons between catch percentages of
simlar fish groups (same body size and stock) released at the same site on
different dates. To limt variations fromsurvival differences related to
passage conditions at dams, only groups which did not pass through Snake River
or Colunbia River dans were selected for conparison. The aggregation of data

7" Data obtained fromthe U S Ceogl ogi cal Survey, 847 N.E 19th Ave., Suite

300, Portland, OR 97232.
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Tabl e 26.--Nunbers of subyearling chinook salmon reared annually at
hatcheries in the Colunbia River basin, numbers and percent of
total subyearling chinook salnon captured in the beach seine at
Jones Beach, and seasonal average river flows, 1977-1983.

1977 1978 1979 1980 1981 1982 1983

No. rel eased from&
hat cheries (mllions) 82.3 75.7 81.1 63. 1 66. 4 64.5 63.9

No. captured at Jonesd

Beach (thousands) 381 263 303 131 139 154 122
Percent capt ur et/ 0.46  0.36 0.39 0.23 022 0.25  0.19
Ri ver f1 owt hou, m3/ s&/ 4.0 8.0 7.0 8.5 9.5 11.1 9.8

a8 pata obtained from | daho Departnent of Fish and Game, Oregon Department of

Fish and Wldlife, US. Fish and Wldlife Service, and \Wshington Department of
Fisheries. Only fish released upstream from Jones Beach were included. Those
from Priest Rapids spawning channel, Ringold, Wells spawning channel, and
Hagerman Hatchery were onmitted as these groups are alnost exclusively purse
seine captured.

b/ The fol I owi ng adjustment of catches was used to standardize effort levels
between years; (weekly average catch per set x 70 cumulative for the period 9
April-30 Septenber each year. Catch per set nunbers are listed in Dawey et al.
(1985a) .

¢/ A constant percentage of wild fish within the catch year was assumed, and
the error fromnot including an estimated number was ignored.

g/ Average from daily neasurenents of the Colunbia River at Bonneville Dam
Wllamette River, Lewis River, and Cowlitz River, 30 April-I July (calculated
from data provided by: U S. Arny Corps of Engineers, NPD, P.Q Box 2870,
Portland, OR 97208, and U.S. Ceological Survey, P.O Box 3202, Portland, OR
97208.
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(Table 27) shows an inverse correlation between river flow and catch
percentage. Increased flow resulted in decreased catch percentages in 59% of
marked groups ( 276). . Goups which showed changes of catch percentage greater
t han 99% per 1, 000 m/second were assumed to be erroneous and were del eted
from the data base. The overall mean (X) decrease of catch percentage for a
1,000 / second increase of river flow was 2.3% These data produced a
relatively large standard deviation (SD) of 28% Data were reexamned to
determine if variance could be decreased by separating the data into
categories of low, medium and high flow or snall, noderate, and |arge changes
of flow and/or by species. Categorizing had little effect on variation

ans and standard deviation for decrease of percentage catch for a 1,000

/second flow increase were al nost identical for subyearling chinook,
yearling chinook, and coho salmon (X = 1.6, 2.8, and 2.5% and SD = 28. 2,
28.7, and 26.8% respectively). A single linear relationship over the entire
range of flow was used because change of catch percentage per increnmental flow
change was not correlated with range of flow vol ure.

Limting the data set to include only catches fromsimlar mark groups
captured under conditions of large flow changes (> 3,000 n@/second) produced a
nore consistent data set for evaluation of effects of flow on catch
percentage; mean 6.8% decrease of catch percentage per 1,000 nP/second flow
Increase with a SD of 13.7% from 70 conparisons (Table 28). Differences of
means anong species using the nore limted data set were not statistically
significant at P < 0. 05.

At this time, adult recovery data available for these conparison groups
(23 sets) show high variability (Table 28) and are insufficient to evaluate
precision of flow relationship to juvenile catches.

The two evaluations indicate that increased river flow causes decreased
cat ches of subyearling chinook salmon and yearling mgrants in the beach and
purse seines. No difference could be detected between species or between
different flowranges. W used a linear catch decrease of 8.5% per 1,000
md/second increase of flow (average of 10.1 and 6.8% to standardize catch
data for comparison of mark groups of fish captured under different flows.

Fish Size and Location of Sanpling.--Mst yearling salnonids were
captured In md-river during purse selne sanpling, and the mgjority of
subyearlings were captured near shore during beach seine sanpling. However,
there were exceptions: ( 1) through md-April each year, yearling chinook
sal mon were captured primarily in the beach seine; (2) coho salnmon released in
early May at sites close to Jones Beach (<100 km) were of ten captured in the
beach seine; and (3) large (< 50 fish/lIb) subyearling chinook sal mon and those
which mgrated long distance (> 250 knm) were of ten captured in the purse
seine. The ratios of beach seine to purse seine catch in My, June, and July
at Jones Beach were 1:3 for yearling chinook salnon, 1:35 for coho sal non
1:41 for steelhead, and 1.7:1 for subyearling chinook salnmon. The average
size of marked and unmarked fish recovered in the beach seine were snaller
than those captured with the purse seine--5 to 10 mmfor yearling fish and
10 to 20 mm for subyearling fish (Daw ey et al. 1985a and b).
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Table 27.-- Marked groups used to evaluate catch percentages of marked fish in
relation to flow, 1977-1983.
Release Information o/
(A /ﬂl?ﬂ") Jones Beach
Size Source/stock c/ Nuabep Date Flow e/
{Loc Syn Rot)_ no/lb, (treatment) {thoy) _ {da/mo/yr)_Tno. {kcas)
Subyearling Chinook Salmon _
07/25/07 35 Bonneville Het/ 30 Jul 81 B 0.6 5.3
07/24/2% 40 Late foll (Hell N.35-44/1b.} 105 0 03 fiug 82 10 43
07/23/28 99,0 0f Aug B3 ¥ 0.3 5.2
09/16/05 Bonneville Hat 183.2 05 May 77 40% 0.47 £/ 4.5
07/16/08 ?8 Tule {Well uater production) 96 6 1 My 79 128 0,177 9.7
07/21/54 76 130,0 24 Apr 81 148 0,12 7.9
07/24/07 30 ! 105, 23 Apr 82 262 0,25 10,0
02/27/8 74 ' 92:6 04 Moy 83 40 0.69 10.4
01/21/30 47,4 87
07/18742 83 Bonneville Hat g/ 2872.9 01-29 May 79 499 0.2t 7.4
07/23/29 85 Tule (Tnnner Cry) 737 12 Hay 81 a7 0.0 7.7
07/24/08 Bl 96,8 21May-04Jun 82 182 0,19 11,0
63/18/02 133 Cowlitz Hat/ 146.0 19 Jun 78 311 0,42 4.8
63/19/42 83 (production) 120,427 Jun 79 78 0,37 3.4
63/21/94 84 ' 193,2 12-28 Jun 81 195 0.40 7.8
83/22/5% 121,3 194
63/20/32 94 ' 41,3 24Jun-08Jul 82 136 0.37 7.3
83/24/42 199.2 323
63/25/03 72 ' 150,2 06-25 Jun 83 522 0.49 7.2
63/16/3% 113 Kalama Falls Hat 145,722 Jun 77 697 0,72 £/ 2.9
63/17/46 108 {production) 150,5 12 Jul 78 541 0,48 4 ]
63719737 18D ! 209,7 22Jun-13ul79 2229 1.40 1.8
63721705 115 ' 100,4 13-24 Jun 80 143 0,34 5.3
63/20/36 119 ' 173.4 22-28 ¥ay 81 175 0.12 10,9
63724760 130 ' 163,2 10Jun-17Jul 82 185 0.1 10,0
63/17/42 41 Lo. Kalama Hat 1297 30 Moy 78 1386 0,13 7,9
63720706 150 (preduction) 14,5 06 Jun 80 209 0,20 9.4
63/22/54 100 ! 199,83 01-11 Jun B1 175 Q.14 11,2
63/24/763 117 ! 13%.4 13-25 Jun 82 191 0.17 122
05/30/018 83 Spring Cr.Hnt 2 ds Bonn.D. 761 11 Apr 77 304 0,43 £/ 4.7
RD U 4 {79-83 1b.
03/34/01 7 98,2 20 Apr 78 201 0,24 8.8
§3/16740 117 Toutle Hat 13,5 29 Jun 77 606 0.74 £/ 3,4
63/17/43 98 {production) 142,8 19 Jun 78 457 0.57° 4.
63/19/41 140 ' 3. 12 n 79 794 0.82 4,0
63/16/41 64 Washougal Hat 128.6 28 Jun 77 188 0.23 £/ 3,0
63/18/03 42 (productlun) 131,426 Jon 78 212 0,26~ S.7
63/19/38 93 937 14 Jun 79 296 0.45 4.8
63/19/44 138:8 389
63/21/53 80 ' 319,230 Jun BO 409 0.34  4.B
83/22/51 71 ' 277.3 26-30 Jun 81 417 0,25 7.8
63/24/61 20 ' 167.9 28 Jun 82 427 0.41 9,7
Yearling Chinook Salmon
02/16/57 7 Bonneville Hat/ 4.9 (I Hr 79 105 0,38 7.3
07/17/34 b Tule (Well water) 48,1 13 Har 80 2 022 4.9
07/2/40 7 ' ¢ 17 Nar 82 32 0.4 9,3
07/27/01 7 ' 37,5 0B Mar B3 4 0.23 13.9
07/16/4} 8 Bonneville Hat/ 32,7 13 Mar 79 62 0.41 2.3
07/17/33 7 Late fall (Well water) 49,3 13 Mar 80 70 0,33 4,9
07/21743 7 50:6 17 Mar 82 48 0.38 12,1
07/25/47 6‘ ' 49.9 23 Har 83 13 0,05 10,0

1
1
i
]
!

97



Table 27.--continued.

WHLEGN §
(LA AN 4)
05704737

63/17/11

63/26/09
09/16/58
07/17/47
07/17/48
09/16/61
09/16462
09/16/83
07/17/25
07/17/26
07/12429
07/22/49
07/22/30
07/22/54
07/25/25
07/25/26
07/25/27
09/17/01
09/17/02
09/17/03
07/17/31
07/17/32
02/22/52
07/22/53
07/25/28
07/25/29
07/25/30
07/17/30
01/22/54
07/20/53
02/22/22
07/25/18
07/27/20
07/20/48
07/22/20
02/25/16
07/27/18
07/20/51
07/22/17
07/20/04
07/25/22
07/17/41
47/20/40
07/24/20
07/17/42
07/20/42
07/23/07
07/23/05
07/24/22
07/17/44
07/20/44
07/23/03
07/24/19

20
19

5

o [--]

13
14
16
14

14

12

Carson Hat
(homing)

Cowlitz Hat
(Density 6, 1b/gal/min)

(Ergthronyin control @

~§ 1b/qal/min)

(Adult arrival tining &
3-6 lb/qnl/min)

Eagle Creek Hai
{production)

m—m— mams  mma  mee s

Harion FKs. Hat @ Minto/
Carson stock

Maricn FXs., Hat @ Minto/
Santiom stock (12-17/1b)

Marion FKs, Hat @ Minto/
Santiam stock (19-20/1b)

——— WMe e ses sse s

McKenzie Hat
(Groded:nediun)

HcKenzie Hat
(Grqdeg-lqrqe)

HcKenzie Het
(Ungraded)

— —— - m——

Gokridge Hat @ Dexter
(Grnded:snull)

Onkridge Hat @ Dexter
(Grqded;nediun)

Qakridge Hat @ Dexter
(Gruded:lqrge)

41.0
82.1

983
370
24,1
243
240
24,4
75,0
5
38,3
97,2
44,2
48,3
48,4
45,9

———

30.7
4.5
49,1
49,6
5041
49.4
50,4
39,7
42,2
30.0
495
49,2
48,2
48.3
.9
36.0
34,2
30,0
3.1
354
36.3
36.2

03 May 79
28 Apr 80
08 Mr 78
23 fpr 79
01 Apr 82

04 Apr B3

0 Mt 78
01 I&y 79

13-15 Mar 78

03-03 Apr 79

3 15-23 Nar 81

15-17 Mar 82

13-15 Mar 78

03-05 Apr 79
16-24 ¥ar B1
18-22 Mar 82

03-05 Apr 79
146-18 Mar 81
15 Her 80
16 Mar 81
15 Mar 82
14 Mar B3
15 Har 80
14 Mar 81
15 Mar 82
14 Har 83
13 Har 80
14 Mar 81
15 Mar 82
14 Har 83
19-20 Mar 79
10-11 Mar 80
15 Mar 82

20 Mar 79
10-11 Mar 80
16 Har 81

15-16 Har 82

20 Mar 79
10 Har 90
16 #ar 81
15 Har 82

98

28 0.08
38 0407

_——— m——

77 0,45
3 0.19
34

? 0406
11

18 0.05
26

1

33 0,07
3% 01l
3

17 0.07
22
17
32 0.08
21

37
50 0.04
7

7
}2 0.04

4 0.02
40 0.17
0,13

38
13
12
g8 0.10

9.7
8.8
12
L
1¢.4
9.1

8.1
8.1

7.2

"7

9.4

8.0

9.7
]
10.0

-~ =0
o~

'
]
- » * w

Ouar-cn | P30 | ~day O

[
- T g
SOPT N pPIm
1
i
1

]
]
§
]

el s 0 e
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<
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Table 27.--continued.

07/17/43
07/20/44
07/22/23
07/25/13

03/16/21
09/16/22
09/18/25
07/19/43
07/19/46

09/16/23
09/16/24
09/16/23
07/19/47
07/19/48

07/19/08
67/19/11
07719743
07721727
0?/21/70
07/19/07
07/19/15
07/21/28
07/21/31
07/24/29
07/24/33
07/27/42

07/19/0%
07/1%/12
01/24/9
07/21/32
63/24/30
63/24/31
43/24/32
83/24/33
63/24/34
63/26/28
83/26/2%
63/26/30
63/26/31
63/26/32

09/16/*7
07/17/44
05/08/26
05/10/39
05/10/49
03/11/33
05/11/34

63/23/03
83/26/05
09/16/4%
09/16/50
09/14/51
09/16/52
07/11/49
07/17/50
07/17/51
07017732

12
8
7
7

b

9

23

{Density 11.6-11,7 1b/gel/nin)

13

17
17

15

19

Oakridge Hat B Dexter

(Relow Willioms Falls)

Cascade Hat # Tanner Cr.

{ascade Hat @ Tapner Cr.
(Late Huy-Jyne releace)

( nqrgded}

S+ Santiam Hat
{production}

S, Santiam Hat

30.2
30.7
266
21.4
250
29.5
14,9
29.4
PATY )
26,9
24,4
11,4
32.1
28:5

Coho Salmon

(May rgleuse)

27,9
26,9
29,2
24,9
26,7
2.2
2h 9
27,9
26,1

7.7
28.2
43.1

Cascade Hot @ Tanner Cr, 24,6

{Density 0.4? lb/cu ft/im)

{July rglense)

Cowlitz Hat

Eagle Creek Hat

20:2
277
28,9
1hé
10,4
10,2
10,4
10,5
10,2
10,3
10,4
10,2
10.6
747
89.3

6.8
68,3
86,8
60,3
62.8

Lower Kalama Hol 52.8
(Density 11-11,5 lb/gal/nin) 32,0

Sandy Hat
(nutrition)

350
4.4
33.0
2743
274
27:3
27.9

20 Mar 79
10 Har 80
146 Mar 81
15 Mar 82

13-15 Mar 78

14 Nar 80

13-13 Mar 78

13-14 Mar 80

——— e -

07 May 79

28 Apr 80
06 May 81

07 Jun 79
08 Jun B1
25 May 82
24 Moy 83

06 Jul 79
06 Jul 81

03 May 82

03 Moy 83

24 Apr 78
22 May 79
22 Apr 81
04 May 92

04 May 83

03 May 82
04 Moy 83

04 May 78

01 Hay 79

99

32 0.18 &9
25 0.9 5.8
7 006 45
7 0,07 9.3
10 0.09 7.9
3

{1

20,19 49
¢ 0.4 19

25

12

3 0,28 4.9

18 0.07 841
18

13 0,08 7.4
24 0,11 47

28

37 0.4 5.5
36
2 0,10 12.4
23
23 0.10 11,0
30
21 0.06 12.2

50 0.44 40
36

13 0.4 7.6,
19

17 0,16 11,9
13

14

17

18

19 0,48 9.9
14

17

17

17

9 0,17 8.7
128 0,22 &2
180 0.18 4.7
ila 0.18 11.0
115

78 013 %2
76

89 0.17 10,9
3 010 9.2
21 0,08 8.1
24

19

22

28 0,13 8.1
32

28



Table 27.--continued.

07/20/31 18 Sandy Hat. 25,2 01 May 80 15 0.12 7
07/20/33 {nutrition) 23:2 13

07/20/32 20.4 14

07/20/34 2.2 21

07/20/35 23,9 12

07/20/34 24,5 20

07/20/37 26,0 15

07/20/38 2645 20

07/22/59 18 ' 29,9 01 May 81 34 0,09 7.2
07/22/82 27,8 23

07/22/80 281 17

07/22/43 29.7 18

07/22/61 298 20

07/23/04 28,9 22

07/22/54 223 20

07/22/58 28,0 12

07/22/53 27.4 21

07/22/57 28.9 14

07/23/93 18 ' 26,0 30 fpr 82 2D 0.45 10,9
07/25/35 28,3 13

07/25/50 2644 50

07/25/38 27,9 34

07/25/51 27,3 34

07/23/54 7.6 44

07/35/89 24,0 20

07/23/32 26,9 36

07/23/54 27,6 43

07/25/37 20,1 33

07/27/31 17 ! 4.7 29 hpr 83 32 0,07 9.2
07/21/32 34,9 34

021 4.1 35

07/27/34 547 37

07/27/35 546 33

07/27/3% 4.9 44

&3/19/11 18 Toutie Hat 42,4 07 fay 79 4 0,43 81
43/19/12 {Nay release) .7 40

$3/19/31 19 ! 38.6 07 Hoy 80 A3 0,28 7.4
43/20/758 395 k)|

63/19/23 14 Washougal Hat 74.4 07 Yoy 79 81 0.3 8.4
83/19724 (Late April-Early Hay) 80.7 87

63/20/39 18 i 99,6 08 May 80 81 043 7%
63/20/40 98,7 68

63/21/50 18 ' 1.8 30 Apr 81 43 611 &7
83/22/02 92,0 46

63/26/45 i8 ' 50,7 15-30 Apr 83 40 0.08 9.4
83/19/25 20 Washougal Hat o H® 07 un 79 126 Gebsh/ 5.5
63/19/24 {Late May-Early Junej Density 82r% v n/
43/20/37 18 13.5-16 1b/gal/min) 97,3 09 Jun 80 33 007 91
$3/20/38 97.3 45 )
63/21/51 20 ! 2¢% 27 floy 81 35 0891/ 10.9
83/22/03 52.4 35 0.0
83/25/13 21 ' 10,2 25 May 82 7 0.09 11,0
43/25/14 2.9 ?

83/25/13 10.3 14

83/25/14 7.9 )

83/25/17 2.4 [

63/27/13 19 ' 10.0 27 Kay 83 7 009 132
63/27/14 10,9 8

63/27/15 10,3 8

63/21/14 10,3 3

63/23/17 104 12

63/19/27 20 Washougal Hai Bl.0 06 Jul 79 197 0.4% 4,0
43/19/34 (July release) 82,1 191

63/19/54 18 ' 106,7 07 Jul 80 1284 0.25 5.3
83/19/55 107, i18
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Tabl e 27.--continued.

g/
h/

Only groups released downstream from Bonneville Dam were used due to variation
in survival associated with changing spill to turbine discharge rate at dans;
only groups of the same stock released at simlar size fromthe same site.
Assumed no variation in affect from Wllamette Falls on survival or catch
percentage. Goups with rapid movenent rates which were not dispursed and
50% past Jones Beach in 2 days or less were not used due to variable catch
rates. Nutrition treatment groups with no statistical difference (trend over
the years) were conbined into one observation per year.

More conplete information available fromDaw ey et al. 1985b or rel easing
agency Table 21. Binary coded wire tags: Ag=Agency code, D =Data 1 code,
and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the follow ng:
Loc=Location on fish, SynmBrand synbol, and Rot=Rotation of synmbol. For
abbreviations, synbol, and descriptions see Dawl ey et al. 1985bh.

Abbreviations are listed: Bonn=Bonneville, O =Creek, D Dam ds=downstream
Fks=Forks, Gal=Gallon, G-aded=Fi sh mechanical |y sel ected by si ze, Hat=Hatchery,
| b=pound, Lo=Lower, Mn=Mnute, S=South, Tule=Lower river stock of fall chinook
sal mon, Ungraded=No fish selection by size, WWater, and @Rel eased at.

Actual catch; catch percent adjusted for effort.

Seven-day average of river flow at Jones Beach during the week of nedian fish
recovery; including Colunbia R ver above Bonneville Dam WIllanmette River,
Cowitz River, and Lewis River; 1 kcms = 1,000 n?/s.

I nconsi stent purse seine effort in 1977, consequently, yearling fish not used
for evaluation. Catch adjustments were made for subyearling fish to equate
with other years (8, 11, 8, and 15% increase, respectively, for Bonneville
Dam Kalama Falls, and Spring Creek fish released downstream from Bonneville,
Toutle, and Washougal Hatchery fish); obtained from average purse seine
contribution to those groups from 1978-1983.

Did not use 1980 due to effects of Munt St. Helens.

Di seased fish at release; not used in the analysis.

H gher densitv: not used in the analvsis.
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Table 28:--Adult recovery data plus differences of juvenile catch related to river
. flow difference during downstream migration for mark groups used in
evaluating effects of flow on beach and purse seine sampling efficiency;
biologically similar mark groups captyred at Jones Beach during river
flows which were different by 3,000 m”/second or more.

Group Group
taptured captured Mult recovs o/ Adult recov. e/
@ low flow @ high flow Aflow) ¢/ Acatch 2 4/ fros low from high
tag code o/ tag code 9/ Low flow  hi-low per § Kens flow group flow qroup
{AqD1D2) (AgD1D2}  (kems) b/ (kems)  increase (nay) 1 no.

Subyearling chinook salmon

091605 071608 4,3 5.2 -12,3 101 0.06 I 034
091405 072729 4,5 945 -8 8 0.00 13 000
091603 072407 4.3 5.9 -13,7 53 0,403 120 0.11
0915805 072156 4.5 3.4 -21.9 99 0.05 145 011
071842 072408 7.4 .4 10.8 380 0.43 it 0.01
072329 072408 77 3.3 -2.8 6% .09 i 001
631942 631802 3¢ 3.2 244 144 0,12 182 0.2
631942 532503 346 3.4 741

631942 632032,2462 3.6 3.7 ~1.4

631942 832156,2255 3.4 4.2 0.6 MO0 200 0.07
631639 632034 2.9 8.0 -10,4 61 0.04 27 0.02
631637 632460 249 8.1 9.6 1 0.00 0 0.00
431744 632035 4.3 6,4 -12.8 20 0.01 27 0,02
431746 &32460 4,5 6.3 -11.7 2 0.00 0 0,00
631957 632034 3.8 7.1 -12.9 7 0.00 27 0,02
431957 432440 3.8 742 -60.4 1 600 0 000
432105 632035 5.3, 5.4 12,3 5 042 27 0.02
632105 432460 3.3 3.7 “11.6 1 0.00 ¢ 0,00
431742 632254 7.9 3.3 2.3 16 0401 aq 0.03
631742 632463 I 4.3 7.2 1 0,00 1 0.00
632004 632463 9.1 3l -4.8 2 0,00 1 0.00
055001 0355401 4.7 41 -15.1 355 0.7 477 0.49
631641 632451 3.0 &7 11,7 4 0,00 1 0.00
831641 632251 30 4.9 1.8 222 017 83 0.02
431803 43461 57 Ho 1Y 3 0.00 1 0.00
631938,46 632251 4.8 30 -14.8 94 0.02 63 002
631938,46 632461 4.8 1,9 -1.8 2 000 1 0.00
632153 632251 4.8 3.0 -B.8 1720 0,05 63 0,02
632153 632441 4.8 4,9 14,4 30,00 I 0,00

Yearling chinook solwen

071637 072701 1.3 &b ~6:0
0736 072701 4.9 7.9 0.3
071735 072140 4.9 4.4 2.7 8 0.2 8 007
072140 072701 7.3 4.4 -10.1
071441 072143 713 4.7 1.5 7% 1.30 20 0,04
071733 072143 4.9 7.1 24 27 0,06 20 0,04
071733 072547 4.9 3. “16:4
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Table 28.--continued.

631711,12 432134,2311 7.2 342 -27.1 1640 1,42 20 0,04
431817,58  432134,2311 4.4 4.0 -17,1 4 0,7t 20 0.04
07224%-51  071725,2629 4.5 34 .3 49 0.03 26 0,02
072252)53  071731,32 6.5 3.2 5.0 &9 0,08 203 021
072252,53  072528,2930 4.5 1.5 0.0

072053 072318 5.8 K1Y -3 0 0,00 0 0,00
072222 072518 6.2 3.2 -27.3 2 0.0t 0 000
072048 072514 3.8 4,2 -22,2 3 001 ¢ 000
072048 072718 9B 642 -9.7

072220 072516 8,2 3.8 «22:2 4 001 0 ¢.00
072220 072718 8.2 5.0 -2.3

072051 072054 5.8 3.8 -19.1 0 0.00 2 0.0
072051 072522 5.8 3.3 -24.8

072217 072054 8.2 3.4 80 2 0.01 2 0.01
071741 072420 6.9 4.7 -16.3 2 0N 2 00
072040 072420 9.8 3.8 -11,9 ¢ 0,03 2 o
071742 072422 6.9 4,7 -18.8 25 0.08 2 001
072042 072420 9.8 5.8 ~-13.,3 22 0,07 2 001
072305 072422 5¢6 6.0 -11.7 11 0.04 2 001
0723103 072419 842 3.4 =27 i3 0,04 7 0,02
072044 072419 4.9 4,7 -7 20 0,07 7 0,02
072044 072513 3.8 1.9 -18.0 17 0.04 3 0,01
071945,46  0914822,26 4.9 3.0 -17.5 77 0.13 276 0.62
071947,48  091423-25 4.9 3.0 -4.8 M 0.9 93 1,22

Cocho salaon

071907,10  07429,33 5.5 549 -5.2 43 1,2 U0 0.55
071907,10 072747 343 6.7 -B.3

071907,10  072128,31 3.5 5,9 -4,1 M43 1.2 771 .28
071909,12 072129,32 4.0 b -18.¢ 440 0.88 1451 2,56
071744 051133,34 4.2 3.0 -13.4 ,

071744 051039,40 4.2 4.8 -3.8 1053 1,52 766 057
050824 051039,40 4.7 4,3 0.0 154 1.2 766 0,57
072031-38  072549-38 7.6 3.3 545 2128 1.04 379 1,38
072255-2301 072549-38 7.2 3.8 75 811 1.4 3715 1,18
632037,38  632713-17 2.1 Id =32

a/ Rinary tag of groups captured at the lowest river flow or at the highest river flow of
the comparison; Ag=agency code, Dizdats 1 code, and D2=date 2 code. Separations by coama
or hyphen indicate data ove averaged for sultiple teg groups. Two or four digits following
a comna represent on additional tag number with the same agency and data | codes or the
same agency code, respectively. Two or four digits following o hyphen represent o series
of togs with the same agency code and dats 1 code or ogency code, respectively,

b/ One thousand w/second = | Kews = 35,000 §t3/second.

¢/ Difference of river flow, in thousand m/second during the week of medion fish recovery
for groups in comparison.

4/ TX catch hi flow - 1 catch low flow) + X catch low flowl x 100 +
(keos hi flow ~ kews low flow),

2/ Observed recoveries, limited o age of youngest tag group returning in each comparison,
10d data which are available far both seis of groups,
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Differences in sampling efficiency related to fish size were not apparent
for groups captured exclusively in purse seine sanpling. Fork length
distributions of marked fish from purse seine sanples of some groups showed
cl ose agreement with length distributions obtained prior to release (see
exanples in Fig. 35); we assune that survival for small and large fish within
such groups was simlar. Substantial nunbers of fish as small as 60 mmin
fork length were captured in the purse seine, thus we believe the purse seine
was reasonably efficient at capturing smaller fish.

Sampling efficiency was affected by fish size for those groups which were
captured in the beach seine. Catch rate of subyearlfng chinook sal non
captured in the beach seine is inversely related to body size (Section I, Fig.
4); the sane relationship may apply to yearling fish. Location of fish in the
cross section of the river, not gear efficiency, seens to have created the
size related alteration of catch rate. Catch rate conparison between mark
groups of subyearlings that were not the sane body size are therefore
I nappropriate . Catch rate conparisons between marked groups of yearling fish
rel eased at different sizes were only made when the ratio of beach seine to
purse seine catch was the sane for both groups.

Replicate Goups of Marked Fish.--From 1977 to 1983, juvenile and adult
recovery data (Trsherres and escapenent) for 120 sets of replicate groups were
exam ned for consistency (Appendix Table Bl) . W found the following : (1)
juvenile catch variations among replicates were randomin relation to adult
recoveries--j uvenile catch and adult recovery percentages varied in the same
direction (positive or negative) anong replicates 54% of the tinme; (2)
juvenile recoveries for 14 (12% of the 120 sets of replicates showed
significant di fferences between replicates (P< 0.10, fromG statistic
anal ysis)--by definition 10% of the sets of true replicates should fal
outsi de the boundaries of no difference between groups; (3) adult recoveries
for 42 (35% of the 120 sets of replicates showed significant differences
between replicate groups at P < 0.10, and the direction of variation anong
groups within the sets was the sanme as observed for juvenile catches in 50% of
the 42 sets--as expected of replicate groups; and (4) 82% of the replicates
showi ng statistical difference as adults, which is 15% of the total sets of
replicates, had differences greater than 20% between groups. Sone sets of
replicate groups provided very consistent adult recovery data, e.g., five sets
of replicate groups of coho salnon released in 1981 at Sandy Hatchery
(Westgate et al. 1983b) produced from 363 to 535 adult recoveries per group
with fromO to 4% difference between replicates. However, other sets of
replicates had large deviations from theoretical catch probabilities, e.g.
four sets of repl icate groups of coho sal non rel eased from Sandy Hatchery in
1980 (Ws tgate et al. 1983b) produced from 152 to 377 adult recoveries per
group with 8 to 34% difference between groups.

It appears that juvenile catch data are normally distributed with
expected variation, however, adult recoveries show greater than expected
deviation which we assune represents survival differences. D fferences of
survival to adul thood, among replicate groups, may have resulted from subtle
differences of environnental conditions, culture nethods, or mgratory
behavior that did not substantially affect survival during freshwater rearing
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Percent of sam® e

20

10

1978 YEARLI NG CH NOCK SALMON

Kooskia Hatchery
(below Bonneville

Jones Beach

Dam) 3 May
26 April T~ X =127 mm
X=125mm

/(n=131)

] ] I L { 1 I~
100 110 120 130 140 150 160 170 180 190 200

1981 COHO SALMON

30 ¢
Jones Beach,
18 May
x =154
20 F Eagle Creek = 377Tm
15 April \/
X = 149 mm
(n =609) \
10 +
(4] 1 1 1 L 1

110 120 130 140 150 160 170 180 190 200

30 1979 STEELHEAD

Jones Beach
26 May

Chelan Hatchery % = 225 mm

20 -
(Icicle Creek) _
26 April {n =79
X =227 mm
{n = 200) \
10F

0 L O 1 1 1 1 1 L
170 180 190 200 210 220 230 240 250 260 270

Fork length (mm)

Figure 35.--Fork lengths of marked fish groups before and after mgration
showing little change in length frequencies within the popul ation.
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or ngra tlon. Consequently, treatnent versus control eval uations made from
adult recovery data may be affected, and researchers conparing adult return
data nust consider the degree of error anong replicates .

Rel ative Survival in Relation to Controlled Treatnents

Treatment and control groups used to evaluate effects of fish size,
stock, transportation, rearing density, nutrition, and release date on adult
survival were exam ned for inter- and intra-specific trends in relative
survival to the estuary. W assume from the assessment of variability in
catches that significant differences between catch percentages of treatnent
and control groups generally indicate relative survival differences if
recovery data are adjusted for sanpling effort and river flow The
conclusions reported herein are based on catches at Jones Beach only.
I ndi vidual researchers may draw different conclusions based on know edge of
other factors relating to their research.

Estuarlne catch data for treatment and control groups were conpared with
adult recovery data to determine if relative survival trends were simlar and
to identify the types of treatment groups fromwhich juvenile catch rates may
provi de erroneous inferences of survival.

Fish Size.--Increased body size at release for hatchery reared sal nmonids
has been equated with greater survival in downstream migration and to
adul thood (Conte et al. 1966; Salo 1955; Salo and Bayliff 1958; and Wllis
1968). Also, mnimmsize thresholds for survival have been hypothesized
(Rel mers and Loeffel 1967; Buchanan et al. 1981; and Washington 1982). Fork
| ength measurenments of narked individuals from many groups captured at Jones
Beach provided the opportunity to observe size-related survival differences
during freshwater mgration in the Colunbia River.

Estuarine catch data indicate a positive relationship between survival
during migration to the estuary and increased body size at the tine of release

for chinook and coho sal mon and st eel head. The smal l er individuals from
particular release groups were nmissing fromthe mgrant popul ati on captured at
Jones Beach. Exampl es of length frequency distributions for mark groups

representing each species conparing sizes of fish prior to release to sizes
after mgration show |oss of smaller fish fromthe population prior to arrival
at Jones Beach (Fig. 36). Not all groups of fish were nmeasured prior to
rel ease.  Consequently, we were unable to determne the extent of the |oss of
smal ler individuals for the overall migratory popul ation.

Conparisons were nade anong nark groups captured between 1977 and 1983
which were simlar in stock, treatnent, and release characteristics but showed
differences in size at release (Table 29). The najority of comparisons were
for spring chinook salnon graded and narked for size/survival research froma
mul tiyear study at various hatcheries in the Wllamette River system(Snmth
1979a and b; Snmith and Zakel 1980 and 1981; and Smith et al. 1982, 1983, and
1984).

The aggregate of groups showed a trend of higher catch percentages at
Jones Beach for increased sizes (measured as no./Ib) at release (Table 29); 20
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Table 29.--Jones Beach catches and adult recoveries for marked fish from size at
release studies, 1977-1983.

‘ Release information

B Juvenile catch ¢/ Adull recoveries 4/
(ha/ llD") Release  Relesse at Jones Beach observed—cunulutwe _
rand Treatnent/ nuaber date Size oIl winietfspring tolal Yool 27F 3 yr 4 yr 5 yr
lLoc Sys Rot)__ Source b/ stock__ (thou)  {do/wo/yr} (mo./1h) (na.) tno,) (23 _fno,) (X} (M) (1) (1)
SUBYEARLING_CHINOOK SALMON
03/41/01 Big White Rear, Pd aorpholene 87.7 184r77 W 358 0.555 202 0.02 0,17 0.23 -
05/42/01 control 1.4 8z LK E] 0.487 166 0,02 0.1 0.18 -

JEARLING_EHINGOK_SALMON

$3/13/50  Cowlitz Hat, B0 X479 S k] 0194 719 - 0,74 2,50 3.13
$3/18/14 24,5 7 34 0.195 206 - 0,58 2.44 2,88
63/18/17  Coulilz Hat, 243 Wae?9 5 35 0,200 829 - 0.85 2.75 3.44
$3/18/18 24,1 7 34 0,191 432 - 0,57 2,18 2.80
05/08/59,RD IU 3 Kooskia Hat, 49.5 16 Mpr g2 ¢ 2 0,085 0 - 0.0 - -
05/05/304RD IV 1 54,2 21 17 0,031 0 - 0.0 - -
07/22/52,53 Marion Fks. Hat. sizeltine 81,9 16-24 Mar 81 14 20 0.086 59 - 0.02 0.07 -
07/22/54 48,3 20 7 0.025 14 - 0,61 0.03 -
07/“0/48 NcKenzie Hat. sizettine 31,1 15 Har 80 k] 18 0,153 48 - 0,03 .12 0.15
07/20/51 29.4 4 13 0,112 28 - 0,01 0,05 0,07
07/20/53 9 11 13 0079 4 - 0,00 0.0t 0,02
07/22/20  McKenzie Hat, sizeltinme 35.4 i6 Mar 81 ¢ 1t 0,078 &9 - 003 O -
07/22/17 10,2 b 5 0.029 12 - 0.01 0.08 -
07/22/22 36,0 9 1 0,075 71 - 0,03 0.20 -
07/27/19 HcKenzie Hat, sizettine 32,0 03-1B Mov &3 7 4 b 0,088 - - - - -
07/25/21 2.3 BANowvel U 2 7 0,046 - - - - -
07721721 3.9 14 3 8 0,072 - - - - -
07/27/18 McKenzie Hot. sizeftine 34,2 14 Mar 83 4 9 0,057 - - - - -
07/25/22 32.1 6 4 0.023 - - - - -
07/27/20 30.0 10 14 0,099 - - - - -
07/1//4? Qakridge Hab,  sizeltime 30,2  20¥ar 79 12 k) 0,473 W2 - 0,07 0,73 0.97
07/17/4 2.0 14 40 0.178 229 - 0.0 0.40 0.72
07/17/84  Oakridge Hot.  sizeltine 32,8 20 Mar 79 & 36 0.299 223 - 0.06 0.5 0.48
07/17/742 29,5 g % 0,282 313 - 0.08 0,74 .06
07/20/45  Cakridge Hat,  sizeltine 29,0 10 Mar 80 4 13 0,445 16 - 0.07 0,67 0.8
07/20/44 30.7 8 2% 202 22 - 0,06 0,54 0.89
07/20/42  Dakridge Hat,  sizedtime 30,7 10 Mar 80 9 20 0.148 I3 - 0.07 0.67 L.10
07/20/40 30.9 16 18 0,34 28 - 0,03 0,36 0.4
07/23/03  Oakridge Hat,  sizeltime 31.2 14 Mar 31 [ 12 0,09 1319 - 0.04 0,45 -
07/22/25 2.4 7 ] 0,063 91 - 0.02 0,34 -
01/23/05  Ockridge Hat,  sizeliise 29.9 16 Mar 81 7 M 004 145 - 0,04 0.48 -
/ey kridge Hate s i 9 17 0133 108 - 0,02 0.3 -
07/16/15 Round Butte Hat, lg, grade 261 3L Mar 78 20 3 oBl 0 - 0,00 0,00 000
o7iany ound Butte Hat, 1o, grade 2| " b 33 gig 2T o0 000 0ne
07/16/12 vac. contral 44,2 32 34 0.121 i - 0,00 0.00 0.00
COHO SALMON
§3/17/58 Toutle Hat, 39.4 07 un79 18 107 0,310 955 0.00 2.40 - -
63/17713 40,5 2 103 0,27 799 0,00 1.97 - -
S/19/30 Toutle at, | 36 0 My 80 18 a3 To.ne ma 000 0.53 - -
63/20/38 3%.5 i 8 %3 31 3.155 33 0.00 0.4 - -
STEELHEAD

03/13/33 Hogersan Hat. @ A ctock  38.8 18-20 Apr 83 2 B4 0.0 -~ - - -
05/13/ 34 Selaon River size 9.1 » 3 104 0.3 - - - -

107



Tabl e 29. --conti nued.

More conplete information available from Dawley et al. 1985b or releasing
agency Table 21. Binary coded wire tags: Ag=Agency, Dl =Data ! code,

and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the follow ng:
Loc=Location on fish, SyneBrand synbol, and Rot=Rotation of synbol. For
abbrevi ations, synbol, and descriptions see Dawl ey et al. 1985b.

More conplete information available from Dawl ey et al. 1985b or releasing
agency Figure 21. Abbreviations used are listed: Fks=Forks, Hat=Hatchery,
Lit=Little, Pd=Pond, Rear=Rearing, Sal-Sal non, W=Wite, and @Released at.

Actual nunber recovered and effort adjusted % catch--effort not consistent
during fall and winter periods, thus total recovery percentages are not

conpar abl e between different studies.

Observed recoveries; my provide erroneous conparisons between studies not
ngrating at the same tine or between stocks because of possible difference

associated with unequal fishing effort and sanpling effort.
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Figure 36.--Fork lengths of subyearling chinook, yearling chinook, and coho salmon and steelhead
before and after migration, showing an upward shift in size of the population at

Jones Beach.



WILLAMETTE SUMMER STEELHEAD

ar Williamette Falls
May 12.1978
n = 663

20} X =200 mm

Hatchery
Aprit 29, 1978 — Jones Beach
15 n=1,100 May 19, 1978
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Figure 37.--Fork length neasurements of Skamania summer steelhead smolts prior
to hatchery release, from catches at Wllanette Falls, and from
catches at Jones Beach, 1978. Hatchery and Wllanette Falls
l ength frequencies from Buchanan et al. (1979).

SNAKE RIVER ORIGIN STEELHEAD 1981

20 r
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“5 26 April X —_188 mm
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Figure 38 .--Fork lengths of Snake River steel head before and after mgration

showing little change in length frequencies for the portion of the
popul ation |ess than 180 mm
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of 28 conparisons showed a positive relationship. A two-way ANOVA was
calculated to conmpare the catch percentages according to size at release
(simlar groups were paired according to difference in size at release). The
ANOVA was conditioned on the marked groups, and the F-value for size at
rel ease was used to determine significance. The ANOVAtable is:

Source of Probability
variation DF SS VS F of F-val ue
Size at

rel ease 1 0. 002929 0. 002929 3.972 0. 0565
Mark group 27 0.573188 0. 021229 28. 791 0. 0000
Remai nder 27 0.019908 0.00073735

The probability value of 0.0565 for size at release indicates significance at
the o = 0.06 level. The only conparison available for effects of size on
steel head groups from the Snake River showed reversed recovery rate and was
not included in the statistical analysis.

Adul't recoveries (Table 29) showed greater survival for groups released
at a larger size in 13 of 19 conparisons and were statistically greater in 11
conpari sons.

M ni num si ze thresholds for successful mgration to the ocean have been
suggested by several i nvestigators. Buchanan (1981) hypothesized a
m ni mum si ze threshold of 180 nm for steelhead of WIlanette River origin. Qur
observations of WIlanette River steelhead support Buchanan's hypothesis
(Fig. 37). (Oobservations of steelhead from the Snake River, however, do not
show this relationship; individuals as small as 110 nm m grated successfully
fromthe Snake River to Jones Beach, e.g., Dworshak steel head ranging from
100 mmto 240 nm (Fig. 38). Washi ngton (1982) hypot hesized a m ni num si ze
threshold for survival of 130-140 nm for coho sal non from Col unbia River
Hat cheri es--devel oped from fork I|ength measurenents of mgrants at Jones
Beach. Reimers (1967) hypothesized that the mninumsize threshold for wild
subyearling chinook salnmon in the Colunmbia River varies between tributaries.

Transportation Past Dans. --Relative survival differences for marked fish
groups transported by truck or barge past dans in the Col unbia River system
(1977-1983) were calculated from catch percentages at Jones Beach.
Conpari sons between catch percentages of transported and control fish were
limted to two data sets: (1) juveniles transported directly from hatcheries,
upstream or downstream were conpared to controls released at the hatchery,
and (2) juveniles captured at MNary Dam subsequently nmarked and transported
downst ream past three danms were conpared to controls released in the tailrace
of McNary Dam
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A large range of catch percentages was observed for transported groups
whi ch noved rapidly past Jones Beach (50% of the catch in 2 days or less), and
mar ked groups behaving in this fashion were not used in the assessnent of
effects from transportation. W hypothesize that these particular transported
fish mgrated rapidly fromrelease sites to Jones Beach and did not disperse
widely in the river. Low catch percentages, unrepresentative of abundance,
resul ted when the majority of individuals within such a group passed during
nonf ishing hours, and high catch percentages, also unrepresentative of
abundance, resulted when the nmajority passed during fishing hours. In either
instance, the conparison to control groups was erroneous.

Cal cul ated survival estimates generally increased with the nunber of dans
bypassed (Fig. 39); the average increased survival es timte for one dam
bypassed was 44% (12 transport groups) and for eight dans 236% (9 transport

groups). Data (Table 30) were transformed to stabilize the variance of the
dependent variable for linear regression. The hypothesis that the slope = 0
was rejected at PO (t = 2.72, 49 df). Average survival increase from

bypassing dams was 50, 33, 20, and 11% per dam respectively, for subyearling
chinook salmon, vyearling chinook salnmon, coho salnon, and steel head.

Adult recoveries for transport versus control groups were evaluated to
determine if survival changes fromtransportation were simlar to those
observed from estuarine recovery estimtes (Table 30). A positive correlation
exi sts between change in adult survival and nunmbers of dams bypassed as
juveniles (average no increase for one dam and 121% increase for eight dans)
(Fig. 39); however, the slope of the linear regression (transforned data) was
not significantly different fromzero (t = 0.4, 35 df) . Conparison of adult
survival increases to es tuarine estimtes of juvenile survival increases
provided the following correlation coefficients (r): 0.42, 0.14, 0.72, and
0.77 for subyearling chinook salnon, yearling chinook salnon, coho sal non, and
steel head, respectively. In general, adult recoveries showed the sane
survival benefits fromtransportation as estuarine sanpling, but as observed
from eval uation of replicate groups, the variation was greater wthin adult
dat a. Not all adult recoveries of mark groups are avaliable at this tine,
thus these conclusions regarding adult recoveries are prelimnary.

Estuarine catch data for some species and/or stocks may provide a nore

accurate estimation of effects of transportation of juveniles past dams than
adul t dat a.

Serial Releases. --Delayed releases of coho salnon (June and July) from
Cascade, TouilTe, and Washougal Hatcheries, generally showed increased juvenile
catch percentages that of ten were significantly greater than catch percentages
of groups released at the normal release time in early My (Table 31). Adult
recoveries showed increased returns fromlate May and June rel eases as
expected on the basis of juvenile recoveries, but July releases displayed an
erratic pattern (Westgate et al. 1981, 1982, and 1983a; Schnei der and Foster
1981).

In July, high water tenperatures in the river and the ocean may have
affected the survival of coho salnon groups during transition to seawater
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Table 30.--Survival differences between fish groups transported past dams and
those not transported; from catch percentages at Jones Beach,

1977-1983.

ADOCT RECW:
BELEASE_INFDRNATION JONES_BEACH RECOVERY INFORMATION  INFORMATION Esti
stin, sur,
Tng a/ Median Flou @ Flow @ change of
(e /W70 Fish  fish Jores  Ady, Does  Boan tmm_?ﬂl
rands Nusber Date catch recov, Beach ¢/ cat.d/ Observed e/ possed Dan ! ?uv. ady
Hoc Syn Rot)  Site/sourceitreatnent) b/ (thou) {(da/me/yr)_ imo,) date {kewsi {I)" mo.d_ (1) (aoe) (kead) (0 1D
SUBYEARLING CHINOGK SALMON
091'16/12 Upstrean Willaw, Falls/Mumsville Pd, 44,6 o4 pr 77 29 iMay 45 0,434 I 0 -
09/16/1 {contral) 43,1
09/16/1! ds Willas, Falls {trans,) Hed Mhpr?7 S04 ey 45 0.557 3 003 0y B -23
09/16/08 ' 72,0
09/14/07 ’ 43,5
0772417 Bonneville Hat. (control) 1058 23 Apr 82 262 OlMay 10.0 0.54 - - -
07/26/63 Unitilla R./Boaneville Hat. 102.3 14-20 dpr 82 137 {OMey 10,2 9,137 - - -3 7.8 -47 -
(upstreom trans.}
07/28/27 Bonnt. Hat, {Controi) 100,316 n 83 111 I0Nay (0.4 0,148 - - -
07/28/26  Vernita Br.{upstreas truns.ltule} 100.2 02 Jun 83 7 lel 7.5 0, 078 - - -4 742 -2 -
05/04/26,RASUL Xooskia Hat. (cuntrol) 357 BNy 79 N 17 5.5 0-058 S 001 -
05/04/27 ds Boon. Das {trans.) 4.3 00 My ¥ 38 May 8.4 0,102 I o0 8 Sed n »
05,/04/21 Asotin, WA/Hagersan H. {control) 4.0 21 My 19 3 03l 42 0012 18 0.04 -
03/04/20 DS Bonn, Dam {trans.) 14 20 My 19 M JiMey 7.4 0 177 1¥2 0,38 5.0 49 g5
05/05/27  Asotia, WA/Hagersan W, {contrel) 58,0 03 May 30 5 Man 9,1 0 023 79 Q.48 -
05/05/28 ds Bonn. Doa {trans.) 3.0 04 Jun 80 M 150 90 0,094 43 008 & 8.2 A3 -
10/22/14  Asotin, WA/Hagetman M. (control} 954 2 My B1 21 18kn 11,2 0,064 196 035 -
10/22/11 ds Bon. Dom (trans,) 35,7 28 Mey 6t & 0lun 12,4 0,132 201 038 8 1.1 80 3
HH’UGNBL LAIFL Mckary Dnl (resevoir control) i3 Zhn-141 78 3 21l 5.7 0,108
WHYWXY W0 170ul-015ep ?8 0 - - 0,000
All Reservoxr Control i/ 38t 29Jun-0!59g I Nl 5.7 G.042 54 0.14
BHORGNLG RAICT ds Bonn. Dam {truck trans.) 17,0 28BJun~|3Ju 7 ldjul 4.8 0.15 3
WHLG, RATES 34 19ki-0Mg B 7 1SMmg 3.9 0,627 3
All Tmck Transpart :u' 20,4 28.Jun- JOMq 78 14 1l 5.7 091 28 146 3 3.7 55 942
HHY\IB..LB LA, 3 HcNorv Jan{ reservoir control) 19,8 054ul- IJM? 4 lohu? 37 040 -
HRDYWPK/ MeMary Dantiailrace control) $4.7 12J0en-170ul 7§ 16 154 4.0 0.077 -
HHR&PKDR.LA!HI 34/
WHLEBYWLE, LAIN? ' 40,4 2001 -0bAu 79 2 OJAmi .6 0.013 -
BLACK, LAk ' 0.3 1lApr-03de 2 Ol 44 0.M8 -
UHRI]LBPN LAIN4 . 19,9 08-24 Aug 79 ] - - 0,000 -
mnntm'n LASZ,3 ' 0,6 148ay-2{.Jun ?9 0 - - 0,000 -
All To:lrnte and Reservoir Control i/ 1357 Ilfpe-2Aeg 79 24 230 3.8 0,052 85 006 -
WRILGFK,RA32,2 ds Bonn, Dom {Lruck-trans.) 3.4 1dMay~21Jun 79 22un 7.0 0.M45 3
WHRDOPKLE,RAT +1 b 455 12-29 Jua 79 141 28un 6.9 0,44 3
Inll-lBYlI.EanHz ' 41,2 Mi-Obhug 7% 29 Odhug 45 0,234 3
WHROLBYH,RAI +4 ' 18:5 08-4Mug?? 20 1% 3.9 0.9 3
WHRIPKOR,RAT+3 . 22 5 02-17 ul 79 U 18l 5.7 0.2 3
{RAZL ' légr-g2ul 79 ¢ - - 0,000 3
ALl Tryck Transport Groups 1329 16 ﬁn-ﬂﬂug n 22! 1Sl 4.8 0,301 M8 041 3 . L7 X -
LMFI Medary Daa (tailrace control) 39.0 09 un-14.u) 8O 4 200l 42 0,033 -
Bl S 16-31 ki 80 7 OMug 4.9 0,030 -
All Tnllruce Control i/ 84 6 0%un-Jllul 86 & 2% e 0,027 1 o043 -
m,nnlcx ds Bonn, Dam ttreck-trons.) 40,7 18Ju1-0lhug 80 34 211l 4.8 0.248 k]
RAICL 3%.5 13hn-17Jul 80 40 10U 5.1 0.774 3
hlf Truck Trnnsport Group i/ 80.2 13Jun-0lMug BG 74 150w 5.3 0.27 B o041 3 5.7 810 215
03/17/32.LMH!-4 Hchary Das(tailrace control) 42,6 09-29 Jul Bl 10 0SAu 5.4 0.087 15 0.04 -
03/17/33 45 Bonn. Dam {Lruck Aransy) 429 0931 WIBI M 240 &2 0212 &6 015 3 5.7 200 275
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Table 30.--continued.

LAH1,2(23/16/09) McMary Das(tailrace control) 5.6 24-26 Jun 82 1 26lul 6.0
LAIF1,3(23/16/09) * 3.0 29hun-01dul 82 0 - -
LMCI 3(23/16/11) : 305 06-13 ul B2 2 28l A
16/11) * 8,3 15-17 Jul 82 1 28} 8.4
LMFZ.A(Z]/\AIll) ' 7,0 20-22 Jul 82 1 02Mg 3.4
s [ paug oo
Al{ ::41 race Control Groups i/ 3%’.6 2%&«.-0%“»3 52 9 Jul T4
RAV1(23/14/10)  ds Bann. s (truck trans,) Se4 25Jun-02Jul 82 7 Oldul 12,2
RAV2(23/16/12) 18.8 12-21 jul 82 B8 1%l 7.3
RAV3(23/14/14) * 15,5 26Mul-06Aug 82 B8 Q8Au 8,3
All Truch Transport Groups i 39.7 25Jun-0bhug 82 23 244 8.4
LA(Z%%“MLS"L NcMary Dam (tailrace control 15.0 08-15Jul 83 10 22l 7.3
LA271,38L521 * 14,7 20-27 1 83 0 - -
(23/14/30)
LAX1,3(23/16/30) ' 10.6 29ul-05Aug 83 ¢ - -
All Tailrace Control i/ 69,3 16Jun-025ep 83 10 22l 7.3
RATJ(23/14/25) ds Bonn. Doa {truck trans.) 15,0 07-14 w183 3 20l 7.5
RA1J3(23/14/28) * 140 19-25 Jul 83 5 Ml 7.3
RAIJ2{23/16/31) * 642 30Jul~02Aug 8 0OlAu 842
All Truck Transport Groups 353 07.Iul-0"huq 83 16 2%Ju [
RA31{23/16/28) ds Bonn. IJun (borqa trans.) 15.0 10-15ul'83 7 13l &5
RA33(23/16/29) 15,2 18-26 ul 83 3 24kl 6.4
RA32(23/14/32) 8,6 28Jul-0lAug 83 3 Odhu &7
All Barge Tmnspnrt Groups 1/ 18.8 lOJuH)lAuq 83 13 19 13
05/49/01,R001  Spring Cr. Hqt. (control} 759 08 Apr 77 25 9pr 3.9
owswox,mu ds Bann. Dam {trans.) 76.0 08 Apr 77 304 0Mpr A7
05/62/01 Sprmq Cr. Hats (control) 92,1 184Apr78 175 Q2ay 9.8
05/54/01 ds Boan. Daa {trams.) 98,1 20Mpr78 201 JoApr 9.8
05/07/41 Spring Cr, Hat. (coatrel) 76,7 15Apr-0SMay B1 228 23May 7.9
05/07/49 : 30.9
05/07/42 ' 43,4
05/07/43 Rock Cr. (upstream trans.} 257 21 #Apr 81 6 28Ny 10,9
03/02/46 * 150,35 21 Apr BL
05/10/51 Spnn? Cry Hati(control) 38.8 15 Apr 82 84 /Mpr 94
05/10/57 Unitiila R.{upstrecw transs)  102,3  08-13 Apr 82 153 OdMay 10.0
05/08/51 %7
07/17/08  Upstreas Willes, Falls/Stayton Pd. 50.9 3iMay-Olun 78 96 12Jun 8.3
0717/10 contro 1, .
07/12/09 ds Willem. Falls (trans,) 51.2 3iMay-Olun 78 100 tlun 8.3
JEARLING CHINOOK_SALMON
02/25/47 Bonn, Hat.(control/late fall) 49,9 23 Mer 83 13 0SMpr 1241
07/27/41 Unatille R.(upstreun truns.) 99.6 24Mar-18Apr 83 19 1dMay 10,4
WHLRGN,LAANA  Carson Hat. (control) 41,0 03 Moy 79 28 1y 97
WHLBGM,LAAN1  Pasco (upstreqs trens.) 9.0 2BMpr 79 33 iy Bl
HH.BHH.B RAY! ds Bona. Dae (trans,) 38,3 2iMpr-07Moy 79 126 0%y 9.7
WHLBBL , RAYA : 34,
UIlBYHYH RAT1 * 40.4
WHLBYWXY .RMZ * 17.8
’%JD"};/QS Entiat Hn!.. (control) gg.g 25-26 Apr 78 43 20May 9.2
LDANS Vernita Bridge(trans,) 16:6 02 Moy 78 13 23y 87
09/16/21 S+ Santias H, (control) 5.0 13 Mar78 2% 08pr 19
09/14/22 ’ 29,9
09/16/24 * 14,9 '
09/16/23 ds Willam, Falls (trans.) 26,9 13 Mar 78 &7 OMpr 7.9
09/16/24 * 2448
09/18/25 ' 13,4
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126 0,07

360 0,20

5 0m
18 0.01

451 0.8

786 1,21
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3
3
3
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3
3
3
3 21 -
1 3.1 2 [
1 8.7 & 9
'2 6'5 -73 -64
-2 .1 -0 -6
1 03N 2 23
-3 8.5 -58 -
-4 82 355 -6
1 1.6 13 -9
4 7.4 117 -
1 G.4bh/ 182 86



Table 30.--continued.

07/19/26 5. Santiem H. (control} 315 07 Nev 78 0.009 170 0.18

Qrriorm -' i

07/19/29 ds Willes, Falls (trans.) 32,6 07 Nov 78 9,018 182 0,28 NA 6 56
07/19/30 ’ 32.8

07/19/1%  S. Santiom H. /Dulndqe He(control) %1.6 21 Mar 78 0.168 122 0.13

07/19/20

07/19/21 32.4

07/19/ ds \hlla-. Falls (trans.) 342 23 Mar 78 0,243 60 0,06 040/ 58 -54
07/19/ h 34.5

07/19/24 * 35,3

07/19/45 S+ Sontias H. (control) 2%.4 14 Mar 80 0.184 84 0,14

07/19/46 * 29,9

07/19/48 ds Willam. Falls {trans,) . 14 Mar B0 9.1 63 0,10 0,90/ 47 -2
07/19/47 ' 324

10/03/30,LAPP2 Kooskia Hat. (control) 83,8 12 Mpr 78 0.073 26 0,03

WHRDX Y,RHU ds Bonn, Dul {trans.) 37, 26-28 Mpr 78 0,044 »00 8.7 -18  -82
WHRDLR,RAL L 37.0

WRDYH,RALS N 35,4

WHRDFK RAL2 ' 36.9

mme mmm amn cmm mmm mma eem e cee eme e e e moe e mm— ece ame aee - amm e e aen
05/05/32 Kooskic Hat. (control) 61,3 18 hpr 80 0,044 9 0.01

05/05/29 ds Boan, Daa itrans,) 62,3 14 Mpr 80 0,072 3 000 7.3 83 -67
63/17/0" Leavenworth Hat. {(control) 95,2  25Mpr 78 0,090 90 0.09

63717703 Leavenvorth Hat, (hauled 4 h) 94,3 0.070 8 0,01

63717704 ds Priest Rap. (trans.) 94,4 09 May 78 0,115 7 0 J.8x 28 -9
63/1B/09 Leavenvorth Hat. (control) 97,5 26 fpr 79 0.142 S5 0,06

63/18/10 Leavenworth Hat, (hauled 4 b)  100.3 0.115 5 0.00

63/18/08 ds Priest Rap. (trans,) ?4.8 15 Hay 79 0.209 2 000 28K/ 47 -9
03/46/02,LAP11 Leavenvorth Hat. (control) 32.8 ZMpr-omuv 80 X0 0.032 4 0,00

03/47/02,LAP12 32

03/51/02,LAP14 : 33.1

03/48/0:.;U\PB White Bluffs (trans.) 32,0 24Apr-OlMay 80 0,085 & 0.0t 3.3k/ 177 48
03/49/02,LAPP1 32,6

03/50/02,LAS1 3544

g%/ﬂ/glz’ Mgé Dalton Pomt (trans,) g%d 24Apr-018ay 80 141 0.113 2 0,00 68%k/ 283 -75
03/45/02, Rﬁ93 ' 32,4

03/52/02.RMK1 * 3.9

03/53/02 ,RAIK2 ’ 32.8

03/54/02,RAIK3 ' 3.4

RDF1 Pasteros Ferry/Leavenworth H, 15.3 05-13May 80 23 070un 9.0  0.041 - -

DF1 (upstrean control) 164

RDIY3 ¢ 13,4

LBIY3 * 15.3

RBIL2 ' 13.9

LDIL2 R 15.0

{gg ds Priest Rapids D, (irans.} }25 22-27 My 80 48 0SJun 9.0 0,090 - - S 3.8/ 120 -
RDIL3 ' 14.8

LDIL] ’ 15,2

RDIY2 ' 13.2

LDIY2 ' 15.3

ROF3 Richland, WA (trans.) 15,8 22-29May 80 40 03Jun 9.0 0,074 - - 5 3.8k 80 -
LOF3 N 14,3

RDIY1 ' 13.9

LhIYi ' 15.4

RDILL * 13.7

LDILL ' 15.9

07/16/09 Rnd. Butte Hat, (control) 86,5 22 May 78 91 un . 8.3 0218 1 0.00

07/16/10 ds Bonn, Das (trans,) 71,3 30May78 110 O03m 7.5 0.25 5 0601 2 8.7 5 365
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Table 30.--continued.

07/18/24

fnd. Butte Hat. {control) 48,8 23-31 May 79 240 OSMhun 6.2
07/18/25 * 0.1
07/18/27 . ds Bonn. Das (trons.) 496 J0May 79 149 O02un 7.
63/18/12 Winthrop H. {control) 62,3 20 Apr 79 16 3IMay 7.4
83/18/11 Hethow R. (hauled 4 h) 84,2 24 ppr 79 34 27May 8.4
63/18/20 ds Priest R, Dam (irens,) 7746 18 May 79 73 O0lun 7.8

COHD_SALNON
WHORLGOR,LAPP2 Pasco, WA/Carson Hat.(control) 44,0 03 May 78 47 19y 92
WHORORXY,RALL ds Bonn. Dam (trans.) 297 01-04May78 23 1iMay 9.2
WHORBLOR,RAL2 ' 8.9
WHROLD Willard Hat, (control 19,9 24May-08Jun 78 11  1ildun 8.3
WHORLBYN ’ 19.8
WHORYWOR ds Bonn, Daa {irans.) 19.7 08 Jun 78 2 1w 83
WHORYWGN ' 19.3
05/03/59 Willard Hat. (control) 42,4 1423 May 80 21 30May 9.0
05/03/58 * 43,0
05/06/54 ' 514
05/06/60 ds Bonn. Dan {trans.} 3.7 U2 My B0 29 JiMyy 90
05/06/50 ' 47.9
05/06/9% : S1.4
STEELHEAD
WHLBYM,LAANL  Icicle Cr./Chelan Hat.(control) 24,1 26 Apr 79 55 24May 8.4
RHLBPK , LAAN2 0,2
WHLBLGLAANS 19.2
WHLBOR,RAY]  ds Bomn, Dan (trans.) 28 2Xkr7? 80 08May 97
WHLBRD,RAY2 4.3
WHLBWH,RAY1 23,3
05/04/53 Duorshak Hat. (control) 8/1b 9.1 17-25 Mpr B0 124 O7May 8.8
10/21/62 ' 6/1b 46,9
10/21/41 ! 9/1b 49,2
10/21/19,LD41 ds Bonn. Dam (trans,) &/1b 40,0 29May-02May BO 95 OSMay 8.8
23/06/06,LAIK3  Dvorshak Hat, (control) 29.8 19 Apr 82 13 f2May 10,2
23/06/07,RAL3  Skamania Light (trans,) 32,2 2Mpr-0lMay 82 37 Whpr 9.4
23/06/08,RALA ’ 33.0
23/16/05,RAL2 . 32.
23/16/04,LAK2  Duworshak Hat. (contrel) 31,0 30 Mpr 82 21 20May  10.9
23/16/03,RAPP1  SKaman1a Light (trans.) 29,5 22May-03Jun 82 195 2%May 11,0
23/16701,RALY ' 3.9
43/28/38,LA51 Lyons Ferry {conirel) Shé  01-20 May 83 68 2May 12.2
63/23/39,RAS1 Wallowa Hat. (upstreas trems.) 33,0 09-13 Moy B3 96 28May 12,2
63/28/40,RAS2 ' ' 78
WHORORRD,RAL3 Ringold Mat.{contrel) 176 05 May 78 11 1BMoy 9.2
BHORLGYW,RAL2 Nethow R./Mells channel 19.9 27Apr-08May 78 17 26May 8.7
WHORORXY,LAPP1  (upstrean trans.) 20,3
WHLBPKLG,LAII] Nethow R./Mells channel 18,3 09-14 May 79 13 28May 76
WHLBPKYW,RATJL  (contral) .
WHLBLB,RATL  ds Bonn. Dan{irans.) 9.7 12 May 79 12 1SMay 841
WBLOR ds Priest Repids Daa/Wells channel 20-24 Apr 82 25 08May 10.2
{downstrean control}
WHBLWH  Nethow R./Mells channel (upstream trans.} 19-23 apr 82 23 20May 10,9
RAS2 1 ds Priest Rapids D./Mells chennel 22,4 19-27 Apr 83 49  12May 10.4
{dounstreas control)

RA1Z 1 Hethow R, (upstreaa trans.) 20,0 19-27 Apr 83 23 1May 9.2
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Tabl e 30.--continued.

More conplete information available fromDaw ey et al. 1985b or rel easing
agency Table 21. Binary coded wire tags: Ag=Agency, D =Data 1 code,

and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the following:
Loc=Location on fish, SyneBrand symbol, and Rot=Rotation of symbol. For
abbreviations, symbol, and descriptions see Dawl ey et al. 1985h.

Transport groups with tinme period fromfirst to nmedian fish capture at

Jones Beach in 2 days or less were not included in analysis. Abbreviations:
Bonn=Bonnevi |l e, Br=Bridge, D=Dam ds=downstream Hat=Hat chery, N=North,
NA=Nonappl i cabl e, R=River, S=South, Trans=Transported, and WI|lanrWI| | anette.

Conbi ned weekly average flow volunme of Colunbia River at Bonneville Dam
Wl lanette, Lewis, and Cowitz Rivers during week of nedian fish recovery
at Jones Beach; kcms = 1,000 md/second.

Beach plus purse seine data adjusted for effort and flow at Jones_Beach
(catch % of recovery at lowest flow increased by 8.5% per 1,000 m/ second
difference). Conparisons not made for actual catch less than 10 transport
fish. Mark groups were combined where possible to exceed the nininum
Prelimnary observed data; dashes represent no data avail able.

Vieekly average flow volunme of Colunbia River at Bonneville Dam during week

of mean date between release and median fish recovery at Jones Beach--represents

best flow during passage through dans.

[(Percent recovery transport group = percent recovery control)] x 100.

Wekly average flow volume of Colunbia River at Bonneville Dam during week of
mean date between release and nedian fish recovery at Jones Beach.

Conbi ned data conpari son.

WHRDPKOR al so used for test group (Brand = RA | + 3). Tag not included in
adult recovery information.

Weekly average flow volume of Colunbia Rver at Priest Rapids Dam during the
week follow ng rel ease.

Wekly average flow volume of Snake River at Ice Harbor Dam during the week
following rel ease.
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tabple o1L.--Jones peach catches and adult recoveries for serial releases ot coho salmon,
1977-1983.

Release information at Jones Beach

Flow @ Flow odg.

Recovery information

Juvenile catch Date of fidult recoveries g/

effori” median Jones catch observed-—cunulative
Toa o/ Nusber Date  Size ¢/ adj, 4/ fish  Beach ¢/ 7 kems  Yolal 2yt Jyr 4 yr
{Ag/01/02) Source b/ tthou)  (da/mo/yr} {no./1B)_ (no.)  {(X)" recovery (kcas)” _(X) £/ (no.,)_(X) (%) (1)
07/286/06 Bonneville Hat. 26,9 02/May/83 15’ 2 0.081 14 Kay 9.2 0,096 - -
07726707 27,3 31/May/83 14 28 0,112 I Juwm 2.2 0.162 -
07/19/08,11  Cascade Hat, 4.8 07/May/79 23 36  0.082 18 May 8.1 0.090 32 0,01 057 -
07/19/07,10 . 3.0 072/ un/79 23 89  0.147 14 Jun 3.3 0.128 837 0,00 1,20 -
07/19/09,12 49.8 06/ Jul/79 23 106 0,444 13 Jul 4,0 0,331 439 0,00 0.88 -
07/19/63 Cascade Hat. 29,2 28/fpr/B0 A 13 0,082 17 Hay 16 0.086 12 0,00 0.04 -
{for reference}
07/21/27,30  Cascade Hat, 1.6 06/May/81 17 2 0,109 17 May 8.7 0,104 987 0.00 1.1
07/21/28,31 54,0 08/Jun/81 17 4 0,102 10 Jun 10,2 0.130 1760 0,00 3.26 -
07/21/29,32 38,6 06/Jul/81 17 32 0,131 10 dul 7.4 0.138 1447 0,00 2,36 -
07/24/29,33  Cascade Hat, 33,9 25/May/82 18 55 0,106 31 May 1140 0.142 310 0,00 0.35 -
(for reference)
07/27/47 Cascade Hat. 43,1 24/May/83 17 21 0.059 31 Moy 12,2 0,083 - - - -
(for reference) .
63/19/11412  Tautle Hat. 77:1  07/Hay/79 18 88 0,134 19 Moy 8.1 0.149 1062 0.02 1.38 -
63/17/38,19/13 80,3 07/Jun/79 19 210 0,296 13 Jum 9.5 0.258 1734  0.00 2,18 -
63/19/28,29 80.9 08/ul/79 18 205 0,325 13 Jui 4.0 0.391 836 0.00 l.g}_ T
63/19/31,20/58 Toutle Hat. 78,1  07/Hay/80 19 M 0,192 17 May 744 0,202 333 0.00 0.43 -
(for reference)
63/19/23,24  Washougal Hat, 153,1  07/May/79 17 168 0,139 20 Hay 8.1 0.132 2340 0,02 1,50 -
63/19/25 W/ 73,0  07/Jun/79 20 120 0.187 16 Jun 3¢5 0,163 687 0.00 0.94 -
63/19/26 82,9 07/Jun/79 20 119 0,162 14 Jun 35 0.141 1430 0,00 1.72 -
83/19/27,34 163.1  07/Jul/79 20 388 0,503 13 ul 4,0 0,373 2036 0,00 1.26
63/20/39,40  Washougal Hat, 198.3  08/May/80 18 150 0,135 17 May 7.8 0,142 1368 0,01 0.79
63/20/37,38 i/ 19351 09/Jun/80 18 118 0.104 15 Jun 9.1 0,123 492 0,00 2,40 -
63/19/54,33 213.7  07/Jul/80 19 244 0262 12 Jul 5.3 0.224 8981 0.00 4.20 T
63/21/50,22/02 Washougal Hat, 103.8  30/f0r/B1 18 91 0.110 15 May 6.7 0.107 602 0,01 0.38 -
§3/21/51,22/03 103,3  27/May/81 20 70 0,089 2Jun 10,7 0.119 2483 0.01 2,36 -
63/25/13-17  Washougal Hat, 30,1  25/May/82 21 91 0,182 2Jun 11,0 0.244 183 0.01 0.37 -
(for reference) — e
63/26/45 Washougal Hat. 50,9 15-30/fpr/83 18 40 0,081 & May 9.4 0.099 - - - -
63/27/113-17 52,1 27/May/83 19 338 0,09 1Jun 1222 0.124 - - - -

Binary coded wire tag: Ag=Agency code, Dl=Data 1 code, D2=Data 2 code.

More complete information is available from Dawley et al. 1985b or the
releasing agency Table 21, Hat=Hatchery.

Comparisons limited to groups with less than 20% difference in mean weight at
release.

Number is actual; % represents catch for effort adjusted combined replicates.

Average flow including Columbia River at Bonneville Dam, Willamettg, Lewis,
and Cowlitz Rivers on week of median fish recovery; kems = 1,000 m~/second.

Catch % additionally adjusted for river flow to represent catch at 7 kems.
Percent of total release calculated from observed recovery. No data (-) means
either adults have yet to return, were not collected, or were not obtained from
fishery agencies prior to analysis. Comparisons between groups released at
different times may be erroneous because of differences in ocean distribution,

unequal fishing effort, or sampling effort.

BKD and high pre-release mortality from low dissolved oxygen.

Poor health.
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Del ayed rel eases of subyearling chinook salnmon could not be conpared
because of effects of size differences.

St ocks. -- Estuarine sanpling showed some significant differences in catch
bet ween narked groups from studies evaluating the success of various fish

stocks (Table 32). In 1 of 4 years, yearling chinook salnon of tule stock
showed a significantly greater catch rate than late fall stock released from
Bonnevi | | e Hatchery (Hansen 1982). Yearling chinook salnon releases from

Klickitat Hatchery of wild stock and Wells stock were each different fromthe
Klickitat stock but not different from one another. \allowa stock steel head
showed greater catches than Wlls stock rel eased at Lyons Ferry. A few other
stocks showed significant differences, but fish size was unequal, and in each
instance a greater percentage of the larger fish were captured. Conparisons
were limted to groups with less than 20% difference in body weight at
rel ease

Juvenil e catch percentages correlated well with adult recoveries. In 13
of 18 instances, juvenile catches varied in the sanme direction as adult
recoveries, and in 9 of 12 instances where adult recoveries were significantly
different (Table 32).

Nutrition. --Estuarine recovery data of fish fromdiet studies showed
statistically S|gn|f|cant differences which generally correlated with benefits
of survival observed fromadult recovery data. In 2 years of a 7-year study
with coho salnon at Sandy Hatchery (Wstgate et al. 1983b), estuarine recovery
data showed statistically higher recoveries, from individual diet groups,
which correlated with statistically higher adult survival (Table 33). One
diet group showed statistically lower recoveries, but showed no decreased
survival in adult recovery data. Recoveries of subyearl|ng chi nook sal mon
froma |-year study at Bonneville Hatchery (Wstgate et al. 1983h) showed
statistically higher benefits for one diet in 2 of the 3 years for which it
was tested, and adult recoveries also showed survival benefits for both,
however, onIy one was significant (Table 33). Recoveries of subyearl|ng
chlnogk salmon from a high salt concentration diet at Spring Creek Hatchery

(Leek® ) showed statistical differences in 1983 and not in 1982.

Several diets showed statistically significant differences as adults
whi ch were not apparent from juvenile recovery data

Rearing Density.--Differences in relative survival during mgration to
the estuary were exanined for yearling chinook and coho sal mon groups cul tured

8/ S. Leek, USFWS, Little Wite NFH, Cook, WA 98605; pers. comun
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Table 32.--Catch percentages of marked fish from stock comparison studies.

Release informetion Recovery_inforsation
Taﬂ a/ fidult recoveries e/
(Ag/01/D2) . Jones Beach d/ ___observed--cusulative
rand Nuwber  Date  Size ¢/ Tall Gm{e-r/'é'g'ﬁnq otal 2yr  3yF 4yt 9 yT
{Loc Sys Rot)  Source b/ Stock (thou) (da/mo/yr) (no/18) (no.) {no, (1) (ng,) Xy () €X) (0
SUBYEARLING CHENDOX SALMON
07/21/38  Bonneville Hat:, Tule He5 09 Nov 81 11 3 5 0.041 7 - 001 - -
07/21/42 Late fall  50.7 11 3 { 0,024 4 - 001 - -
07/21/39  Bonneville Hat, Tule 0.0 09 Nov 81 9 3 4 0,085 g -  0.02 - -
07/21/41 Late fall 9.8 9 3 1 0,013 12 - 002 - -
07/23/63  Bonneville Hat, Tule 45,9 0l Nov 82 11 119 4 0.559 - - - - -
07/25/48 Late fall  30.7 12 105 2 0.445 - - - - -
05&6%?163/%'1’%..%.Sul.Hot. Spring Cry 151.2 24 May 78 119 328 0,343 25 0,00 0,01 0.02 0.02
05/03/46-48 Lit.Wh.Sal, 148.8 25 Hay 78 115 334 0,358 10 0.00 0,01 0.01 0,01
63/28/11 Pr Rap Spaw Ch./ Production 204.1 24 Hay 83 84 141 0.0%94 - - - - -
63/26/12 Wild 202,421 Jun 83 43 86 103 - - - -
YEARLING CHINOOX SALMON _
07/16/57  Bonneville Hat, Tule 47,9 13 Mar 79 7 103 0.393 471 - 0,31 0.97 0.98
07/16/61 Lite fall 32,7 8 62 0.403 514 0,39 1.29 1.%7
07/17/38 Bonneville Hat, Tule 43,1 13 Mar 80 ) 92 0.224 158 0.2 033 0.13
07/17/33 Late fall 49,3 ? 70 0,322 140 - 0,07 0.26 0.28
07/21740  Bonneville Hat. Tule 51.9 17 Har 82 7 52 0,435 38 - 007 - -
07/21/43 Late fall  50. 7 48 0,377 20 - 0,04 - -
07/27/01  Bonneville Hat, Tule 37,5 08 Mar 83 7 44 9,226 - - - -
07/25/47 Late fall 49,9 23 Mar 33 & 13 0.052 - - - - -
63/17/32  Klickitet Hate Klickitet 94,6 30 Mar 79 10 45 0.064 232 0,03 0.18 0.25
43/17/34 Wind River 103.3 10 80 0.109 29 - 0,01 Q.18 0.2
63/172/50 Hells 94,2 10 87 0,131 361 0,15 0,35 0.38
09/16/53 Harion Fks. Hat. Carson 50.2 13-15 Har 78 15 17 0.054 18 0.00 0.01 0.04
09/17/02 Minto Santiam  49.4 13 2 0.089 3 - 0,00 0.01 0,01
07/17/25,26,2% Marion Fks.Hat, Carson 144,3 03 Apr 79 16 0.973 &7 - 0,00 -0.02 0.05
07/17/30-32 @ Minto  Santiam 148.2 19 101 0.088 524 0.01 0.19 0.35
07/22/49-51 Marian Fks. Hat. Carson 147.1 16-24 Apr 81 14 24 0,021 49 - 0,00 0.03 -
07/22/52,53 2 Hinto Santiom 81.9 14 27 0,038 59 0,02 0.07 -
07/25/25-27 Marion FKs. Hat., Carson 1508 15~17 Mar 82 14 al 0.041 ¢ - 000 - -
07/25/28-30 8 Minto Santigm 148.7 18-20 Har 82 14 56 0.053 I - 000 - -
07/20/44  Oakridge Hat, Oakridge 30.7 10 Mar 80 8 25 0,202 272 - 0,06 0.34 0.89
07/20/42 Dexter 30,7 9 20 0.148 339 - 0.07 0.67 1,10
07/22/25  Ookridge Hat. Oakridge 2606 14 Mar 81 7 9 0,043 1 - 0,02 0,34 -
07/23/09 Dexter 29.7 7 14 0.104 143 - 0.04 0,48 -
03/06/28 Warm Springs Hat., Early Sua. 10,9 07-14 Apr 80 19 5 0.086 126 - - - 1135
05/04/27 Late Sus, 148,0 19 51 0.039 1351 - 0.80
05/08/24 Wara Springs Hat, Early Sua, 32,7 02 Apr 81 8 4 0,027 ¢ - 0,00 0,00 -
05/08/22 Late Sum. 44,7 8 2 0,062 2 - 0,00 0.00 -
05/08/25 UWarm Spring Hat, Early Sum. 186.0 09 Apr 81 20 16 0.027 3 - 0.00 000 -
05/08/23 Lote Sum, 170.2 09-14 Apr 81 18 48 0.042 10 0.00 0.01 -
STEELHEAD
05/13/34  Hagerman Hat. A stock 39.1 18-20 Mpr 83§ 104 0.383 - - - - =
2 Upper Sal. R, o e e — -
10/24/60  Hagerman Hat. B stock 37.6 12-13 dpr 83 4 102 0,315 - - - - -
g Sal, R. e e e e e e e
LA S 1 Lyons Ferry Het. Wallowa 54,8 01-20 may B3 4 68 0,104 - N - -
Lkps2 Wells a6 4 7 0,016 -
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Tabl e 32. --conti nued.

More conplete information available from Daw ey et al. 1985b or releasing
agency Table 21. Binary coded wire tags: Ag=Agency code, Di=Data 1 code,
and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the follow ng:
Loc=Location on fish, SynmBrand symbol, and Rot=Rotation of synbol. For
abbreviations, synbol, and descriptions see Dawl ey et al. 1985h.

Mre conplete information is available from Daw ey et al. 1985b or the
rel easing agency Figure 21. Abbreviations used are |listed: Ch=Channel,
EFk=East Fork, Fks=Forks, Hat=Hatchery, Lit=Little, Pr=Priest, R=River,
Rap=Rapi ds, Sal =Sal non, Spaw=Spawni ng, W=Wite, and @= Rel eased at.

Only groups with average body weight < 20% difference were conpared.

Actual catch and adjusted percentage catch, purse seine plus beach seine;
conbined replicates.

Percent of total release calculated from observed recovery. No data (-)
means either adults have yet to return, were not collected, or were not
obtained from fishery agencies prior to analysis. Conparisons between
groups released at different tinmes may be erroneous because of differences
In ocean distribution, unequal fishing effort, or sanpling effort.
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Table 33.--Jones Beach catches and adult recoveries for marked fish from studies
of nutrition, 1977-1983.

Release inforaation

Adult recoveries ¢/
Juvenile calches ot  _observed--cumulative

Tag o/ Nusber  Dote Jones_Beach_ b/ total 2yr Jyr 4 yr
_{Mg/01/02) Diet Source {thou) (da/mo/yr} __ (no.) (X} {no,)__(2)_ X} (%)
COHO_SALHON
09/05/13 Herring 8% Sandy Hat.d/ 60,6 06 May 77 23 0,07 10680 0.00 1,75 -
09/06/06 Herring 42 soy 42 372 24 0,08 133 0,00 2,33 -
09/06/07 Herring 6% soy 2X 58,8 26 0.0%1 145 0,00 2,12 -
09/06/08 Sor 8% 40,0 25 0,085 212 0,00 2.2 -
09/06/09 Herring 2% soy &% 60,2 24 0.081 1238 0,00 2,06 -
09/16/44 Soy 6% herring 2X  Sondy Hat, 33,2 02 Moy 78 25 0.0% W8 009 2,73 -
09/16/45 Herring 8% 3440 14 0.05 848 0,05 2.4¢ -
09714/46 Soy 4% herring 4% 32,5 16 0,083 832 007 256 -
09/16/47 Soy 2% herring &% 33.4 26 0.102 843 0% 2.7 -
09/16/48 Soy BY 33.7 18 0.072 857 0407 2,55 -
09/16/4% Menhaden oil 6% Sandy Hat. 34,0 04 Moy 78 21 0.080 835 0,05 2.46 -
09/14/50 Soy oil 62 33.3 24 0,09 7% 0.06 2.8 -

09/16/51 Herring oil 6% 34,4 19 0.074 748 0.04 2.17

09/16/52 MAachovy oil 62 330 22 0,085 71 0,03 2,34

07/17/4%  Anchovy oil 6% Sandy Hat. 22,5 01 My 79 28 013 3 0.0 1,75 -
07/17/30 #enhaden oi} &% 27.4 25 0.114 521 0.07 t.90 -
07/17/51 5oy &1 27,3 32 0151 822 07 2,26 -
07/17/52 Herring 61 22,9 28 0.1 343 006 1,23 -
07/20/31,33 ONP 4 Sandy Hat, 50.4 01 May 80 3 0,139 %7 0.01 0.73 -
07/20/32,34 ONP 2 Fresh & frozes 50,7 3 01K 31 001 1,05 -
07/20/35,36 OHP 2 Acid 50.4 32 0.l M4 001 0,88 -
07/20/37,38 OMP 2 Frozen 92:3 LIS b 4 0,02 1,03 -
07/22/35,57  OMP 2 Frozen  Sandy Hat. 36+3 01 May 81 37 01n % o0 1,33 -
07/22/56,58  OMP 2 Acid 5.3 32 0.07% 735 0.02 1,33 -
07/22/5%,62  Presscake 7.7 ¥ i 1036 0.01 1.80 -
07/22/60,63  ONP 4 57.8 35 0.077 g27 o001 1,60 -~
07/22/61,23/0t OMP 2 Frozen t fresh 58.7 2 6 ¢ 0.0t 1,53 -
T07/25/50,58  OMP 2 Sandy Hat, M2 30 Apr B2 8 0,18 M 012 1,31 -
07/25/51,54  OWP 4 4.9 B0 0,151 42 043 147 -
07/25/49,57  PC-4 5241 84 0170 759 0,20 1.46 -
07/25/53,55  PC-4 543 58 0140 726 0,14 1,34 -~
07/25/52,56  Abernathy 4.3 7 L14 743 0,09 LU -
07/27/31,36  OMP 2 Sandy Het,  109.6 29 Apr 83 77 0071 - - - -
07/27/32,35  Sal. Meal 109,53 87 0,062 - - - -
07/27/33,34  Abemnathy 108.8 73 0,068 “ - - -
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Table 33.--continued,

07/21/33,34
07/21/35536

07/23/41,42

07/23/43,44
07/23/45,46

07/24/14,15
07/24/16117
07/21729,30
07/27/27,28
05/19/35,56
05/10/53,54
05/11/42,43
05/11/44,45

oMp 2
0N 4

e mos as waw Sos "o

GHP 2 Bonneville Hat,
OMP 4
Presscake

mmm esm o ss= mew s

1], 4 Bonneville Hat.
O8NP § (presscake)

-~ — - — - —

Bonneville Hat.d/ 100.5 27 Moy 80

97.5

102.4 12 May 81
105.0

101.9
104,104 Jun B2
106.6

oMp 2 Boaneville Hat. 100,0 04 Nay 83
OiP 4 100.8
74 Salt  Spring Creek Hot.e/ B%46 13 Apr B2
Control ?1.7
7% 8alt  Spring Creek Hat, 100.0 28 Apr 83
Control 104,0

2
56
20
114
?9
84
4!
17t
172
135
139
136
m

0,044
0.0%

¢.104
6.132
0.121
0.081
0,090
0.171
0.1
0.173
0.174
0.136
0.154

37 0,00 0,03
3 0.00 0.03

——— —— i e

61 0,00 0.06
001 007
42 0,00 0.04

0.04
0.03

4/ Binary coded wire tag! Ag=Agency code, Dl=Data 1 code, and D2=Data 2 code.

b/
&/

Percent of totql releqse, calculated from cbserved recovery.
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kumber is actual caich; X cotch adjusted for effort| combined replicates.

No data {-) means either adults have
vet to returny or were not collected or were not obtained from fishery agencies prior to amalysis,
Coaparisons betueen qroups released at different times may be erronecus because of differences in

ocean distribution, unequal fishing effort or sompling effort,

Jean Legesse, ODFW, Sandy Hatchery, 39800 SE Fish Hetchery Roed, Sandy, Oregen 97035,
Steve Leek, USFUS, Litile White Solmon NFH, Cook, Washington 98405,



at various densities of fish per volume of water or per rate of water exchange
(Table 34). Estuarine recovery data for coho sal m)rbfrom Eagl e Creek Hatchery
over a 3-year test series 1981-1983 (Holway2) showed statistically
significant benefits related to | ower rearing density which were al so
correlated to significantly increased survival to adulthood. However,
estuarine recovery data of juveniles fromsingle tests and series of tests
from six other studies showed no correlation with density, even though adult
recovery data showed strong positive correlation with decreased rearing
density; statistically significant for three of five studies. One of the two
groups which showed negative correlation was highly significant, whereas the
other was poorly correlated.

Juvenile recoveries showed differences anong study groups which varied in
the sanme direction as adult recovery data |ess than 50% of the tine which
suggests that estuarine catch data are generally not sensitive in the
prediction of adult survival trends for rearing density studies.

Catch Rate Mdels for Subyearling Chinook Sal non

Marked fish representing all the stocks of subyearling chinook sal mon
cultured in the Colunmbia River basin from 1978 to 1982 (Environmental and
Technical Services Div. 1983) allowed a detailed assessnent of variables
affecting estuarine catch percentages and devel opment of a catch rate nodel .
Future catch data may be conpared to nobdel predictions for examining the
rel ati ve success of survival during migration. Correlations wth several
vari abl es were examined for upriver release groups (upstream from John Day
Dam > RKm 347), downriver release groups (downstream from John Day Dan),
conbined groups, and individual stocks. Variabl.es exam ned were fish size

no. /Ib), moverment rate (knmfday), river flow (m/second), date of recovery
éJuIian date), and distance of mgration [release site (RKn- capture site
(RKm], Catch percentages were standardized to 7,000 m/ second river flow for
all data, 1977-1983 (Table 34). The equations are given in the original data
units but the statistics were calculated using normalized units. Catch
per cent ages of upriver released fish showed a significant linear relationship
wi th distance of mgration, fish size, and river flow This rel ationship
is: Y = 0.1645 - 0.0001760X; -0.0009868X> + 0.01569 (in normalized units
the equation is: Y = -0. 21039‘( -0.3428X, + 0.5350X3; Ry = 0.53, F = 12.76 at
2, 19 df with P < 0.001). V\hlere Y is catch percentage, X is distance of
mgration, Xo is fish size, and X3 is river flow.

In some cases, catch percentages for individual stocks showed a
significant relationship to particular variables. Data fromgroups reared at
Bonneville and Little Wite Salnmon Hatcheries (primarily downstream rel eases),
Pri est Rapids Spawni ng Channel, and Hagerman Hatchery (primarily upstream
rel eases) provided the follow ng relationships:

9 3. Hol way, USFW5, Eagle Creek NFH, Rt. 1, Box 610, Estacada, OR 97205;
pers. comun.
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Table 34.--Jones Beach catches and adult recoveries for marked fish from studies
of rearing density, 1977-1983.

Release information

Thg o Adult recoveries c/
(Ag/B17D2) Juvenile catches observed-—cusulative
rand . Nusher  Date Jones Beach B/ Totel 2 ;r 3 gr ] ¥r Tyr
fLoc Sym Rot) Source lNensity {thou) (da/mosyr} (mo,) AT tno) (2) (X} (%) (%)
| YEARLING CHINODK SALNON
13/09/11,12 Cowlitz Hat. Hiah@/ 176:8 08 Har 77 BO 0.132 2008 - 0,35 0,90 1.14
13/709/14,11/04 Me 123,5 55 0.107 2124 - 0.5 1.3% 1.72
13/13/01,04 Low 56,7 24 8,111 8% - 0,74 1.09 1,58
63/17/09,10 Cowlitz Hat. 8.0 lbs/gal/wind/ 177.4 08 Nar 78 213 0,419 382 - 1,14 2,70 3,17
83/17/17,18 4,3 lbs/gal/min  140.,7 134 0,316 4318 - 1,32 3,23 3.83
63/17/11,12 6,0 lbs/gai/min  115.3 162 0.448 4379 -~ 1,42 3.28 3.80
83/16/12,13 3.0 lbs/gal/min D440 Y 0,305 2280 - 1.51 3.49 4.07
RA T I Kooskig Hat, 0,29 lbs/ft ?&qg/ 14,7 04-12 Apr 83 11 0.075 - - - - -
R T 2 0,08 1bs/ft 7in 8,2 4 0,050 - - - - -
COHD_SALHON
63/24/20-24  Cowlitz Hat. 20.0 lbs/gal/min 51,0 03 Hay 82 95 0,194 436 0,15 0.85 - -
&3/24/25-29 19.8 lbs/gnl/ain 52,9 72 0,143 9 022 1.2 - -
63/24/40~44 12,7 bs/gal/min 53,2 101 0.197 671 031 1.2 - -
43/24/35-39 12,4 lbs/gal/min  5i.2 92 0.182 %56 0,27 1,09 - -
63/24/45-49 12,2 lbs/gal/min 51,7 95 0.192 610 0.29 1,18 - -
43/24/30-34 11.6 1bs/gal/ain 52,3 81 0,158 45 0,22 0.§§_ -
63/26/13-17  Cowlitz Hat., 22,9 lbs/gal/min 52,4 03 May 83 84 0,174 - - - - -
63/26/18-22 16,0 1bs/gal/pin 5.1 72 0.145 - - - - -
83/28/33-42 15.0 lbs/qal/sin 51,5 80 0,199 - - - - -
63/26/23-27 14,3 lbs/gal/min 52,1 71 0.152 - - - - -
$3/26/26-32 11,7 lbs/gal/min 31,7 84 0.176 - - - - -
£3/26/33-37 9.2 lbs/gal/min  52.1 80 0.1861 - - - - -
05/08/26 Eogle Cr. Hat. 0,45 lbs/ft¥inf/ 127.8 22 Apr 81 180 0,185 1702 0.14 1.33 - -
05/08/28 0.30 lbslftglin 83.7 134 0.219 1106 0.16 1.32 - -
05/08/27 0,15 los/ft°/in 436 &2 0.184 678 0.21 1.5 -
05/10/39,40  Eagle Cr. Hat, 0.45 1bs/ft37in 134,906 Moy 82 229 0.179 766 0,01 0,57 - -
05/10/37,38 0.30 1bs/Ft¥in 85,0 139 0.178 309 0.02 0,460 -~ -
05/10/35,34 0,13 ths/ft°/in 391 1 0,203 79 0,14 0.7t -
05/11/33,34 Eagle Cr, Hat, 0,45 lbs/ft3/in 123,304 Moy 83 154 0,135 - - - - -
05/11/35,36 0,30 lhs/ft%in  BO.2 110 0.155 - - - e -
05/11/37,38 0,15 ths/Ft¥/in 1.2 48 0.187 - - - - -
09/06/02,04 Sandy Hat, High 3.5 27Apr 77 14 0.074 g88 0.08 2.04 - -
09/05/15,06/03 Heg 47,4 14 0.057 B14 0.08 1.1 - -
09/05/14,06/01 Lowg/ 50,7 135 0:063 808 0.06 1,39 - -
63/25/13-17  Washougal Hot. 13.6 lbs/gal/mind/ 50,1 25 Hay B2 44 0.101 183 0.01 0.3 - -
63/25/18-22 12,1 lbs/gal/min~ 50.8 I4 0,084 194 0.00 0.38 - -
§3/25/23-27 9.8 lbs/gal/min 50,7 32 0.072 2594 0.1 0,49 -~ -
63/29/28-32 8:6 ibs/gai/min 50,3 38 04094 268 0,01 0.52 - -
§3/25/33-37 6.6 lbs/gal/min 48,3 40 0,094 143 0,01 0,33 - -
43/2%/38-42 34 lbs/qal/min 40,1 29 0,093 167 0,01 0,32 - -
63/27/13-17  Washougal Hat. 14,3 lbs/gal/win 52,1 27 Hay 83 3B 0.0B4 - - - - -
63/27/08-12 12,5 lbs/gal/atn 52,0 32 G073 - - - - -
63/27/03-07 10,6 lbs/gal/min 51,3 32 0,074 - - - - -
83/28/761-63,27/01,02 8.8 lbs/gal/min  49.4 30 0.471 - - - - -
63/26/56-60 4.8 lbs/gal/min 48,5 24 0,054 - - - - -
63/26/51-55 6.0 1bs/gal/min  39.8 29 0,089 - - - - -
03/09/34-37,44,43 Uillard Hat., 200 gpn/pd 137,27 07 Jun 83 111 0,103 - - - - -
05/09/28-11,42,43 400 gpn/pdn/ 133.3 112 0.099 - - - - -
05/09/32,33,38-41 400 gpm/pd”  131.7 123 089 - - - - -

——— -
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Tabl e 34.--continued.

al

b/

More conplete information available fromDaw ey et al. 1985b or rel easing
agency Table 21. Binary coded wire tags: Ag=Agency, D =Data 1 code,

and D2=Data 2 code. Color coded wire tags begin with WH and each two digits
thereafter represent a color. Brands are represented by the following:
Loc=Location on fish, SymeBrand synbol, and Rot=Rotation of synbol. For
abbreviations, symbol, and descriptions see Dawl ey et al. 1985h.

Actual nunber captured, beach and purse seine:, percent adjusted for effort;
replicates conbined.

Curul ative percent of total release calculated fromobserved recovery. No
data (-) means either adults have yet to return, were not collected, or were
not obtained from fishery agencies prior to analysis. Conparisons between
groups released at different times may be erroneous because of differences in
ocean distribution, unequal fishing effort, or sanpling effort.

Robert Foster, WDF, 115 Ceneral Administration Building, Oynpia, WA 98504.
Production densities about 20 and 14-18 Ib/gal/mn for Cow itz and Washougal
Hatcheries, respectively.

Ted Bjornn, University of Idaho, |daho Oo-og Fi sheries Research, Mscow, ID
83843. Production density about 0.3 Ibs/ft~/in.

Jam eson Holway, USFWS, Eagle Creek Hatchery Route 1, Box 610, Estacada, OR
97203. Production density about 0.45 |bs/ft3/in.

Jean Legasse, CDFW Sandy Hatchery, 39800 S.E. Fish Hatchery Road, Sandy,
OR 97055.

Joe Banks, USFWS, Abernathy SCDC, 1440 Abernathy Road, Longview, WA 98632.
Production density about 400 gal/mn per pond.
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Bonnevill e Hatchery:
Y = 0.2311 + 0.02867X; - 0.0.01399X,
R, = 0.79, F=24.17 at 2, 5 df with P < 0.005.

Little Wite Salnmon Hatchery:
Y = 0.2511 + 0.004045X; - 0.002958Xy
%:OAQF:7Q8m2,6ﬁthP<QM5

Priest Rapids Spawni ng Channel :
Y = 0.01163 + 0.01310X3
R =0.80, t =569 at 8df withP < 0.00L

For the Priest Rapids Spawning Channel distance of nigratzon and fish size did
not contribute significantly to percent catch, although Ry = 0.77 for the ful

model

Hager man Hat chery:
Y = 0.02554 + (2.36323-6) |0g X3
RE =0.96, t = 10.65 at 5 df with P < 0.001.

The full nodel .ith a sanple of nine observations did not yield a significant
relationship (R% - 0.30, at 2, 6 df with 0.10 < P < 0.25). A plot of percent
catch versus river flow showed two outlying observations, and the above
rel ationship was obtained when these were trimmed fromthe data set. A though
this relationship is highly significant, the data set is too small to serve
for anything but a general guide.

W hypothesize that cultural, biological, and environnental variables,
i ndependent of those exanined, have great effects on estuarine catch
percentage, and that sanpling efficiencies are different for individua
stocks, i.e., fromdifferent hatcheries. For that reason, conpiled catch data
fromlower river released fish groups do not provide data which are consistent
for representing nunbers of individuals in the river. However, assessment of
catch data fromsingle stocks, in some instances, provided data consistent
enough to devel op a baseline of expected percentages in relation to those
variabl es examned. Goups released upriver provided more consistency between
stocks for a single variable exam ned.
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Survival of Subyearling Chinook Salnmon to the Estuary

Measurement of survival from release site to the estuary was attenmped for
fall chinook salmon cultured at the largest hatcheries in the river systemto
examne variations in relation to river conditions and specifics of culture.
Hat cheries more than 150 km from Jones Beach were used to provide a migration
di stance long enough for survival differences to become apparent. From 1978
to 1983, fish groups were branded at all hatcheries possible and transported
by truck to release sites about 40 km upstream from Jones Beach. Catches of
the branded fish were conpared to those of tagged fish which mgrated fromthe
respective hatchery to Jones Beach. The branded group was assuned to have
100% survival due to the short distance of mgration, and the difference of
catch percentage between the tag and brand groups was assunmed to represent
survival difference

Variation of survival estimates was high and seemed unrelated to known
variables.  Adult recovery data were not correlated with survival estimates
and as a result those estimates provide no data which at present appear
rel evant for analysis.

Decreased Catches Related to the Eruption of Munt St. Helens

Jones Beach catch data indicated a substantial |oss of subyearling
chinook sal mon during the period inmmediately follow ng the eruption when the
river was highly turbid (34 to 2,800 Jackson Turbidity Units) and an increase

in water tenperature occurred. In 1980, purse and beach seine catches
(145,650 fish) were 51% | ower than the average catch for the previous 2
years--284,267 in 1978 and 309, 267 in 1979. In both 1978 and 1979,

subyearling fall chinook salmon released from Bonneville and Little Wite
Sal mon Hatcheries provided substantial peaks at Jones Beach during |ate My
and June; catches were depressed even though 18.6 mllion fish were rel eased
fromthe two hatcheries (Fig. 40). The recovery rates of marked fish from
releases in 1980 (0.083 and 0.072% for Bonneville and Little Wite Sal non
fish, respectively) were less than half of the 1978 and 1979 averages (0.169
and 0.280% respectively). Adul't recovery rates for the marked groups from
Bonnevil |l e Hatchery were confounded by a nmix of fish rearing conditions
(Tanner Creek vs well water) which has in the past caused different rates of
survival to adulthood. Adult recoveries from groups of Little Wite Sal non
Hat chery were exceptionally low for all years and no difference was detectable
for groups which mgrated in 1980.

Wiile dead or noribund fish were not seen during sanpling, observations
indicated that 15 juvenile sal nonids captured on 28 May 1980 had irritation of
gill filaments, characterized by heavy mucus secretions laden with particulate
matter. The particulate matter and nucus observed nmay have been indicative of
mortality in other individuals which would have contributed to decreased
catch. Fourteen fish were examined on 2 June and their gill filanents
appeared normal. OQher researchers performng bioassays found that suspended
ash from Munt St. Helens affected salnonid gills and caused nortality (Stober
et al. 1980; and Newconb and Fl agg 1983).
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45, 1978
Total catch = 284,267
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Fi gure 40.--\Weekly beach seine catches of subyearling chinook sal non
at Jones Beach, 1978-1980, wth shaded area representing
fish captured from Bonneville and Little Wite Sal mon
Hat cheri es.
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Characteristics of WIld Stocks

Detection of the various stocks of wild fish was inpossible because they
could not be identified unless marked. Some wild fish, however, were tagged
as part of various research projects; fish fromthe Lewis (Nornman 1984),
Deschutes (Lindsay et al. 1982), Warm Springs (Lindsay et al. 1982), and John
Day Rivers (Knox et al. 1984) were seined, marked, and returned to their natal
stream for rearing. Recoveries at Jones Beach (Table 35) provided for sone
assessment of timing, catch rates, and physical condition.

Timng, Size, and Catch Rates.--Mgrational tining, size, and catch
percentage data for marked wld mgrants were conparable to data obtained from
hatchery reared fish. WI!ld yearling mgrants (35 total fish) had simlar
timng to hatchery stocks; March and April for Lewis River fish fromthe west
side of the Cascade Muntains and May and June for John Day, Deschutes, and
VWarm Spring Rivers on the east side of the Cascades. Mean fork |engths ranged
from 117 to 142 mm catch rate averages for fish from each tributary ranged
from0.014 to 0.119% Timing of wld subyearlings fromthe Lews Rver (2,209
total fish; date range of median fish recovery = 22 July-23 August) was |ater
than for mgrants from the Deschutes River (84 fish;, date range of nedian fish
recovery = 1 June-12 July). Overall catch rates (0.069 to 0.353% and nean
fork lengths (91 mmto 106 mm) of wild subyearlings were sinmlar to hatchery
fish.

Timng observations of size-graded wild fish fromthe Lewis River in 1983
indicated that date of passage at Jones Beach was related to individual
size. From 6 to 11 June, personnel of WDF seined, graded into two size groups
(45-54 mm and > 54 nm), tagged, and returned to the Lewis River 96,444 wld
fall chinook sal non (Norman 1984). Average fork lengths of the two mark
groups at tagging were 49.3 and 58.4 mm  Recoveries of these fish at Jones
Beach indicated a distinct timng difference (Table 36); the dates of median
fish recovery were 20 July for the large fish and 9 August for the smaller
fish. Mean fork lengths at recovery were nearly identical (84.6 and 84.3 mm
respectively). Reimers and Loeffel (1967) suggested that in the Col unbia
River tributaries, juvenile salnonids nust reach a mninum size before
mgrating size varying in different streans. Qur observation of the Lew s
River fish seenms consistent with this hypothesis.

Movenent Rates.--Mvenent rates for wild fish were generally not
representative of hatchery fish novement rates past Jones Beach because dates'
for beginning of nigration were unknown; conparisons were not nade.

Concl usi ons

L Mgration timng of juvenile salnonids entering the estuary was
affected by dates of release from hatcheries and other factors which altered
movement rates. In sone instances, fall-released fish groups overw ntered
upstream from Jones Beach and migrated in the spring; size of fish and stock
differences appear to influence the mgration timng.
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Table 353.--Summary of catches, migrational timing, and fork lengths of marked

wild juvenile chinook salmon populations captured at Jones Beach,
1977-1983.

Narked qroups Date renge Mean fork Overall
Total  Nusber of Total  Recoveries  Date range of from 10X to  length  mean fork

River of fige at graups groups  fish adjusted o/  median fish 90% fish range by  length
origin capture  marked coptured wmerked (noy) {X)  recoveries TeCovVery group (nm)

{am)

John Day subyearling - 0 - - - - - -
yearling 35 b/ S¢/ 90,305 13 0.0144 4 May-17 Jun 30 Apr-17 Jun 115-129 118

Deschutes  subyearling 16 10 121,654 84 0,06%0 1 Jun-12 Jul 1 Jun-17 Aug  97-115 106
yedriing 10 3 4,715 8 0.1186 4 Nay-14 May 4 May-16 May 130-150 142

NFK, Lewis subyeerling 23 23 625,803 2,209 0.3530 22 Jul-23 Aug 25 Nay-18 Oct  76-97 91
yedrling - 44/ - 10 ~ 17 Bar-25 Mpr 17 Mar-30 May 110-128 17

kare Springs subyearling - 0 - - - - - . .
yearling 12 b/ 3 170667 b/ 4 0,0226 2 May-4 Jun 2 May-5 Jun  107-145 122

4/ M.justed for standard effort (10 sets beach seine, 5 sets purse seine # 7 days/week), Number of fish recovered
(adjusted for effort) ¥ total nuaber of fish released (including thase of groups which were not recovered),

b/ Includes fish groups marked as either yearlings or subyearlings,

£/ Three groups coded-wire tagged os subyearlings were captured os yearlings the following sesson ot Jones Beach.

A/ Fish coptured were from qroups marked as subyearlings, Most fish from those groups were captured the
previous year as subyearling,
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Tabl e 36.--Recoveries of wild subyearling chinook salnon at Jones Beach from

groups which were seined

size graded, marked, and returned to the

Lewis River by Washington Department of Fisheries personnel, 6-11

June 1983.
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Mean
fork
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2. Movenent rates of subyearling chinook sal non increase wth increases
of river flow, fish size, distance of nmigration, and Na'-K' ATPase.
Correlation to these variables was high for |ower-river stocks, but |ow for
upriver stocks. Increased river flow also increased novenent rates of
yearling fish, but other variables were not assessed because individual stocks
were not consistently narked each year.

3. Cessation of novement in the estuary did not occur; yearling fish
showed no slow ng of nmovenent during passage through the estuary and into the
ocean plume, but subyearling chinook sal non did show a 30% decr ease conpar ed
to rates fromrelease site to Jones Beach. The Colunbia River estuary is not

used as a rearing area by subyearling chinook sal non rel eased upstream from
Jones Beach.

4. Variability among estuarine catches of replicate nmarked groups is
consistent with normal sanpling statistics. Consequently, catch rate
differences anong replicates were used to evaluate differences between
treatment and control groups to provide the greatest statistical precision.
Variability of adult recovery data fromreplicate groups appears higher than
expected, which suggests that subtle differences in culture inpact adult
return rates but are not observable from estuarine catch data

5. Diel novenent behavior showed a generally consistent pattern for each
speci es, thus conparabl e percentages of fish passing for the 24-h period were
sanpl ed during the 7-h norning period.

6. River flow alters sanpling efficiency; catch rates decreased an
average of 8.5% per 1,000 m3 second of increased flow.

7. Sanpling date, fish size, and distance of mgration sonetimes
affected the distribution of catch between the beach and purse seines; such
catch-rate conparisons should only be made between dissimlar groups if the
di stributions of catch are nearly equivalent.

8. Estuarine sanpling showed trends of significantly increased surviva
for mgrants transported past dans, |ate releases of coho sal non (June and
early July), and larger size at release for yearling chinook sal non. Smaller
fish fromsone mgrant popul ations disappeared prior to entering the
estuary. Mnimmsize thresholds for mgration and survival of Colunbia River
coho salnon and wild fall chinook salnon and Wllanette steel head were
supported with Jones Beach sanpling data

9. Particular groups from studies of fish stocks, rearing densities,
and diets showed sonme survival differences, in estuarine catches, but
general Iy differences among groups were not significant. Hghly significant
differences in adult recoveries observed in studies of density and nutrition
were not predictable fromjuvenile catch data

10. Catch rate nodel s devel oped fromthe catch data for subyearling
chi nook salnon provided a reasonably good predictor for certain hatcheries,
but a general nodel for lower-river fall chinook sal mon was not possible due
to differences between hatchery groups. Mbdel s were not devel oped for

yearling fish because groups at individual hatcheries were not marked
consistently through the years.
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11. Survival of subyearling chinook salnmon fromrelease site to Jones
Beach was evaluated for particular hatchery groups released in 1977-1983, but
the precision of estimates was poor in relation to adult recoveries
Apparently, mgration behavior of fish transported and then rel eased close to
the sampling site (controls) was inconsistent in relation to those that
mgrated downstream (test), which caused substantial catch-rate differences.

12. Losses of subyearling chinook sal non appeared to be substanti al
during the date range in 1980 when highly turbid water from Munt St. Hel ens
was passing through the estuary.

13. WId chinook salmon are diverse in their mgration tinmng, size, and
age structure--much the sanme as hatchery reared fish.
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SECTI ON | V ANCI LLARY STUDI ES

Food Consunption of Juvenile Salnmonids Captured at Jones Beach

[ ntroduction

Quantity and/or quality of food consumed during the mgration of juvenile
salmonids is critical to their survival. Snyder (1980) found that inadequate
nutrition reduced swimming stanmina in juvenile coho salmon which could inhibit
their ability to capture prey and avoid predators, thus affecting their
survi val

Interspecific interaction between coho sal mon and steelhead in small
streanms has resulted in agonistic behavior, influencing food consunption and
growh (Stein et al. 1972); it may also influence stomach fullness values in
Colunbia River salnon snolts, especially during years with a high degree of
mgrational overlap of species (Table 37).

Reduced feeding rate nmay be an indicator of poor health or stress, which
decreases survival to adulthood even when food is not limted. N cholas et
al. (1979) speculated that release trauma and unfamliarity with the estuarine
environnment in the Siuslaw River (Oegon) resulted in a tenporary inability of
coho salnon to utilize available food (50-90% enpty stonachs).

Rei mers (1973) hypot hesi zed that popul ation density was a najor cause of
reduced growth rate for juvenile chinook salnon during a 3-month period of
hi gh popul ation abundance in the Sixes River estuary (Oregon) during 1969.
Bottom (1981) theorized a decline in carrying capacity of the Sixes River
estuary for young salnmon in md-sunmer 1980 because of increased foraging
pressure when popul ation density was maxi mum

To evaluate nutrition, interspecific interaction, and snolt quality,
personnel of the the National Marine Fisheries Service examned the feeding
habits of juvenile salnonids in the upper freshwater reach of the Col unbia
River estuary at Jones Beach (RKm 75) from 1979 to 1983.

Specific objectives were as follows: (1) document feeding rates (using
stomach fullness as an index) and diet conposition for juvenile chinook and
coho sal mon and steel head, (2) identify those stocks with a l|arge percentage
of non-feeding individuals indicated by |ow stonach fullness val ues, (3)
exam ne effects of interspecific interaction on feeding, (4) establish a
rel ationship between visual quantifications of fullness and stomach content
wei ghts, and (5) conpare stomach content weights for juvenile fish at Jones
Beach to those in other |ocations.

Differences of stomach fullness between fish from various stocks captured
at the sane tine (i.e., fish experiencing simlar food availability and
digestion rate) are directly related to differences in feeding rate. The
amount of food in a fish's stomach at any point in time is related to food
consunption and digestion rates (Eliott and Persson 1978; Dill 1983).
Digestion rate is controlled primarily by tenmperature (Elliott 1972) and by
the conposition of the food organisns (Elliott and Persson 1978).
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Table 37.--Dates of mgrational peaks for juvenile salnonids at Jones Beach
indicating mgrational overlap, 1977-1983.
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____ _Chinook salmon Coho St eel head®/
Year subyearling . yearli ngc_/ sal mon o
1977 21- 27 May - - -~
1978 I'l-17June 7- 13May 14- 20May 14- 20May
1979 2-8 July 14- 20May 28May- 3June 14- 20May
1980 11- 17June 7- 13May 14- 20May 7- 13May
1981 6- 10June 7- 13May 14- 20May 7- 13May
1982 I'l-17June 21- 27May 21- 27May 21- 27\ay
1983 4-10June 14- 20May 21- 27May 21- 27May

a/ Fromthe date of median fish recovery; not adjusted for
river flow,

b/ Timng based on beach seine catches.

¢/ Timng based on purse seine catches.
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Met hods

Sal moni ds sacrificed for CM identification were used in feeding behavior
evaluations. Mark release information was used to separate species and year
classes of sanpled fish.  Subyearling chinook salnon are predomnantly fall
and summer races, whereas yearling chinook salnon are predom nantly a spring
race (Van Hyning 1973).

St omach Ful | ness . --The subsanples of CM fish were killed by imersion in
a lethal conceniratton of ethyl p-aninobenzoate. Regurgitation during the
killing process was not apparent. Stomachs were excised (esophagus to pyloric
caeca) and cleaned of external fat (Appendix Tables B2-5). In 1979, stonach
were classified as full, partial, and enpty. A fullness value was assigned to
represent the proportion of the total stomach |ength containing food

(externally visible) . A l-7 scale was used to quantify the fullness
observations as described by Terry (1977): 1=enpty , 2=trace of food, 3=one
quarter full, 4=half full, 5=three quarters full, 6=full, and 7=distended

full. Stomachs appearing enpty were opened for examnation, and the Value 2
assigned when traces of food were observed. For analysis, stomachs judged
enpty or trace ( 1 or 2) were termed non-feeding. (oservations of stomach
full ness were made from 3,500 to 6,000 juveniles annually, and subsanples of
stomachs containing food were individually preserved in 10% buffered
f ormal dehyde solution for weight measurements and content anal yses (Appendix
Tabl e B6).

Records included: recovery date and |ocation, net set tinme, fish
meighlg/and fork length (+ 0.5m), fullness value, holding tinme (duration
between capture and ful I ness observation), and tag identification information
(Appendi x Tabl e B7). Iqing tinme prior to fullness observation was
approxi mately 90 m nut esil/

I ntraspecific conparisons of the proportions of non-feeding individuals
within mark groups were nade using the Gstatistic--a log |ikelihood
nodif ication of Chi Square (Sokal and Rohlf 1981).  Conparisons of stomach
fullness means for fish groups with few non-feeding fish were nmade using
anal ysis of variance. Generally, conparisons were not made for groups with
more” than 7 days between dates of nedian fish capture.l? Similar or
replicate tag groups, showing no significant differences (P<O Gb) of mean
full ness, were conbined for conparison to other groups. Wen signif icant
differences were found anong three or nore groups, the Student’s t-test was
used to isolate differences and the significance level of t was adjusted to

10/ Weights of fish were obtained only for individuals collected in 1981
1982 (+ 0.5 g), and 1983 (+ 0.005 g).

11/ Holding tinmes were kept as |ow as possible by selecting only fish that
were processed soon after capture. Times were recorded for individuals
examned in 1981 (after April), 1982, and 1983.

12/ Median data for stomachs observed may not correspond to the recapture
date of the nmedian fish for the entire tag group due to non-representative
subsanpling required to mnimze holding times of the fish selected for
stomach observations.

138



P<Q®/K where K = nunber of means in the original F-test 13/ (Kl ei nbaum and
Kupper 1978).

Frequency curves of fullness value were devel oped for all discrete marks
with seven or nore recoveries. Ni nety-five percent confidence intervals of
mean stomach fullness values were plotted for each species by 3-day intervals
(all tag groups conbined); however, the data are not necessarily

representative of the total mgrant population during the tine period
depi ct ed

Di et Conposition and Overlap,--Organisms were identif ied to the |owest
practical taxon;, 1nsects were further separated by netanorphic stage. Wen
di smenbered prey were present, parts were weighed together, and counts were
based upon the number of head capsul es present. Weight of wunidentifiable
material was not included in the total weight used for ranking relative
importance in the diet. Frequencies of occurrence (FO, nunbers, and weights
were recorded for each prey taxon (Appendix Table B8). Non-feeding fish were
omtted from analysis. The index of relative inportance, IR (Pinkas et al
1971) was nodif ied to rank each taxon (IR’ ) :

IR = %WV X %0
where %V = percent of the total content weight from all stomachs
%0 = percent frequency of occurrence of all salnmonids which
contain the designated taxon.

The nodified IR’ was used to decrease bias resulting fromlarge nunbers
of small food items (MacDonald and Green 1983). Percent IR’ fromthe tota
IR’ is presented.

The degree of interspecific dietary overlap was assessed using bionass of
food categories consumed using the fornula devel oped by Mrisita (1959) and
modi fied by Horn (1966) :

13/ The adjustment of the significance level is required to stabilize the
standard error without increasing the probability of a Type | error for
aposteriori conparisons anmong i ndivi dual means.
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1=1 1 1
CA =
s 2 s 2
I X + TY
1=1 i i=1 i
Where: cx = overlap coefficient

i i ndividual food category

s = total nunber of food category

X and Y = proportion of the total diet, for fish species X or Y,
contributed by food category i.

Only food categories making up more than 1% of the total weight consummed were
used for overlap calculations (Mers 1979). Values of C range fromO0 to 1,
with O indicating no overlap and 1 indicating conplete diet overlap.

Proxi mate Analysis. --For each fish species, proximate analyses of stomach
contents (percentage of protein, ash, and fat) were obtained from pool ed
subsanpl es collected in May and June 1982. Anal yses were contracted to a
private |aboratory.

St omach Cont ent Wi ght.--1n 1982, stomach contents from about half of all
marked fish were renoved, blotted dry, and weighed to the nearest 50
mcrograns; 2,480 total. Al weights were obtained within 4 nonths of
capture.
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Non- Feedi ng Juveniles 1979-1981 and Sone Effects
fromthe Eruption of Munt St. Helens

This portion of the report focuses on the definition of the range of
stomach fullness in sanples taken throughout the spring migration and
identification of biological and environnental factors which appear related
to high incidences of non-feeding. Fish groups used in the analysis were
rel eased in diverse areas of the Colunbia Rver basin (Fig. 41)

In March-June 1979, 1980, and 1981, water tenperatures at Jones Beach
ranged from8° to 16°C, and later in the summer increased to 21°C. In
July-Septenber, high water tenperatures and |ong hol ding times possibly
comprom sed the validity of stomach fullness observations (Elliott 1972).
Presentation of fullness observations for groups captured after June of
each year is limted to coho salnon captured in early July, which were
processed nore rapidly (about 60 m nutes).

The majority of juvenile salnonids were feeding when they entered the
estuary (Fig. 42). In both 1980 and 1981, steelhead had the | owest average
full ness values (2.8 and 3.1) and coho salnon the highest (4.1 and 3.9).

The eruption of Munt St. Helens produced a deluge of debris that
arrived in the river at Jones Beach after daily sanpling was conplete on 19
May 1980.  Turbidity in the river rose to 3,000 J?ckson Turbidity Units
(JTU) which was 500 tines nornal turbidity.lﬂ In attenpting to
determmne the effect of this severe turbidity on feeding behavior of

salnmonids entering the estuary, species, stock, release location, and
timng of releases had to be carefully considered because data from various
rel ease groups indicated all of these factors could have a bearing on
i ndices of stomach fullness.

Subyearling Chinook Salnmon.--Trends of changing stomach fullness during
the mgrations were not observed, however, the percentage of enpty stomachs
in subyearling salmon during late May and into June 1980 increased with the
onset of the turbid water. A sudden increase in percentage of non-feeding
fish was not observed in late May 1979 or 1981 (Fig. 43).

Cbservations fromsubyearling chinook salnon released at Abernathy
Sal mon Culture Devel opnent Center (SCDC) were omtted from conputations of
non-feeding fish shown in Figure 43 because Abernathy fish showed a
non-feeding characteristic, unrelated to the eruption. In 1980 and 1981,
Abernathy fish had significantly higher proportions of non-feeding
individuals (51 and 44% than other fish groups captured during simlar
periods--0O and 9% respectively, for Spring Creek Hatchery and Stayton Pond
fish in 1980 and 10 and 5% respectively, for Spring Creek and Bonneville
Hatchery fish in 1981 (Figs. 44 and 45). W believe the high percentage of
non-feedi ng individuals among fish from Abernathy SCDC was associated with

14/ Measurenents adjacent to or 3 km downstream from the nouth of the
Cowitz River (RKm 106); collected by Robert MConnell, NWS, P.O Box 155
Hammond, OR 97121.
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the close proximty of the release site (RKm 91) to the recovery site
(RKm75).

I ndi vi dual stocks of subyearling chinook sal non had hi gh percentages
of non-feeding individuals following the eruption. Prior to the increase
in turbidity from the eruption, 3%of the Stayton Pond fish captured were
not feeding (n = 34), conpared to 21%after the eruption (n = 19)--nedian
recovery date at Jones Beach was 19 May, 11% non-feeding (n = 54) (Fig.
44).  No other group allowed direct before and after conparisons, but some
groups passing Jones Beach follow ng the eruption showed high proportions
of non-feeding individuals. Spring Creek Hatchery fish rel eased downstream
from Bonneville Dam had 30% non-feeding individuals and Bonneville Hatchery
fish (production and diet study) had 21 and 24% non-feeding individuals,
respectively; simlar groups in 1981 had 10% non-feeding individuals (Figs.
44 and 45).

By early June 1980, food consunption by subyearling chinook sal non
increased toward average fullness |levels observed in the pre-eruption
period and in the follow ng year (Fig. 42), even though water turbidity
during June and July (35 to 130 JTU) remained substantially higher than
normal.  Fish captured during June and early July 1980 were primarily fish
fromKlickitat, Oxbow, Lower Kalama, and Little Wite Sal non Hatcheri es.
The non-feeding percentages for these groups were: 10, 11, 23, and 26%
respectively, conpared to 9% no marked group to conpare, 24, and 8%
respectively, in 1981 (Figs. 44 and 45). Only fish fromLittle Wite
Sal non Hatchery had significantly nore non-feeding individuals in 1980 than
in 1981.

The high percentage of enpty stomachs in early May 1981 (Fig. 43)
primarily resulted from an unexpl ai ned high percentage of non-feeding fish
(279 from Spring Creek Hatchery (0% for a simlar release group observed
in 1980).

Yearling Chinook Salnon.--Percentages of non-feeding individuals in
marked groups of yearling chinook salnmon varied between years, unrelated to
proximty of the release site or effects fromthe eruption. I'n 1980,
mgrants which passed Jones Beach from March through md-April had |ower
stomach fullness values than later mgrants.

From mid-March to md-April 1980, tagged yearling chinook sal mon had
significantly higher nunbers of non-feeding fish than in 1981 (Fig. 42).
In 1980, these fish originated from South Santiam (two groups), Bonneville,
Oakridge, and MKenzie Hatcheries. The percentages of non-feeding fish in
each group were 45, 33, 37, 24, and 40% respectively. In 1981, although
sanpl e numbers were less, only the Cowitz Hatchery group had conparabl e
numbers of non-feeding fish (31%; MKenzie and Qakridge Hatchery groups
had only 6 and 14% non-feeding fish, respectively (Fig. 46).

From late April to early My 1980, the aggregate fullness values of
yearling chinook sal mon increased (Fig. 42) and percentages of non-feeding
fish for most groups decreased (Fig. 46). Year|ing chinook sal mon from
Round Butte, Carson, and Warm Springs Hatcheries had 12, 11, and 18%
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non-feeding individuals, respectively. One exception was Kooskia Hatchery
fish rel eased bel ow Bonneville Dam which had 27% non-feeding fish. During
the sane period in 1981, fish from Marion Forks (South Santiam stock),
Rapid River, and Round Butte Hatcheries had 3, 0, and 10% non-feedi ng
individuals, respectively. In 1981, two groups had a high percentage of
non-feeding individuals: Marion Forks (Carson stock) and Warm Spri ngs
Hat cheries-- 26 and 28% non-feedi ng, respectively. During this period in
both years, the high non-feeding rates could not be Ilinked with
environmental conditions (turbidity, water tenperature, and water flow),
biological, or mgrational characteristics (fish health, stock differences,
di stance of mgration, and release site).

Fromlate May through June 1980, after the eruption of Munt St.
Hel ens, too few tagged yearling chinook sal non(12) were captured to
evaluate differences in food consunption [the migratory population normally
decreases during that period (Dawl ey et al. 1982)]. In 1981, one group
from McCall Hatchery was captured during |late May/early June, and it had
18% non-feeding individuals (Fig. 46).

Coho Sal non.--Coho salmon generally had the fullest stomachs of the
t hree sal noni d speci es. It was unusual to observe greater than 10%
non-feeding coho salnmon within any population in 1980 or 1981 (Fig. 47).
There were no significant differences in the percentages of non-feeding
fish among groups recovered in nmid-My 1980 or 1981.

Shortly after the eruption, three groups of coho salnon from Wllard
Hat chery showed significantly greater percentages of non-feeding fish than
earlier mgrants. Per centages of non-feeding fish were 95, 21, and 17%
respectively, for releases nade at Beaver Terminal (RKm 84), downstream
from Bonnevi | | e Dam (RKm 230), and at the hatchery (RKm 268). The close
proximty of Beaver Terminal to Jones Beach undoubtedly allowed
Insufficient time for the fish to begin feeding prior to capture (all
captured within 2 days). Excluding Beaver Terminal fish, the non-feeding
percentages for these groups in 1980 were about double that of any other
group in 1980 or 1981, which suggested that food consunption by these coho
sal non was adversely affected by the eruption.

By md-June 1980, food consunption by coho salnon returned to
pre-eruption levels (Fig. 42).

Steel head .--Steelhead had the | owest average fullness values of the
juvenile salnonids (Fig. 42). Percentages of non-feeding fish within
marked steel head groups was al nost always greater than 25% in 1980 and 1981
(Fig. 48). Daor shak Hatchery fish that were barged to a release site
downst ream from Bonneville Damin 1980 had significantly higher nunbers of
non-feeding fish (73% than controls which nmigrated from Daorshak Hatchery
(34%. W suspect that the short time between release at Bonneville Dam
and recovery at Jones Beach (88% captured within 3 days) was insufficient
for fish to devel op aggressive feeding behavior in the river environnment.

No single group of steelhead was captured in |arge nunmbers follow ng

the eruption in 1980, but 59% of the 34 tagged fish observed were not
f eedi ng.

149



COHO SALMON 1980

CASCADE TOUTLE

WASHOUGAL SANDY WILLARD
Below Bonneville at Beaver Terminal
17 Moy 17 Mav 17 My 18 Moy 23 May
LER]] ne=51 as117 n=102 L3
40 r r r 7.1 (80)
30 -
20 3
E 10 L
§ A
B
s 1234567
3
§ WILLARD WILLARD WASHOUGAL WASHOUGAL
- 01 June 18 Jura 12 Juiy
-] a=»15 aeN? ne=90
> -
<
€
o
3
o -
3
uw
-
11 11 ,
1234567 1234567 1234567 1234567

Stomach fullness

COHO SALMON 1981

SANDY WASHOUGAL

EAGLE CREEK WASHOUGAL
e o e e i

50 p . - . r

40 5 . 3

30 p S

J
¥
T

10 F

v
e
v

234567 1234567123456717

CASCADE
10 Juiv

n=32

KEY TO
FULLNESS VALUES

Frequency ©f occurrence (percent)
[iN

1 = Empty stomach

" 2= Traca of tood
3 = Quarter full
4 = Halt tull
5 = Three quarters full
& = Fuill
7 = Distended
Shaded = Not esting

wien ceptured
L Unshaded = Eating
when captured

Y

T

1234567

1234567

Stomach fuliness

Figure 47.-- Stomach fullness frequency curves for tag groups of coho
sal mon captured at Jones Beach, March-June 1980 and 1981.
Source and release site, date of nedian fish recovery,
and nunber observed are included.

150



STEELHEAD 1980

40

Frequency of accurrence {percent)

30

10§

40 b

OWORSHAK DWORSHAK
Below Bonneville
08 Moy o8 Mev
n=74 n=10

-

DWORSHAK

0B Mav
n=20

23 N I O B |

SKAMANIA WALLOWA
st Wind River

10 Moy 10 Moy
ne43 as=7

STEELHEAD 1981

Frequency of occurrence (percent)

DWORSHAK TUCANNON
13 Moy 18 Moy
n=110 =22

r r (83)

1234567

2 s IR UR AN
1234567123456712345617

1234567

HAGERMAN
st Pahsimeroi
11 May
a=26

NIAGARA SPRINGS
at Pahsimeroi

10 May
n=37

.

1234567

KEY TO
FULLNESS VALUES

1 = Empty stomach

2 = Trace of food

3= Quarter (Ul

4 = Haif full

5 = Three quarters full

8= Full

7 = Distended

Shaded = Not eating
whan captured

Unshaded = Eating
when captursd

SKAMANIA
at Klickatat Rivr

10 Moy
a=19

1234567

Stomach fuillness

NIAGARA SPRINGS

14 May
n~g8

1234586

Stomach full

WALLOWA

27 Moy
n=13

53

7

12345671

PATTERSON SLOUGH

18 Jure
a=12

234567
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Diet of Subyearling Chinook Salnon and Effects of the
Eruption of Munt St. Helens

This portion of the report docunents the diet of subyearling chinook
sal mon at the upstreamextrenmity of the estuary (RKm 75) from 1979 through
1982 and discusses the inpact of the eruption of Munt St. Helens on that
diet.

The stomach contents from 492 subyearling chinook sal mon coll ected from
March through June of 1979-1982 and 74 collected from July through Septenber
1980 were examned. Data from each year were grouped into 14-day intervals.
The |4-day intervals were selected to separate pre-eruption from post-eruption
(excessive turbidity) sanpling periods at Jones Beach. Conparisons between
years were limted to the March-June period.

During March-June, 1979-1982, Insecta and Crustacea conprised the major
food itens found in subyearling chinook sal mon--54 and 41%IR", respectively
(Tabl e 38). The nost inportant order of insects was Diptera, 16%IR";

however, unidentifiable Insecta represented 35% IR". The nost inportant
crustaceans were Amphi poda and O adocera, which represented 19 and 13%IR",
respectively. Mysi dacea were inportant only in 1982 (32%IR"). In July

1980, insects were the nost inportant source of food (62%IR"), but during
August and Septenber of that year, C adocera becane the nost inportant
constituent of the diet, about 94%IR" (Table 39).

Insecta.-- Insecta were of major inportance in the diet March-June in all
years, particularly in 1981 (85%IR"'; Table 38) when the availability of
anphi pods appeared to be limted.

The types of insects found in the stomachs showed no apparent differences
between years, consequently the data for all years were conbined by 14-day
periods (Table 40). Diptera were the nost nunerous insects identifiable to
order--80.8%  There was no seasonal pattern of Diptera consunption for the
various netanorphic stages; frequencies of larvae, pupae, and adults were
simlar. Homopt era and Hymenoptera (nostly adults) were the next nost
numerous insects--4.7 and 3.7% of the total insects, respectively. | nsects
representing 10 additional orders were identified; however, each represented
|l ess than 3% of the total insect count.

Crustacea --The consunption of anphipods varied fromyear to year. In
1979, peak consunption of anphipods occurred in late March-early April (71%
IR') and in June (85%IR"') (Fig. 49). In 1980, an early April peak at 39%
IR' was apparent; however, the June peak observed in 1979 was not repeated in
1980 after the eruption when the IR' was only 6% In 1981, mnimal anphi pod
consunption was observed, averaging 3%IR"' March-June. In 1982, anphi pods
again increased in inportance with peaks in early April (33%IR") and in June
(20%IR"). Meyer et al. (1981) observed a simlar binmodal peak of anphipod
consunption by juvenile chinook salnmon in the lower Duwam sh River,
Washi ngt on.
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Table 38.--Percent nodified index of relative inportance (IRl‘)a—/ of diet
itens identified in stomach contents from subyearling chinook
sal non captured at Jones Beach, QOregon (RKm 75); March-June,

1979- 1982.
Diet item 1979 1980 1981 1982 Average
I nsecta
Uni dentifiable 38 33 54 14 35
Diptera 6 12 27 18 16
M sc. Insecta 2 3 4 5 3
Tot al 46 48 85 37 54
Crustacea
Amphi poda 40 16 2 17 19
C adocera 8 25 8 9 12
Mysi dacea 2 1 1 32 9
Msc. Crustacea 0 2 1 0 1
Tot al 50 44 12 58 41
M scel | aneous total 4 8 3 5 5
al |R' = weight x %frequency of occurrence.
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Table 39.--Percent nodified index of relative inportance (IRI’)QI of food
itenms identified in stomach contents from subyearling chinook
sal non captured at Jones Beach (RKm 75); 1 July to 8 Septenber

1980.
1 Jul 15 Jul 29 Jul 12 Aug 25 Aug
. to to to to to
Di et 14 Jul 28 Jul 11 Aug 25 Aug 8 Sep
Tot al Insecta 57 68 9 2 0
Diptera 24 24 5 0.8 0
Tot al Crustacea 41 32 91 98 100
C adocera 35 18 87 96 99
M scel | aneous prey 2 0 0 0 0
d R’ = %ue ght x % frequency of occurrence.
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ble 40.--1nsect orders and percent of total insects observed in stomach contents from
subyearling chinook sal non during 14-day intervals, 25 March to 30 June 1979-1982.

Date interva

25tNhr 8tApr 22 Apr 6 Moy 20 May 3 Jun 17 Jun Aver age
0 0

to to to to to of
sect order I Apr 21 Apr 5 My 19 May 2 Jun 16 Jun 30 Jun _intervals
Per cent y

|l embol a 4.1 4.8 1.5 0.3 1.2 0.9 1.1 2.0
hemer opt er a 7.8 2.6 4.8 2.3 1.0 1.3 0.0 2.8
onata 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
ecoptera 0.0 0.0 0.5 0.0 0.0 0.9 0.0 0.2
ocoptera 0.0 0.0 0.2 0.0 0.0 3.6 8.1 1.7
sanopt era 0.0 0.0 0.1 0.0 0.2 0.0 0.1 0.1
diptera 3.8 1.1 0.3 0.0 0.1 0.0 0.1 0.8
noptera 0.0 0.6 15.4 2.3 4.1 7.0 3.2 4.7
eoptera 4.0 2.2 3.2 2.4 3.2 3.4 0.5 2.7
choptera 1.4 0.5 0.5 0.4 0.0 0.0 0.2 0.4
i doptera 1.3 0.0 0.2 0.2 0.0 0.4 0.2 0.3
tera 75.4 83.5 69.8 91.3 81.7 79.0 84.8 80. 8
enoptera 2.6 4.2 3.2 1.3 8.1 3.9 2.3 3.7

Total no.

i nsects 77 180 589 604 836 240 918 3, 444

Total no.

st omachs 44 58 102 78 71 65 74 492

Percent of total nunmber of insects identified
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Three species of Anphipoda were found in the stonachs: Cor ophi um
salnonis, C. spinicorne, and Fogammarus confervicolus. Diet conposition after
the eruption (Table 41) indicated that the population of C. sal nonis was nore
severely reduced than that of the other two species. Bef ore the eruption,
C. salnonis conprised 74% of all anphipods identifiable to species, conpared
to 38% after the eruption. A substantial reduction of C. salnmonis in the diet
of juvenile salnonids following the eruption was al so-observed in the | ower
Colunbia River estuary by MCabe et al. (1981) and Emmett (1982). The greater
reduction of C. salnmonis <could be a function of different substrate
requi renents (Hazel  and Kelley 1966; Chang and Levings 1976; Brzezinski and
Holton 1981; Turk et al. 1980; Turk and Risk 1981; Meyer et al. 1981; Al bright
1982; W/ son 1983). Brzezi nski and Hol ton (1981) found that anphipod
abundance (primarily C salnonis) was decreased after the eruption in areas of
the estuary that had a benthic Tayer of ash.

In the Columbia River estuary, C. salnonis exhibit a bivoltine life cycle
(Davis 1978; WIson 1983). The previous tall generation produces a spring
brood in My which matures throughout the summer and subsequently produces a
fall brood. It appears that the 1980 spring brood, upstream from Jones Beach,
was di srupted by the heavy deposition of sediment fromthe eruption.
Substrate characteristics created upstream from Jones Beach appear to have
i nhibited the recovery of the anphipod population in 1981 as well, as
indicated by their |low percent IR" in the diet of subyearling chinook sal non.

In March-June, Cadocera were of major inportance in the diet only during

1980, averaging 25% IR"' (Table 38). Coi ncident with the decrease of
anphi pods (Fig. 49), the consunption of cladocerans increased sharply
followi ng the eruption. In other years, consunption of cladocerans in

March-June was greater than 10%IR" during only one 14-day interval each
year: 56% 22 April-5 May 1979; 51% 17-30 June 1981; and 58% 3-16 June
1982. In August and Septenmber 1980, cladocerans were the major itemin the
diet (Table 38). Craddock et al. (1976) observed that cladocerans were an
inportant portion of the diet for chinook salmon captured during
August - Cct ober in the Colunbia River at RKm 118.

Mysi ds (Neonysis nercedis) were rare except in 1982 when they were the
dom nant food from md-April to md-My.

Fluctuations in the abundance of cladocerans and nysids in the diet was
apparently unrelated to effects fromthe eruption (Fig. 49). C adoceran
popul ations are known to exhibit extreme variability in their seasonal and
annual abundance (Ward and Whippl e 1918; Pennak 1978). N. nercedi s abundance
and distribution has been associated with a nunber of environmental factors

including salinity, tenperature, dissolved oxygen, light, and river flow
(Hopkins 1958; Heubach 1969; Orsi and Knutson 1979; Siegfried et al. 1979,
1980). However, extrene variations in popul ation abundance from one year to

the next,unrelated to environmental changes, have been reported (Hopkins
1958; Turner and Heubach 1966; Heubach 1969). It is possible that increased
nysid availability in 1982 masked the true extent of anphipod recovery.
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Tabl e 41 .--Anphipod species and percent of total anphipods observed in stomach
contents from subyearling chinook salnmon before and after the
eruption of Munt St. Helens--Mrch-June, 1979-1982.

Bef ore After

erupti of/ eruptionE/
Speci es (% (%)
Cor ophi umsal noni s 74 38
Cor ophi um spi ni corne 22 45
Eoganmar us conf ervi col us 4 17

al/ 25 March 1979 to 19 May 1980.

b/ 20 May 1980 to 30 June 1982 (excluding data fromJuly to September 1980).
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M scel | aneous Prey.--Fish larvae (OGsneridae) were of minor dietary
inportance 1n Tate March and early April 1979 and 1980, 6 and 15% IR".
respectively; none were present in 1981 or 1982.

Imediately following the eruption (20 May-2 June 1980), consunption of
plant material increased fromO0 to 12%IR"'. Relatively high consunption of
plant material also occurred from25 March to 8 April in 1980 and 1981, 9 and
17% respectively, and from6 to 19 My 1982, 10%

Geogr aphi cal Differences.--From March through June, during years prior to
the eruption, subyearTing chinook salmon captured at Jones Beach consuned
simlar proportions of insects and anphipods, whereas upstream from Jones
Beach in the reservoié of McNary Dam (RKm 470-521), fish consumed insects and
cl adocerans (Fairly="), and further upstreamin the free flow ng Hanford
reach (RKm 591-629) fISh consuned primarily insects (Becker 1973). Fi sh
captured downstream from Jones Beach (RKm4-40) consumed primarily anphi pods
(Durkin et al. 1977, 1981).

Feeding Characteristics of Juveniles Entering the Estuary

This portion of the report focuses on the exam nation of feeding rate
differences between stocks, species interaction, dietary overlap, and
conparisons to other geographical areas. Proxi mate anal ysis of stomach
contents are also presented.

St omach Ful | ness Conparisons.-- Differences in nean fullness for groups
captured 1n 1982 and 1983 (Fig. 50) were evaluated statistically and sone
differences were related to biological or release characteristics.
Researchers fanmiliar wth groups exhibiting increased or decreased rates of
food consunption may be able to make additional correlations.

1. Subyearling chinook salnon: Subyearling chinook salnon were captured
in all nonths of the year, and tagged fish showed great variability in nean
full ness (Figs. 51-53). In 1982 and 1983, during peak nmigration (May and
June), the majority of fish captured had higher fullness values than fish
captured in 1980 and 1981 (Fig. 42).

Tenporal trends in variation of stomach fullness between years (1980-83)
are not apparent, but fish fromthree different culture stations and wild fish
exhibited variations that were apparently related to rearing environment,
rel ease site, or pre-release disease incidence.

A higher feeding rate was observed for fish from Stayton Pond which may
be a result of the earthen pond environment. In 1982, the mean ful | ness val ue

15/ r Fairly, US. Fish and Wldlife Service, National Fishery Research
Center, WIlard Substation, Star Rt., Cook, WA 98605; pers. commun.
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LEGEND
Index Site Ha Index Site s Index Site [.{]
LDVER COLUMBIA R, § TRIBS. WILLAMETTE R. & TRIBS. SNAKE R. 1 TRIBS,

1. Jones Beach ‘ 75 23, Eagle Creek Hot. o/ LY 30, Lyon's Ferry Hat, of 400
2+ hbernathy SCOC o/ #1 24, Stayton Pond d/ 2 31, tower Gronite Dam
3, Lowdr Kelass Hat. b/ 127 25, Hinato . ‘ (for Hagersan Hat.) ¢/ 93
4, Kalesa Falls Hats b/ 141 {for Marion FRs, Het.} ¢/ 4352
5. Lewis River Hat. b/ 163 24, Dexter (for ODakridge Hot.)d/ 491 CLEARMATER R. 3 TRIBS.
5. Speslyai b/ 1% 27, McKenzie Hat. d/ 2
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8, Skesanie Het. ¢/ a3 DESCHUTES R. § TRIBS. 33, Kooskio Hat. of 848
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18, Klickitat Kat. b/ 358 37, Savtooth Hat.e/ + 14bé
19. Umatille River 472
20, Vernite Bridge 829
21, Priest Ropids Dan 417
22, Leavenvorth Hat. _C.’ 789

4/ United States Fish and Wildlife Service.
b/ Washinglon Departsent of Fisheries.

c/ Washington Department of Gase.

d/ Oregon Deporteent of Fish ond Hildlife.
¢/ ldaho Ueparinent of Fish ond Gawe,

Figure 50.--Columbia River basin showing locations of release sites,
hatcheries, and Jones Beach.
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for the Stayton Pond fish (5.0, early mgrants) was significantly higher than
that for fish from Spring Creek Hatchery (4.0) Fig. 54. In 1983, the nean
full ness value for the Stayton Pond fish (4.8) was significantly higher than
Bonneville Hatchery diet study fish (3.8) and higher (not significant) than
Little Wite Salmon Hatchery fish (4.4) (Fig. 55). In 1980 and 1981, higher
t han average feeding rates were also observed from Stayton Pond fish.
Estuarine recovery percentages for Stayton Pond fish (1980-1983) showed no
difference from other gliOl}ps, but adult return rates appear substantially
greater than average (Day..._

As nentioned previously, fish from the Abernathy Salmon Culture
Devel opment Center (SCDC) have a |ow feeding rate when captured at Jones
Beach. W believe that the |ower feeding rate for these fish is associated
with the short tine period between release and recapture at Jones Beach;
rel ease site is 16 kmfrom Jones Beachl?/ . In May 1982, fish from Abernathy
SCDC had significantly |ower nean fullness value than fish from Spring Creek
Hat chery and two groups from Bonneville Hatchery (2.9 versus 4.0, 3.7, and
3.8, respectively).

During Novenber and Decenber 1982, one of four tag groups released from
Bonneville Hatchery had a significantly lower nmean fullness value (Fig. 55)
whi ch probably resulted fromfactors affecting the fish during hatchery
rearing. The lower river stock (tule) reared in well water (mean fullness
2.6) had a high pre-release nortality and were in poor health at release
(Hansen 18/ whereas tule stock reared in Tanner Creek water, upriver late
fall stock (bright) reared in Tanner Creek water, and bright stock reared in
wel | water were unaffected by disease (mean fullness 3.1, 3.1, and 3.3,
respectively).

In 1983, over 200 tagged wild fish fromthe Lewis River (seined, tagged,
and rel eased sane day) were captured and their stomach fullness observed at
Jones Beach (Fig. 55). The dates of nedian fish recovery for the tw tag
groups were outside of the 7-day range used for conparing nean full ness val ues
with other groups; however, the wild fish appeared to feed at a sinilar rate
as nost cultured fish captured during the sane nonths. An exception, however,
was a conparison with fish reared at the Cowitz Hatchery; where changes,

16/ W Day, Oregon Department of Fish and Wldlife, 17330 S.E. Evelyn St.
Cl ackamas OR, pers. comun.
17/ In 1980 and 1981, fish from Abernathy Hatchery had 51 and 44% non-f eedi ng
fish conpared to 24%in 1982. Non-feeding rates anong these 3 years are
significantly different (P < O d), but mean fullness val ues were not
significantly different (range 2.90 to 3.10; P < 0.05). Diseases incurred
during culture also may have increased the proportion of non-feeding fish
observed in 1980 and 1981 (L. Fower, US. Fish and Wldlife Service,
Abernat hy Salmon Cultural Devel opment Center, 1440 Abernathy Road, Longview,
98632; pers. comun.
18/ H Hansen, Oregon Departnment of Fish and Wldlife, 17330 S. E Evelyn
S., Oackamas, OR pers. commun.
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Figure 54.--Stomach fullness frequency curves for tag groups of subyearling
chinook salmon captured at Jones Beach during 1982. Source,
study descriptor, date of median fish recovery, mean length
(mm) , number observed, and mean fullness value are included.
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Figure 55,--Stomach fullness frequency curves for tag groups
of subyearling chinook salmon captured at Jones
Source, study descriptor, date of
median fish recovery, mean length (mm), number
observed, and mean stomach fullness value are

Beach, 1983.

included.
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within the tinme period of mgration, in condition factor, anmounts of visible
body fat, and fullness value indicated that the wild fish were better
utilizing the available food resources.

QG her fish groups showed significant differences in nean fullness

val ues. In 1982, Bonneville Hatchery diet study fish (tule stock) had a
significantly higher nean fullness value (4.2) than that for two tule stock
production rel ease groups (3.7 and 3.8, Fig. 54). In 1983, Bonneville

Hatchery diet study fish had a significantly |ower nmean full ness value (3.8)
than Spring Creek Hatchery diet study fish (4.2) and the Stayton Pond fish
(Fig. 55). In 1982, Hagerman Hatchery fish had a significantly |ower nean
fullness (3.7) than fish from Lower Kal ana Hatchery (4.1). In early July
1983, fish groups from Hagerman, Bonneville (transport and control groups),
Cowitz, and Little Wite Salmon Hatcheries had significant differences anong
mean stonmach fullness values (range 3.1 to 4.4, Table 42). Di fferences of
race and size affect this conparison, i.e., the fish fromHagerman and Little
Wiite Salnmon Hatcheries were spring chinook salmn and the others were fal
chinook salmon; nmean fork lengths at recovery ranged from 88 to 133 mm

2. Year1 ing chinook sal non: Fi sh captured from March through Apri
general ly had low fullness values (Figs. 51 and 52). To interpret the feeding
behavi or during January to early May, we divided the 1980 to 1983 ful |l ness

data into two groups: fish rel eased from hatcheries in the fall that
overwintered in the river sys tem (residual), and those rel eased during March
(Fig. 56). Residual fish fed consistently throughout recovery, and nean

ful I ness val ues (3-day averages) showed insignificant (P<O10Q correlationto
recovery dates (correlation coefficient, r = 0.37). The overall nean fullness
value for residual fish was 4.2 (n = 149; date of median fish recovery =
2 April). Fish released in the spring did not feed consistently throughout
the recovery period and showed significant (P<OOQd) positive correlation
between nean ful | ness val ues (3-day averages) and dates of recovery (r = 0.93,
non-linear power curve regression). Spring released fish had predom nantly
empty or trace full stomachs during March, with gradually increasing nean
fullness thereaf ter; overall mean fullness was 2.8 (n = 376; date of median
fish recovery =1 April). H gh proportions of non-feeding yearling chinook
sal non were recovered fromreleases in March 1982 at Oxbow Hatchery (41% and
Bonnevillf rhtchery in 1982 and 1983 (61 and 66% respectively);
Fi gure 5719/ The proportion of non-feeding fish was highest for initia
catches and decreased with tine after release.

19/ In 1983, a second mark group released from Bonneville Hatchery on 23

March had 31% non-feeding fish; although only 13 were exam ned and there was
no significant difference fromthe earlier group. The two Bonneville releases
were different stocks (tule and bright, respectively). In 1982, these two
stocks were released on the same date (17 March) and had simlar nunbers of
non-feeding fish (tule = 58% bright = 64%. Time of release in the spring
may affect feeding rate for yearling chinook sal mon.
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Tabl e 42.--Conparison of nean stomach fullness for different nmarked groups of subyearling chinook
sal mon captured at Jones Beach in early July 1983.
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Hagerman/  Bonnevil | e/ Little Wite Sul.
subyearling @ Vernita Br. Cow i tz/ Bonnevil | e/ subyearling
spring chinook fall chinook fall chinook fall chinook spring chinook

Date ~ 6 July 5 July 8 July 2 July 6 July
Mean | engt hgl 133 114 88 91 111
Nunber sanpl ed 27 47 490 107 42

Mean fullness 3.1 3.6 3.9 4.3 4.4

Significance =~ _____.... |-
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a/ Date of median fish recovery for individuals with fullness observations.

5/ Mean fork length (mm for intire tag group; 7 day average about the date

of nedian fish recovery.
c/ Underlined fullness neans have no significant difference (P>0.05).
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Fish captured in May and June generally elicited higher nean fullnness
val ues than those collected in March and early April, but each year there was
a decrease in nean fullness during May (I: = -0.82, -0.69, -0.66, and -0.52,
respectively, for 1980, 1981, 1982, and 1983) (Figs. 51 and 52). This
decreasing fullness trend seemed to occur within mark groups as well as for
the aggregate of all individuals. For exanple, Warm Springs Hatchery chinook
sal mon showed high food consunption in early May with progressively |ower
full ness through the nonth (Fig. 58).

Sone fish groups passing Jones Beach in My and June showed significantly
| ower feeding rates than others passing during the same period (Fig. 57). In
1982, the nean fullness of fish from Round Butte Hatchery was significantly
| ower than that for fish from Marion Forks and Rapid River Hatcheries (2.8
versus 3.9, and 4.0, respectively). Mean fullness for Leavenworth Hatchery
fish was significantly lower than for MCall Hatchery fish (2.9 versus 3.4).
In 1983, mean fullness values of fish from Bonneville and Cow itz Hatcheries
were significantly lower than means for fish from MKenzie Hatchery (2.5 and
2.0 versus 3.5, respectively).

3. Coho sal non: Ful' I ness values for coho salnon were |owest in 1983
(mean = 3.8) and highest in 1980 (mean = 4.1) (Figs. 51 and 52). In 1980 and
1981, proportions of non-feeding coho salmon did not exceed 10% except for
fish from Wllard Hatchery released shortly after the eruption of Munt St.
Hel ens

In 1982, all groups of coho salnon had |ess than 5% non-feeding fish, but
sone groups captured during the same date range had significantly different
full ness means (Fig. 59). Fullness mean for fish from Lower Kal ama Hatchery
was significantly lower than that for Cowitz Hatchery fish, and both were
significantly | ower than the mean for Sandy Hatchery fish (3.3, 3.6, and 4.0,
respectively). Ful | ness means for fish from Eagle Creek and Washouga
Hatcheries were significantly lower than the nean for Cascade Hatchery fish
(3.9, 4.1, and 4.4, respectively).

In 1983, all groups of coho salnon had | ess than 10% non-feeding fish
except those from Lower Kalama and Cowitz Hatcheries (14 and 15%
respectively); Figure 59. Although sanple size was small (n = 29), the nean
full ness value for fish from Lower Kalama Hatchery (3.7) was not significantly
different than fish from Washougal (3.9) or Sandy Hatcheries (4.1); it was
significantly lower than Bonneville Hatchery fish (4.7). Cowl itz Hatchery
fish had a significantly lower mean fullness than fish from either Sandy or
Eagle Creek Hatcheries (3.4 versus 4.1 and 3.8, respectively).

4. St eel head: Ful | ness values were |owest in 1983 (nean = 2.6) and
hi ghest in 1982 (nean = 3.0; Figs. 51 and 52). In 1982, mark groups captured
during simlar tine periods showed no significant differences between fullness
means (range 2.7-3.1, Fig. 60). In 1983, Hagerman Hatchery B stock had a
significantly lower fullness nean than fish from Lyons Ferry and Dworshak
Hat cheries (2.1 versus 2.6 and 2.6), but 11 days |later nmean fullness for
Hagennan A stock steel head was not significantly different than that of a
second group of Dworshak Hatchery fish (2.3 and 2.6, respectively). [In 1982,
Hagennan stock A and B steel head were captured during sinilar date periods;
both had fullness neans of 3.1.
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STEELHEAD 1982
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5. I nterspecific Conparisons: During May, the tine period of peak
out-mgration, mean stonmach fullness of yearling chinook salmon decreased
coincidentally with increased migrants passing Jones Beach, No decrease was
observed for subyearling chinook salmon or the other salnonid species. To
determne if the decline in stomach fullness mght show evidence of density
dependence, we correlated daily nean stonmach fullness of purse seine captured
yearling chinook salnmon to accumul ated catch per set (ACPS) of all vyearling
sal moni ds captured in May and June 1980-1983. In all years there was inverse
correlation (r = -0.70, -0.61, -0.60, and -0.37 for 1980, 1981, 1982, and
1983). Fullness values for yearling chinook salnon declined during increasing
CPS in early May and continued to decline as CPS decreased in late May. Only
in 1981 did fullness values increase in June, (Fig. 51); in 1980, few yearling
fish were captured follow ng the 18 May eruption of Munt St. Helens, and in
1982 and 1983 negative slopes for mean fullness values occurred during early
June for all yearling salmonids. In 1983, sufficient numbers of tagged coho
sal mon were captured during md-June to July for analysis. These fish showed
i ncreased feeding during nonths when mgration of all yearling fish was
m ni mal .

6. Effects of Time and Tide: W exanined fullness data collected during
May and June, 1980-1983 for relationships to hour of catch. There was high
variability in the data and correlations were poor. To elininate sonme of the
variability, we selected for fish captured less than 2 h after sunrise
(morning) and conpared their nmean stomach fullness to that of fish captured
more than 6 h after sunrise (afternoon) (Table 43). Each year, coho and
subyearling chinook salnmon captured in the beach seine had higher nean
full ness values in the afternoon than in the nmorning (7 out of 8 conparisons
were significant, P<O (). Fish captured in the purse seine showed
di fferences between norning and afternoon nean fullness values in both
directions and no trend was observed.

Little or no relationship was observed between fullness values and
tide. Prelimnary analyses conparing fullness value to tine intervals from
high or low slack tide were poorly correlated.

Di et Conposition and Overlap.-- Stomach contents from a sanple of each
species captured 6-19 May 1980 were identified to examne interspecific
dietary overlap. COverlap calculations were perforned at the ordinal Ievel of
identification using biomass to characterize the diets. Unidentified insects
and fish were omtted fromthe analysis (only one fish was consunmed--by a
subyearling chinook salnon; we felt it was anonal ous data). A C A val ue of
0.6 is considered significant overlap (Zaret and Rand 1971).

The diet of subyearling chinook sal nron was distinct fromthat of
steelhead (C = 0.2) but had significant overlap with yearling chinook sal non
(C =0.6) and coho salmon (C = 0.8) (Table 44). (Cadocera, was the nost
distinctive itemin the diet of subyearling chinook salmn (7% IR").
Amphi poda and Insecta (prinarily Diptera), together with O adocera accounted
for over 90%of the IR" (Fig. 61).

At the ordinal level of prey identification, yearling chinook sal non

showed significant dietary overlap with coho salnon (C = 0.6) and steel head
(c =0.6) (Table 44). Al three species fed heavily on Anphipoda and Insecta
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Table 43.--Conparison of norning and afternoon mean stomach fullness val ues
for juvenile salnonids captured at Jones Beach during May and
June 1980- 1983.

-Marning b/ Afternoon c/

mean mean

Year Species Locationa_/ n fullness n fullness t-value
1980 Coho salmon Shore 47 2.9 19 3.9 23d
1981 : ' 18 3.5 23 4.1 1.5
1982 ' : ' 78 3.6 44 4.2 2.9 d
1983 ' : : 68 3.4 67 3.9 2.5 dl
1980 : : Mid river 138 4.4 30 4.2 0.7
1981 - - , 217 3.8 47 4.2 1.8
1982 : - ' 403 3.9 46 3.9 -0.1
1983 ' ' ' 529 3.7 164 3.8 1.2
1980 Yearling chinook salmon ' 63 3.9 5 3.2 -1.0
1981 : : ! . 77 3.1 41 3.9 3.7 dJ
1982 ' 47 3.4 10 3.2 -0.9
1983 . 76 2.8 34 3.0 0.8
1980 Steelhead ’ 96 2.7 15 3.7 2.3 dJ/
1981 ! , 86 2.9 41 3.8 4.1 df
1982 : 50 3.0 27 3.2 0.7
1983 ! . 137 2.4 771 25 0.6
1980 Subyearling chinook salmon Sh(fre 187 3.5 124 4.0 3.3 d/
1981 ' 2 ! 450 3.2 175 3.9 6.2 d/
1982 : - ' ' 584 3.9 127 4.8 7.0 d/
1933 ' ' ! ' 227 3.9 127 4.3 2.5 d/
1980 0 ' I Mid river 41 5.1 23 41 2.8 d/
1981 ! ! ” 136 3.8 28 3.9 05
1982 ! | | 1.96 4.1 54 4.4 1.8
1983 2 ' ! ' 100 3.9 44 41 0.8

a/ Shoreline sampling with a beach seine, mid-river sampling with a purse
seine. Insufficient yearling chinook salmon and steelhead were captured
in the beach seine for evaluation.

b/ Morning defined as less than 2 hours after sunrise.

¢/ Afternoon defined as greater than 6 hours after sunrise.

d/ Differences in morning mean fullnesssignificantly different than after-
noon mean fullness (P < 0.05).
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Table 44.--Diet overlap of juvenile salnonid& captured at Jones Beach, 6-19
May 1980.

Fi sh speci es conpared
X Y Cyerlapbl
Subyr. chi nook sal non</ Yr. chinook sal non 061/
" " " Coho sal non 0. 8d/
St eel head 0.2
Yr. chinook sal mon Coho sal non (lﬁqé
" " " St eel head 0] 6d_
Coho sal non St eel head 0.3

a/ Cassifications of food categories to order with unidentified insects and
items which constitute less than 1% of the total bionmass present omtted.

; Index of diet overlap fromMorisita (1959) as nodified by Horn (1966),
l%*as.ed upon the proportional biomass of diet itenms present in two species.

¢/ Biomass of one fish present in the stomach of a single subyearling chinook
salmon onmtted.

d/ An overlap value of 0.6 or greater is considered significant (Zaret and
Rand 1971).
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(from78 to 96%of the IR’), with dip teran insects predoninant in coho and
chi nook sal non and hymenopteran insects donminating the diet of steel head
(Fig. 61). Plant material accounted for nmore than 20% of the IR’ for both
yearling chinook salnmon and steel head.

Proximate Analysis .--Proximate analysis of stomach contents provided a
cursory evaluaitron of food quality for the four salnonid species (Table 45).
Conpared to hatchery diets, contents of migrants appeared low in protein
(26-36%, high in carbohydrates (28-39% and ash (13-24%, a__ normal in fat
(6-26% . The conposition of Oregon Mist Pellet, OW-220/ a standard
hatchery diet, is: 52, 17, 13, and 19% protein, carbohydrate, ash, and fat,
respectively (Westgate et al. 1983). The low protein percentage in the
stomach contents of mgrant fish nmay have resulted frommore rapid absorption
of protein relative to ash and carbohydrates.

Stomach Content Wight.--1n 1982, the nean stomach content weights for
subyearTing and yearTing chinook sal mon, coho sal non, and steel head col | ect ed
t hroughout the May and June peak mgration period were: 0.55, 0.16, 0.23, and
0.09% body weight (%BW, respectively (Table 46). The %BW of stomach contents
decreased with increasing body size (Fig. 62) as previously observed for
juvenile salnonids in culture situations (Buterbaugh and WIIoughby 1967).

Statistical correlation of fullness value plus fork length or fish weight
to wei ghts of stomach contents was used to eval uate the consistency of the
full ness data for 1982 (Table 47). Length produced slightly be t ter
correlation than body wei ght when used as the second independent vari abl e.
Correlation was highest for subyearling chinook salnon (1: = 0.78) and | owest
for yearling chinook salnmon (r = 0.70). By using fullness as an estimtor of
the actual contents weight (i.e., integer fullness values used to predict the
continuously variable stomach content weight) about 50% of the observed
variability in the stomach content weight data was not explained with this

nodel.  There were two main sources for the variation: (1) integer fullness
values (previously discussed) and (2) estimating volume of food consumed by
weighing . The first source of error is unavoidable because of the limtations

inherent with visual indexes--even expanding the scale might not inprove the
resolution of the observations. The second source could be inproved by using
wei ghts dried to constant weight (Congleton 1979). Blotted dry weights were
used here to better allow for future prey identification.

D scussi on

Caloric content of food ingested plus nmetabolic activity are the
determ nants of adequate nutrition. A thorough eval uation of nutritiona

20/ . .
= Reference to trade names does not inply endorsement by the Nationa

Marine Fisheries Service, NOAA
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Tabl e 45.--Proxi mate anal ysis of stomach contents fromjuvenile sal nonids
captured at Jones Beach during May and June 1982.

Composition (% dry weight)

Wet % al
Species weight H O Fat Protein Ash Carbohydrate™
() 2
Coho salmon b/ 14.7 82.2 11.2 31.5 23.0 34.3
Yr, chinooksalmon 15.1 77.9 26.2 25.8 12.7 35.3
Steelhead 6.4 82.9 5.8 35.1 20.5 38.6
Subyr.chinook salmon 10.1 80.0 12.0 36.0 24.0 28.0

a_/ Carbohydrate calculated by the difference,

b/ Eighty-four stomachs from May and June 1981 were added to
the 1982 samples to obtain a minimum dry weight of
1.0g per sanple.
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e SMBYearling_chingok_salmon _Yearling_chinogk_solmon__
Mean stomach b/ Mean stomach
Sample Mean content Stomach  Sample Mean content Stomach
a/ weight weight, content - weight  weight content
Sample (n) (q) {g) (% EW) {(n} (g) (g) (X BW)
All fish 855 6.7 0.0371 0.53 P4 39.1 0.0619 0.16
c/
Fish selected 244 5.1  0.0334 0,66 13 38.1 0,0571 0,15
by size
Coho_salmon Steelhead
All fish 612 24,0  0.0542 0.23 108 109.0 0.0970 0.09
Fish selected 184 24,4 0,0573 0.23 14 101.2 0.1087 0.11
by size

-.._--_..___--........__-......_.._...-..m......._—..-.--_.._--.—_—_—-........_..—---.._...-..--—..__—-.-.___—--nq..._———-__....u__._........_—-_

Only data for fish with stomach fullness values >2 (feeding fish) were used.

a/

b/ Stomach content weight as a percent of body weight,

¢/ Size selection; +/- 10% of the mean weight of fish captured axcept for
subyearling chinook salmon for which 99 + 10% wos used for analysis to compare

with fish from other areas,
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Table 47.--Multi-linear relationships between stomach content weight, fullness
value, and fork length or body weight for juvenile salmonids captured
at Jones Beach during 1982.

" . 1/3 o/
Where! Y= Stomach content weight (g )
X = Fullness 3—6Q/
X:= Fork length C(mm)
) Regression
coefficient
Species n BO Bl B2 r
Coho salmon 595  -0.04762 0,073123 0,0008154  0.74
Yr. chinook sal. 171 -0,11073 0.088765 0.0007689% 9.70
Steelhend 100 ~0,23241 0.,103870 0.00116B4 Q.71
Subyr. chinook sal. 1314 -0,11986 0.,057340 0.0020409 .78
. MODEL. B--WEIGHT
Y=F +BX +BX
0 11 -22
A 173 a/
Where! Y= Stomach content weight (g )
£ = fullness 3-6Q/
X:= fish weight (q)
Coho salmon 595  0,03373 0,073175 0,0012856 0,74
Yr. chinook sal. 191 0.00713 0.089054 (¢.0008064 0.70
Steelhead 100 -0.05957 0,108370 0.0008304 0.71
Subyr. chinook sal, 1314 0.,02353 0,057047 0.0047728 0.74

s/ The cube root transformation of the stomach content weight
wis used to produce normally distributed residual values of
uniform variance.

b/ Fullness values i, 2, and 7 omitted from the analysis because
their relationship to stomach content weight is not linear,
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Har ¥ = B, *8, (fullness) +8B,, (fish weight)

where ¥ = stomach content weight3

1.2
® 80 mm(5g)
0 100 mm{10 g)
1.0 D 120 mm(18 g}

0.8

04

Stomach contents {percent body weight)

4 5 6

[ B

Fullness value

Figure 62. ——Percent body weight of stomach contents
for 5, 10, and 18 g subyearling chinook
salmon as predicted from a regression
model with stomach fullness and fish
weight as predictor variables from Table 47.

183



sufficiency for even a few groups of migrants would be difficult and tine
consumng. Wth substantially less effort, evaluation of stomach fullness and
content weights provided a prelimnary evaluation of feeding behavior and
relative food intake for thousands of individuals representing many groups.
Vi sual observation of fullness takes about 1 mnute per stomach conpared with
hours, in addition to the specialized equipnent, required for a conprehensive
anal ysi s.

There are conprom ses associated with using estimates for fullness and
stomach content weight to describe food consunption. Conparisons between
dissimlar sized fish are affected by nonlinear variation of food requirenents
over the size range of juvenile mgrants (Patrick 1974). Also, conparisons
between simlar sized fish captured at different times are affected by
differences in metabolic activity associated with water tenperature and

differences of caloric intake fromthe prey itenms consuned. Therefore,
statistical conparisons of fullness values were made only between mark groups
passi ng Jones Beach within narrow date ranges. Significant differences in

ful I ness means were not always directly correlated with fish size, but the
mean | engths are presented for consideration (Figs. 54, 55, 57, 59, and 60).

Fish 1 ose weight in response to |low nutritional intake. To correctly
identify fish groups that have |ost weight frommalnutrition, feeding indices
(BW were calculated using length transformed to a correspondi ng body weight
according to length/weight relationships observed for tagged fish at Jones
Beach (Table 48).

Conpensati on Mechani sm for Low Food Availability.--Foraging behavior of
fish changes In response to food avarTabiTity--Dill (1983) terned this
adaptive flexibility. As hunger increases, search for food increases and diet
includes less preferred prey. Consequently, a change in diet or a change in
magration rate, as well as increased nunbers of enpty stomachs m ght be
indicators of |ow food availability. A diet change for subyearling chinook
sal mon was observed at Jones Beach followi ng the eruption of Munt St.
Hel ens. Sedi ment deposition reduced the supply of a preferred food item
Cor ophi umsal moni's, which resulted in a diet shift to insects and nysids

Food Consunption Conpared with Juveniles in Qher Locations.--Stomach
content weights (%8W of mgrant chinook salmon captured at Jones Beach were
conpared to those of juveniles in other geographical areas, rivers, and
estuaries and indirectly to traditional feeding rates at hatcheries.

1. Subyear|ing Chinook Sal non: Subyear|ing chinook salmon, 77-82 mm
fork length, captured at Jones Beach during May and June (about 5 g; Table
46), averaged about half full stonachs fﬁd stomach content weights averaged
about 0.7 %BW (wet weights, Table 46) Herrman (1971) found that stomach

21/ During May and June, the water tenperatures at Jones Beach ranged between
10° and 19°C (nmean 14° C) For this evaluation, non-feeding fish were
considered atypical mgrants and were not used, therefore, providing a libera
estimted food consunption for fish at Jones Beach.
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Table 48.--lencth/welight relationships of tagged juvenile salmonids captured

at

Jones Beach during 1982 and 1983.

Prediction Fnrmulaél

coefficient (r)

e e e o o~ ——_—— e - T T g Al S % B Sm M M e W R Tm e e b S SN e T b e S S e e

§ 2.94)

(1.24x10 ") (1th

(51.42)(Nt0'313)

b 3.22

(3.05x10 ) (1th~ %)

(52.98) (wt®*3%0)

5 2.?1)

(1.37x10 ") (1th

(49.90)(wt0'332)

(6.79x10 &) atn>" %8

(47.47)(wt0'3201

0.98

0.98

0.99

Coho salmon 3831 wt =

1th =

Yearling 893 ug =

chinnuk salmon lt; =

Steelhead 1462wt =

1th =

Subyearling 7215 wg =

chinook salmon 1t; =
a/ wt = weight of fish (q)

1tn

~

= predicted value

fork length of fish (mam)
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content weights averaged 1.2 9%BW (wet weights) for simlar sized chinook
sal mon captured in the Chehalis River estuary, Washington. Heal ey (1980)
reported that stomach content weights ranged fromO0.1 9%BWin My (during peak
abundance) to 5 9BWin June for chinook salnmon in the Nanainp River estuary,
British Colunbia (wet weights in 1975, dry weights in 1976 and 1977). Becker
(1973) found that dry stomach content weights averaged 0.4% dry food to wet
body weight for 5-g chinook salnon collected in the Hanford reach of the
Col unbia River (RKm 591 to 629). Converting these percentages to represent
9BW (dry weight), assumng preserved fish were 20% dry matter (Healey 1978),
the average stomach content weight of Becker's fish was about 2 %BW

These conparisons generally indicate that subyearling chinook salmon
captured at Jones Beach had |ow food consunption. However, both of the
aforenentioned estuary studies characterize subyearling chinook salnon
residing in the estuary (Healey calculated growth of fish in June to be 5.8
YBW day) . Li kewi se, fish exam ned by Becker in the Colunbia River were
residents of the sanpling area. Subyearling chinook salnon captured at Jones
Beach were actively mgrating (average 16 to 18 kmday, Dawley et al. 1984)
and such activity and physiological state (we assume that nost are snolts) may
affect foraging behavior. Loftus and Lenon (1977) observed heavy feeding by
subyearling chinook salnon during downstream migration in the the Sal cha
River, Aaska. Over 99% of juvenile chinook salmn snolts (mean length 73
had fed prior to capture, and nost stomachs were full and distended. Fi sh
were sanpled 1,544 km upstream fromthe ocean, and those snolts nmay not be
conparable to smolts collected only 75 km from the ocean at Jones Beach.

2. Yearling Chinook Salnmon: Stomach content weights for yearling
chinook salmon were available fromtwo upstreamsites in the Colunbia River
the reservoir of vggﬁpun1tnn1 (RKm 707) and the reservoir of John Day Dam
(RKm 395) (Rondor£& The nean melght of fish captured at RKm 707 was
22.8 g and stonach contents averaged 0.6 %BW whereas at RKm 395, fish were
smaller, nmean weight of 16.0 g and stomach contents averaged 0.8 9%BW (dry
stomach content converted to wet weight, sanples collected at 0900 h during
May) |. At Jones Beach during May and June, stomach content weights for simlar
sized fish were less: 0.2 %BW (n = 27, weight range 20.0 - 26.0 g) and 0.6
9BW (n = 9, weight range 12.0 - 18.5 g).

3. Coho sal non and St eel head: No data were found regarding food
consunption of yearling coho salmon or steelhead in rivers or estuaries.

Food Consunption at Hatcheries.--Bardach et al. (1972) reported that
salmon reared in hatcheries at 10°-15°C require daily rations of about 1
YBW day for body maintenance, and upwards to 7 %8Wday for growth (weight of

22/ D. Rondorf, U S. Fish and WIldlife Service, National Fisheries Research
Center, Wllard Station, Star R., Cook, WA 98605; pers. commun.
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food, about 20% water; and wet weight of fish). Fairgraveé/ found t hat
juvenile coho salmon ( 10-20 g fish) fed various hatchery diets at 0.6 %BW day
or less, exhibited negative, zero, or little growh.

Daily and morning hours rations were estimated for migrant fish captured
at Jones Beach in May and June to conpare with rations at hatcheries
(Table 49). Diel observations of food consunption by juvenile salmonids were
not made, so we assuned that available daily feeding curves in pl)blished and
unpubl i shed literature (Johnson and Johnson 1981; Rondorf22/ Table 49)
properly represented diurnal feeding behavior of mgrants captured at Jones
Beach. The proportion of the total daily neal present in the gut in
md-norning (0800 to 0900 h) observed in those studies was about 22%
Assum ng that proportion for average sized mgrant fish at Jones Beach
(Table 46), the total daily ration for each species was about 3.0, 0.7, 1.0,
and 0.6 9%BWday, respectively for subyearling and yearling chinook salnon,
coho salnon, and steel head (wet weight of food). |f these estimted daily
rations are converted to 20% water for conparison to hatchery diets (0.03,
0.06, 0.13, and 0.05 9%BWday, respectively), all are substantially below the
body maintenance requirements for hatchery feeds.

Interspecific Interaction.--Species interaction possibly caused |ower
feeding rates tor yearfirng chinook salnon in My, when all salnonid species
were present in the Colunmbia Rver in large nunbers. Stein et al. (1972)
observed that chinook salnmon are |ess conpetitive than coho sal mon, which
inpacts quantity and quality of food ingested. Interaction with steel head
el evated stress anong yearling chinook salmon (Park et al. 1983, 1984), which
may also affect their feeding success. Subyearling chinook salnon are nore
shore oriented than the yearling fish, thus may not be affected by the
i ncreased nunbers of yearling mgrants. The observed decline in food
consunption for all yearling fish during early June inmediately follow ng the
peak mgration period suggests one or nore of the follow ng: (1) the food
resources were cropped by |large nunbers of mgrant fish, (2) the food
resources available to the mgrants were reduced by increased water vol une
during June, or (3) vyearling fish passing at the later portion of the
mgration period were poor foragers.

Concl usi ons

1.  Percentages of non-feeding fish within populations observed at Jones
Beach were generally |ower than 20, 10, and 30% for chinook and coho sal mon
and steel head, respectively.

2. Relatively low mean fullness and high incidences of enpty stomachs in
particular fish groups were correlated with the following: close proximty of

23/ B. Fairgrave, Oegon Departnent Fish and Wldlife, 17330 S.E. Evelyn St.,
G ackamas, OR pers . commun.
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Tabl e 49. --Published and unpublished data assessing daily and morning hours
food consunption by juvenile sal nonids.

(bservations at
0800 or 0900 h

st onach Portion of
Tot al ctailyé‘{ cont ent dai ly meal
Ri ver Species Age neal (ng) (n) (%
O wel | Brookb/ Coho
New York State sal non 0 10.6 1.83 17.3
Owel | Bakd
New York State Steelhead 0 7.8 1. 40 17.9
Col umbi a Rver€  Chi nook
at RKm 395 sal non 1 158.2 31.1 19.7
Col umbi a Rver€  Chi nook
at RKm 707 sal non 1 69. 4 23.9 34.4

Aver age 22.3

a/ Daily neal = anount of food consuned per day.
b/ Johnson and Johnson (1981).

c/ D. Rondorf, U.S. Fish and Wldlife Service, National Fisheries Research
Center, Wllard Station, Star R., Cook, WA 98605; pers. commun.
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release to recovery site and/or short mgration period prior to recovery,
early March rel ease of yearling chinook salnon, high turbidity fromthe
eruption of Munt St. Helens, and disease incidence prior to release at the
hat chery. Some stocks of fish with high percentages of non-feeding
i ndividuals could not be correlated with known physical or biological factors
likely to have affected feeding

3. Relatively high nean fullness val ues were docunented for Stayton Pond
groups that were cultured in earthen ponds

4, The turbid water resulting fromthe eruption of Munt St. Hel ens
tenmporarily decreased food consunption by several stocks of subyearling
chinook sal mon and coho sal mon.

5. The eruption of Munt St. Helens is not expected to have long term
effects on the food resources of subyearling chinook salmon. Their decreased
consunpti on of anphi pods and increased consunption of insects, nysids, and
cl adocerans appears to be a tenporary change. Partial restoration of anphipod
consunption was observed in 1982, and continued inprovenment of benthic
substrate should allow conplete recovery to pre-eruption |evels.

6. Jones Beach appears to be a geographical area of dietary transition
for subyearling chinook salnon. Qher researchers found that fish captured
upstream consuned primarily insects, and fish captured downstream consumed
primrily anphipods, whereas fish we captured at Jones Beach consuned both.

7. The decline in food consumption of yearling chinook salnon during the
peak outmgration (My) may have been related to interspecific interaction and
sl ow recovery of the food resources available. Significant dietary overlaps
were indicated between the other sal nonids. Decreased consunption was not
apparent for subyearling chinook and coho sal mon and steel head.

8. Food items nost inportant to juvenile salnonids near Jones Beach were
insects including Diptera, Hynenoptera, Coleoptera, Epheneroptera, and
Trichoptera; and crustaceans including Anphipoda and O adocera.

9. Stomach content weights from subyearling and yearling chinook sal mon
captured at Jones Beach were less than simlar sized fish exam ned at other
estuarine and riverine |ocations. Results of proxinmate anal yses of stonmach
contents for fish captured at Jones Beach indicated that the food eaten was
not of sufficient quality to conpensate for |ow consunption rates.

10. Vi sual assessnent of stomach fullness is a fast and econom cal
met hod for examning the food consunption of |arge nunbers of fish
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Vi sceral Fat Content of Subyearling
Chinook Sal mon Captured at Jones Beach

[ nt roducti on

The quantity of fat within the visceral cavity surrounding the pyloric
caeca, stomach, intestine, and spleen of juvenile salmonids was used by Myers
(1980) to differentiate between hatchery and wild fish in the Yaquina River
estuary. In Mers' study, none of 28 wild coho or 87 wild chinook sal non had
fat visible in the visceral cavity; whereas many of the hatchery fish had
internal organs conpletely obscured by fat.

W exam ned tagged subyearling chinook salnon captured at Jones Beach to
determine if differences in visceral fat could be used to differentiate
between wild and hatchery fish in the Colunbia River. If clear-cut
differences were apparent for tagged hatchery fish, then the ratio of wild to
hatchery juveniles could be. estimated for unmarked fish.

I'n 1983, conparisons of visceral fat between wild and hatchery stocks of
subyear|ing chinook sal mon were possible. Timng at Jones Beach of wild fish
fromthe Lewis River (96,444 tagged fish, mentioned earlier--Table 36) was
coincidental with tagged fish from several hatcheries including the Cowlitz.
Conparison with Cowitz stock was particularly appropriate because the Lew s
and Cowitz Rivers enter the |lower Colunbia River at RKm 140 and RKm 109,
respectively, and the distance of mgration was simlar for both stocks

Met hods

Cenerally, fish used for visceral fat observations were those selected
for stomach fullness observations; the selection was based on holding time
restrictions necessary for fullness observation and time available for
addi tional processing.

The body cavities of selected fish were opened longitudinally, and the
body organs were observed for surrounding fat. Cbservations were quantified
numerically: 1 =no visible fat; 2 = some fat present; and 3 = extensive
quantities of fat present.

[ ndi vidual fish were weighed to +0.005 g (W and nmeasured to + 0.5 mm
fork length (L); condition factor (K) was cal culated for each individua
according to the formila K = WL3,

Resul ts

From June through August 1983, a total of 1,748 tagged subyearling
chinook salnon were examned for quantities of visceral fat (1,522 hatchery
fish and 226 wild fish). Sone individuals within all marked groups exam ned
had visceral fat. Twenty eight percent of the hatchery fish exam ned had no
observable visceral fat, 38% had some fat, and 34% had extensive fat
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(Tabl e 50). Included in the hatchery group were 481 fish released fromthe
Cowl itz Hatchery (31%no fat, 36%some fat, and 33%extensive fat), There
were 226 wild fish fromthe Lewis River exanmined (47% no fat, 44% sone fat,
and 9% extensive fat).

There was a strong decrease through tine for the proportion of Cowitz
Hatchery fish having visceral fat and an increase through tine for the Lew s
River wild fish (correlation coefficient, r = -0.9 and 0.6, respectively)
(Fig. 63). The positive slope for the relationship of visceral fat to date of
capture for the wild fish may be related to decreased conpetition for food
during late July and August; large nunmbers of hatchery fish were mgrating
through the estuary in June; in conparison, few fish were passing Jones Beach
inlate July and August. Mre food may be available to later migrants which
resulted in increased visceral fat of Lewis River wld fish.

Condition factors of fish fromCowitz Hatchery were nea |y constant
t hrough the date range of recovery; overall nean = 10. 4x10 " © (Fig. 64).
Condi tio, factors for Lewis River wild fish were higher (overal? nmean
10.7x10°°) and showed strong positive correlation with date of capture
(r =0.8). By early August the condition factor of the wild fish reached
11. 0x10- 6.

Stomach fullness of the wild fish was consistently greater than that of
Cowl i tz Hatchery fish and of other hatchery fish passing during the period.

Wil e exam ning wild subyearling chinook from the Lewis Rver, we
observed a high incidence of nematodes in the visceral cavity (primarily in

the air bladder). During the tinme period when we consistently recorded the
incidence (1 July - 8 Septenber 1983), 64% of the fish observed contained
nematodes . These fish appeared outwardly healthy and showed no significant

difference in relative stomach fullness fromthose of the same tag groups
wi t hout nemat odes (P>Q 4).

Concl usi ons

1.  (Ooservations of visceral fat content for subyearling chinook sal non
captured in the Colunbia River at Jones Beach are not useful for separating
Lewis River wild stock from hatchery fish because a substantial portion of
wild fish (53% contained fat and 28% of the hatchery fish observed contai ned
no fat.

2. Differences in natural food resources available to wld chinook
sal non may exist between the Lewis and Yaquina Rivers which could explain the
observed difference in the percentage of individuals containing visceral fat
(53 and 0% respectively).
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Table 50 .--Visceral fat observations from subyearling chinook sal mon captured

at Jones Beach,

June through August 1983.

Fi sh observed

No Tat Sone Tat Extensive fat Tot al

no. % no. % no. % no.
Total hatchery fish 423 28 574 38 525 34 1,522
Cowl i tz Hatchery fish 147 31 175 36 159 33 481
Lewis River wild fish 106 47 99 44 21 9 226
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Figure 63. --Tenporal plot of the proportion of subyearling chinook
salmon of the Lewis River wild and the Cowlitz Hatchery
stocks containing fat in the visceral cavity, from marked
i ndividual s captured at Jones Beach.
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Figure 64.--Condition factor for Cowlitz Hatchery and Lewis River wild
subyearling chinook salmon by 5-day intervals (intervals with
less than nine fish measured were omitted).
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3. Cowlitz Hatchery fish rapidly lost visceral fat follow ng rel ease
fromthe hatchery, whereas wild Lewis River fish gained visceral fat during
the period of capture at Jones Beach.

4, WId fish fromLewis River generally had nore food in their stomachs
than hatchery fish.

Catches of Non-Sal noni ds
[ ntroduction

Capturing fish of non-targeted species is inherent in sanpling juvenile
sal moni d popul ations. Mgrating and resident species were captured at all
times of the year and in large nunbers. The objective of this part of the
report is to docunent catches of these fish.

Resul ts

Non- sal noni ds conprised nearly 40% of the total catch at Jones Beach
(Dam ey et al. 1985a). Adult and juvenile threespine stickleback,
CGast erosteus acul eatus, and peamouth, Ml ocheilus caurinus, were captured in
[arge numbers year-round. Large catches of juveniTe Anerican shad, A osa
sapi dissina, were obtained during their nigration period (April through
Novenber) . Two separate size groups were recovered each year. Large
i ndividual s were generally captured between April and August with a peak in
May when they averaged about 105 mm fork | ength. More nurerous snal | er
individuals were captured from July to Decenber; peak catches occurred during
the fall (undefined because of limted sampling in the fall) at an average
fork Iength of about 70 mm East ern banded killifish, Fundul us di aphanus,
were captured in the beach seine in 1971, 1981, and 1983 (Ledgerwood et al.
1985); the Colunbia River is not described as part of the nornmal geographi cal
range for this species (Scott and Crossman 1973).

In 1980, there was a signif icant increase in beach seine catches of
several predator and scavenger fish species at Jones Beach, beginning with the
heavy turbidity created by the eruption of Munt St. Helens. Cat ches of
northern squawfish, Ptychocheilus oregonensis; prickly sculpin, Cottus asper;
peamout h; and suckers, Catostonus sp., in [ate May and June were nore than
doubl e those of previous years (Fig. 65). These fish were adults, not
juveniles . It is possible that the increase in the catch resulted fromfish
being forced out of the Toutle and Cowlitz Rivers by high water tenperature
and turbidity.

Popul ation changes of northern squawfish at Jones Beach were of
particular interest due to their role as a predator in other areas (Ricker
1941; Jeppson and Platts 1959; Thonpson 1959; Thonpson and Tufts 1967,
St ei genberger and Larkin 1974; Urenovich et al. 1980; Bentley and Daw ey
1981). W observed an increase of squawfish during the sanpling period.
Cat ches escalated fromnone in 1966 to 1,754 in 1981. The trend of popul ation
increase was accelerated in 1980, as previously discussed. Stomach contents
froma subsanple of squawfish captured in 1983 were examned to deternmine the
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extent of predation on juvenile salnonids. Ni nty-five percent of the 197
squawf i sh exami ned contained food itens, primarily crustaceans, insects, and
fish. None of the squawfish exam ned had consuned sal nonids. For details of

t he squawfi sh popul ation change and stonmach content analyses refer to Kirn et
al . (1985).
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SUMVARY AND CONCLUSI ONS

1. Generally, subyearling chinook sal non concentrate in shallow
near-shore areas of the estuary, and when they are in deep water areas they
are found within 3 mof the surface. However, large fish (< 50/1b) and those
that mgrate long distances (> 250 km) before entering the estuary do not
concentrate in near-shore areas.

2. Yearling salnon and steel head concentrate in md-river areas except

early in the year (March, April, and early May), presumably prior to
snol tification.

3. Mst novenent of juvenile salnonids through the estuary occurs during
dayl i ght hours. Tidal conditions and direction of flow do not appear to
substantially influence diel novenent patterns. Cenerally , diel novenent
patterns appear consistent between years, and sanpling 7 h/day in the norning
provi des sanples which are representative of the overall mgrant population.

4. Timing of the juvenile salnonid mgrations into the estuary is
primarily dependent on dates of release from hatcheries and river flow
Generally, high river flows cause faster mgration through the river. In some
instances , fall released fish groups overw ntered upstream from Jones Beach
and nmigrated in the spring;, size of fish and stock differences appear to have
influenced the migration timng.

5. Movenent rates of marked groups of subyearling chinook sal non and
coho sal non increase with size at release and di stance of migration. From
1966 to 1972, larger individuals of marked groups nmigrated at a faster rate
than snaller fish; however, within groups observed from 1977 to 1983, the
| arger individuals did not necessarily nove at a faster rate. This change of
mgration behavior may have resulted from a general increase in size of fish
at release, and, for coho salnon specifically, later dates of release. W
specul ate both factors increased the proportion of snmolted fish anong the
smal | er individuals of nmost groups and resulted in nmore uniformmgration
rates.

6. Moyvenent rates through the estuary and into the ocean are simlar to
rates fromrelease site to the estuary, indicating that the use of the
Col unbia River estuary by juvenile salnmonids originating upstream from Jones
Beach is rather limted conpared to documented use of other estuaries.

7. Increased river flow causes decreased catch rates of all species,
whi ch decreases precision of conparisons between tine periods. An adjustnment
factor was conputed to standardize catch percentages of groups recovered at
different flow conditions.

8. Total nunbers of subyearling chinook salmon, yearling chinook sal non,
coho salnon, or steelhead sanpled in the estuary do not relate to numbers of
returning adults be cau se overal 1 survival rates are different between
stocks . However,estuarine catch data are useful for within stock exam nation
of survival differences anong treatments. GCenerally , estuarine sanples which
show statistical ly significant differences anong groups , show sinilar
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differences in adult recoveries. However, many groups which showed
differences in returns of adults did not show differences in juvenile sanpling
data. Trends of survival differences between treatnent and control groups
were attainable fromestuarine sanpling in evaluations of size at rel ease;
rel ease date; release site; and fromparticular studies with density
nutrition, and fish stocks.

9. Mnimmsize thresholds for mgration and survival of Colunbia River
coho and wild fall chinook salmon and WIlamette steel head were supported with
Jones Beach data.

10. Baseline data for catch rates for narked groups can be used for
i dentifying groups which have substantially decreased survival during river
mgration

11. Food consunption of mgrants exam ned at Jones Beach appears to be
substantially less than in other reaches of the river and in other river
syst ens. Interspecific interaction or conpetition for food may be decreasing
the overall food consunption rates for yearling chinook sal nmon. Adver se
environnental conditions fromthe eruption of Munt St. Hel ens caused
decreased feeding, alteration of available food resources, and decreased
survival of juvenile mgrants. Cultural practices, poor health, and release
timng also affect food consunption of migrants. Al though insufficient data
are available for evaluation, we suspect that decreased feeding rate may
i mpact survival to adul t hood.

12. Absence of fat within the viscera of migrants captured at Jones
Beach was not usable as an indicator for wld subyearling chinook sal nmon.

13. Resident popul ations of squawfish have increased dramatically at
Jones Beach during the period of sanpling, however, there are no signs of
t hei r predation on sal nonids

14. Researchers and culturists nade extensive use of the estuarine
sanpling data to evaluate migration timng and relative success of marked
groups. Additional ly, marked fish from specific groups were utilized to:
conpare various physiological changes which occurred during mgration, to
eval uate transm ssion of disease between stocks originating fromdifferent
tributary streans that mingled during mgration, and to evaluate changes of
sex ratio within popul ations of coho salnmon following nmigration. W conclude
that observation of marked fish groups at the termnus of freshwater migration
Is inportant to salnonid enhancenment activities.
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APPENDI X A

Uses of Estuarine Catch Data and Biol ogi cal Sanples
or Observations Collected for Related Research
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| NTRODUCTI ON

Upon request biological observations were nmade and tissue sanples
collected for other research programs. Tissues and internal organ
observations were only made fromfish sacrificed for tag identification. The
objective of this section of the report is to provide exanples show ng how
data obtained at Jones Beach are being used by nanagers and ot her

resear chers.
Bl OLOd CAL SAMPLES

1. Gas bubble disease incidence for water regulation and smolt release
timng by the Colunbia River Fish and Wldlife Comm ssi onl/ (1977-83).

2. Gl tissue sanples for adenosine triphosphatase (Na*-Kt ATPase)
anal ysi s by researchers from NVFS2/ (1978-83) and COFW/ (1978-79).

3. Scales for comparison with adult scales by COFWH (1979-83)
Washi ngt on Departnent of Gne2/ (VDG (1980-81), University of Washington
(U of W8/ (1982-83), and Oregon State University (0SUZ/ (1982-83).

4, Stommch sanples for basic research by UsfW/ (1979) and W&/

(1980) .

1/ Colunbia River Fish and Wldlife Commission, Lloyd Bldg., Suite 1240, NE

Mil tnomeh St., Portland, Oegon 97232.

2l W S. Zaugg, NWFS, Star Rt., Cook, WA 98605.

3/ Ron Wlliams, ODFW 303 Extension Hall, OSU, Corvallis, OR 97331.

4/ Concannon, G, ODFW P.O Box 182, Maupin, OR 97037; Hansen, H , CDFW
1733 Evelyn Street, O ackamas, OR 97015; and Murphy, S., COFW Oregon
State University, Corvallis, OR 97331.

5/ Loch, J.,WDG 1351 Kal ama River Rd., Kalama, WA 98625.

6/ Mathews, S., Uof W School of Fisheries, Seattle, WA 98195.

7/ Fisher, J.,School of Cceanography, OSU, Corvallis, OR 97331.

8/ Wshington, P.,USFWS, Naval Support Activity, Bldg. 204, Seattle,

WA 98115.
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5. Incidence of enteric red-mouth in marked fall chinook salmon from
Bonnevi |l e Hatchery for survival conparison by ot} (1979).

6. Incidence of sunburn in marked coho salnmon from Wllard NFH for

survival conparison by USFWS (1979).10/

7. Sex determinations for survival conparisons of coho by USFve?/

(1981-82).

8. Snolt carcasses for a salnmon predation study of marine mammals by

wWGll/ (1982).

9. Branded fish for bioenergetics study by UsFwsl2/ (1982-83).
10. Live unmarked fish for disease study by OSUL3/ (1982-83).
11.  Incidence of nematode infestation in wild fish fromthe Lewis River

for researchers from Washington Department of Fisheries (V\DF)E/ (1983).
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APPENDI X B

M scel | aneous Tables Relating to Mgration of Juvenile Sal nonids

Appendi x Tabl e Bl

Appendi x Table B2. --

Appendi x Table 83 --

Appendi x Table B4. --

Appendi x Table B5 --

Appendi x Table B6. --

Appendi x Tabl e B7.--

Appendi x Table BS8. -

--Nunber and percent recovery of juveniles at Jones Beach

and adults from mark groups which were identified as
replicates or near replicates and used to enpirically
define sanpling variability.

Mean stomach fullness and standard deviation for juvenile
sal monids captured in purse and beach seines at Jones
Beach by 3-day intervals, 1980.

Mean stomach fullness and standard deviation for juvenile
sal nonids captured in purse and beach seines at Jones
Beach by 3-day intervals, 1981

Mean stomach fullness and standard deviation for juvenile
sal monids captured in purse and beach seines at Jones
Beach by 3-day intervals, 1982.

Mean stomach fullness and standard deviation for juvenile
sal nonids captured in purse and beach seines at Jones
Beach by 3-day intervals, 1983.

Status of juvenile salnonid stomachs collected at Jones
Beach (RKm 75), 1979-1983.

Source, date of nedian recovery, and tag codes for fish
groups used in graphic conparison of stomach fullness
(Figures 44, 45, 46, 47, and 48). Subyearling and
yearling chinook salnmon, coho salnmon, and steel head groups
captured at Jones Beach in 1982 and 1983.

-Taxonom ¢ cl assifications and codes for food itens found

in juvenile salnonids fromthe |ower Colunmbia River and
near-shore marine waters.
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Appendix Tahle Bl .,--Nusber and percent recovery of juveniles at Jones Beach and adulis from
mork groups_uhich were identified a5 replicates or near replicates and
used fo empirically define sampling variability,

REPLICATE GROUPS 1983

Release Inforsation Juvenile catch
ek at - Adult
{Loc Br Rot) Site Date Jones Beach t/  Recoveries d/
{hq/D1/D2) (source) b/  Humber (da/mo/yr) (ng) (D) {no.) [+4]

Subyearling_chinook salmon

07/27/27 Bonn, Hat, 0,000  O4/May/83 82 0,154 - -
07/27/28 . 50,800 %0 07 - -
07/27/29 ¢ ' 32,600 : BY  0.142 - -
07/27/30 47,400 86 0.18t - -
05/11742 Spring Cr. Hat. 49,700 28/MA07/83 45 0,111 - -
05/11/43 31,300 71 0,138 - -
03/11744 ! : 21,700 82 0.139 - -
05/11/45 52,100 87 0.1 - -
ROLU 3 Boan. Dam 31,400  02-03/May/83 89 0,173 - -
RB U1 {Sp. Crs Hat,) 53,200 100  0.188 - -
N ' ' 53,900 107 0,198 -
Lhut 52,800 107 0,203 -
07/23/28  Willow, River 28,900  26/Mpr-19/May/83 17 0,059 - -
07/28/30  (Stayton Pd.) 24,000 24 0,100 - -
07/28/31 26,000 19 0.074 - -
07/28/32 26,200 15 0,057 - -
07/28/33 24,800 36 04150 - -
07/25/34 24,800 16  0.040 - -
Yeariing chinook salmon

07723783 Bonn. Hat, 45,900  01/MNov/82 123 0.268e/ -~

07/25/4é 51,4600 123 0,238/ -

07/25/48 ' ! 50,700 107 0.2t/ - -
07/25/45 48,500 107 0,220/ - -
63/24/50 Cowlitz Hat. 8,300 01/Sep/82 1 0.0128/ - -
83/26/03 51,200 15 0.029¢/ - -
83/25/05 : ! 75,000  04/Mpr/83 18 0,025 - -
63/25/04 77,500 26 0,034 - -

Loho_salmon

63/26/13 Coulitz Hat, 10,900  03/May/53 19 0.174 - -
63/26/14 10,400 11 0,106 - -
83726715 10,400 26 0.2%0 - -
63/26/14 10,4760 16 0.150 - -
83726117 10,000 12 0,120 - -
43/26/18 . . 10,000 . g8 0,080 - -
83726719 10,200 8 0,078 - -
63/26/20 10,100 19 0,188 - -
63126721 10,300 16 0,155 - -
43/26/22 10,500 21 0,200 - -
83726/ ' 10,400 ' 24 0,22% - -
83/246/24 10,200 it 0.108 - -
63/26/25 10,300 14  0.134 - -
63726126 10,600 7 0,066 - -
53726427 10,400 15 0.144 - -
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Appendix Table Bl.--continued.

Coho salmon

———— it A

$3/26/28  Cowlitz Hot, 10,200  03/May/83 19 0.184
63/26/29 10, 300 16 0,15
83/24730 10,400 17 0,183
6372631 10,200 17 0.167
§3/26/32 10,600 17 0,160
63/26/33 ' ' 10,500 ’ 28 0.200
63/26/34 10,100 22 0,218
63/26/35 10,600 11 0,104
$3/26/36 10,400 16 0.194
83/26/37 10,500 10 0,09
63/26/38 ' ' 16,500 * 17 0.182
63/26/39 10,100 16 0,158
63/26/40 10,200 15 0,147
43/26/41 10,000 13 0.1
83/24/42 10,700 19 0.178
05/11/33 Eogie Cre Hat. 60,500 O4/May/83 78 0,129
05/11/34 62,800 76 0,121
05/11/35 40,%00 43 011
05/11/36 39,300 85 0,143
05/11/37 ' ! 20,900 ' 32 0,153
05/11/38 20,300 36 0.177
07/27/31 Sandy Hat., 54,700  29/Apr/B3 32 9.05%
07/27/34 54,900 46 0,084
07/27/32 ' ' 54,900 ! 34 0,082
02/21/33 945600 33 0,040
07/27/33 ' ! 34,100 ' 36 0,066
07/27/34 54,700 37 0,068
83/28/51 Washougal Hat. 8,000 27/May/B3 7 0,087
63/26/32 7,900 3 0,038
43/26/33 8,000 4 0,050
63/26/54 85000 7 $.087
83/26/5% 75700 8 0,101
63/26/57 ' ' 7,700 ! 7 0,072
63/26/58 9,300 6 0,081
63/26/3% 7:800 4 0,041
63/26/60 7,700 7 0072
63/26761 ' ! 7,900 ' 5 0.090
£3/26/62 9,900 5 0,050
83/26/63 74900 10 0.10t
63/27/01 9,700 3 0,031
83727702 10,000 7 0070
63427103 ' ' 10,100 ! 7 0049
$3/27/04 10,400 7 0,087
63/27/05 10,100 10 0.099
63/27/06 10,600 3 0.047
63727707 10,100 3 0.030
$3/27/08 ' ! 10,400 ' 3 0,029
63/27/09 10, 360 ? 0.087
83/27/10 10,400 8 0,077
63/27/11 10,400 g 0.048
63727712 10,500 7 0,067
63722713 ' ’ 10,000 ' 7 ¢.070
§3/27/14 10,700 8 0073
63/22/15 10,300 8§ 0,078
83/27/14 10,300 3 0,029
63/27/17 10,409 12 0,413
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Appendix Table Bl.~--continued.

03/09/28
05/0%9/29
05/09/30
05/09/31
05/0%/42
03709743

05/09/32 ! !
03/09/33
05/09/38
05/09/39
05/09/40
03/09/41

05/09/34 ' '
05/0%9/35
05/09/34
03/09/37
05/09/34
05/09/45

Willard Hat.

83/28/39%  Lyons Ferry Hat,
RAS 1

63/28/40%
RA S 2

22,600
22,200
21,900
22,300
23,300
22,800

23,300
20,800
22,200
21,500
20,500
23,000

23,700
22,100
22,700
22,200
23,200
23,300

33,000
32,000

RD KE 2 Wh.R Falls/Rnd.Butte 1,000

RD KE 3

1,000

----------

07/Jun/83

09-13/May/83

01/ Jun/83
06/ un/83
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Appendix Table Bl.--continued.
REPLICATE GROUPS 1982

Release Information Juvenile catch
Bark o/ at Adult
(Loc Er Rot) Site Date Jones Beach ¢/  Recoveries d/

(Ag/D1/02) (source) b/ Nusber  {(da/mo/yr) feo, T CXT™  {novd— (v 40

05/10/58 pbernathy SCDC 90,600  20/Apr-01/Jun/82 93 0,103 7 0.008
05/10/99 29,700 34 0,114 2 0,007
07/24/14 Bonn. Hat, 319600  047Jun/82 34 0.088 0 0.000
07724715 52,400 5  0.095 0 0,000
07/ 24/14 ' ' 32,300 ' 45 0,084 0 0.000
07/24/17 4,100 46 0,085 0 0,000
lpitl Bonn. Dam Hat, 51,800 ' 21 0,477 - -
ROTI (Boon, Hat.) 954,400 199 0,344 - -
Lh 2 ' ' 32,900 ' 215 0,404 - -
RI T2 49,800 59 0,319 - -
03/04/35 Lit,Wh.Sal.Hats 101,300  02-03/Jun/82 121 Q. 119 0 0 000
05/04/34 98, 400 146  0.148 0 0,000
07/23/30 Oxbow Hat, 92,300 04-23/Jun/82 4 0.086 0 0,000
07724711 52,500 4 (.088 6 0,000
03/08/51 Spring Cr. Hat, 46,700 08-13/Apr/82 48 0,103 g8 0,017
05/10/57 102,300 105 0,103 10 0,010
05/10/33 Spring Cr. Hat. 43,100 15/Apr/82 88  0.157 3 0,007
05/10/54 48,500 7 0148 2 0,02
05/10/53 ! ' 41,200 ! 71 0,472 g 0,019
05/10/56 48,200 64 0,133 7 0,014
Yearling chipook_salmon

63/23/09 Cowlitz Hat. 23,900  01/Apr/82 6 0,087 18 0,075
63/23/10 23,200 & 0,026 o 0,1n
63/23/11 ' ! 24,300 ' 10 0,045 11 0,045
63/21/34 24,000 7 0.038 20 0,083
07/23/25 Ne Santiom R, 50,600  17/Mer/82 12 0.0 0 0,000
07/25/26  (Marion FKs Hat,) 50,600 13 0.024 0 0,000
07/25/27 49,300 26 0,033 0 0.000
07/25/28 : ! 90,000 18-22/Mar/82 14 0.028 1 0,002
07/23/29 47,400 22 0,044 0 0,000
07/23/30 49,200 20 0.048 2 0,004
107247128 S.FK, Salmon R, 40,700  0B-10/Apr/82 16 0.03% £/

RG SU 4 (McCall Hat,)
10/24/131 40,500 25 0.042 £/

RD 54 2 B

Coho_sulmon

07/24/29 Cascade Hat, 27,700  25/May/82 25 0,090 1y 4,401
07/24/33 28,200 0 0.104 121 0,429
63/24720 Cowlitz Hat, 7700 03/May/82 18 0.184 89  0.M8
A3/24/2% 9,800 15 0,134 17 0778
63/24/22 10,300 % 0,240 93 0.8%4
83/24/23 10,200 i8 0,173 85  0.825
43/24/24 10,100 19 0.198 103 1,020
63/24/25 ' ' 19,500 ' 13 0.4 145 1,381
63/24/26 10,400 15 0.143 11 1,048
§3/24/27 10,400 15 0,144 114 1,09
63724728 10,300 18 0.7t 106 1,010
43/24729 10,400 1 0,108 6 1,115
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Appendix Table Bl.--continued.

83/24/30
63/24/31
63/24/32
63/24/33
63/24/34

63/24/35
63/24/34
63/24/37
63/24/38
63/24/39

63/24/40
63/24/41
63724742
63724743
63/24/44

63724745
63/24/44
63/24/47

INAFAD
63!{1!"0

63/24/49

05/10/35
05/10/34

05/10/37
05/10/38

05/10/39
05/10/40

07/23/49
07/23/57

07/23/50
07/25/58

07/25/54
07/23/51

07/25/95
07/25/53

07/25/56
07/25/52

63/25/13
83/25/14
83/ 25/1%5
63/25/14
83/25/17

63/25/18
63/25/19
83/25/20
63/25/21
§3/25/22

63/25/23
63/25/24
63/25/23
63/23/24
63/25/27

Coulitz Hat.

Eagie Cr. Hat,

Sandy Hat.

Washougal Hat.

10,500
10,500
10,100
10,400
10,400

10,300
10,300

20,000
19 160

42,600
42,400

48,200
84,600

23,900
28,100

26,400
27,800

27,600
27,200

28,200
25,900

27,400
26,800

10,100
9+800
10,200
9,700
- 9,800

10,100
10,100

10,000

03/tay/82

06/May/82

30/8p1/82

23/May/82
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1,097
1,040

0,795
0.423

0.387
0,606

0,567
0,549

14504
1,416

1,500
1,355

1.280
1,363

1,432
1212

1,217
1,313

0.412
0,333
0,282

0.449

0.374
0,384
0,366
0,422
0.359

0,378
0,374
0,633
0,294
0,505



Appendix Table Bl.--continued.

63/25/28
63/25/29

63/25/3)
63/25/31

63/25/32

63/25/13
63725134
63/25/35
63/23/36
63/25/37

63/253/38
63/25/39
63/23/40
&3/23/41
63/25/42

10/24/04
10/24/50

Washougal Het. 10,100

Pahsimeroi K. 40,100
{Niogara Spr.Hat.} 40,500

Coho salmon

09/Apr/82
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Appendix Table Bl.--continued.
' REPLICATE GROUPS 1981

-~ Release Information Juvenile catch
“fark o7 at Adult

(Loc Br Rot) Site Date Jones Beach ¢/  Recoveries d/
(Ag/D1/D2) {source} b/  Number (da/mo/yr) {novT (2T 1) ay

Subyearling_chinook salson
05/07/44  fbernathy SCDC 22,300  15-2¢/Apr/8t 10,049 87 0,389

05/07/45 74,100 48 0,063 240 0,351
07/23/41 Bonn, Hat, 30,300 12/May/81 45 0,089 37 0,073
07/23/42 91,4600 45 0.087 24 0.047
07/23/43 ! ' 93,200 * 9 0,111 30 0,034
07723744 91,800 55 0,104 ¥ 0114
07/23/45 ' ' 31,000 . 41 0,080 10 0,020
07/23/46 50,800 58 0,114 32 0.083
05/07/47 Lit,¥h.5al.Hat, 183,400  04-05/Jun/81 i17 0,064 12 0,007
05/08/49 S2y400 43 0.082 1 0.002
05708/ 13,360 4 030 1 0,007
05/07/43 Rock Creek 25,700  21-22/hpr/81 10 0.039 50 0.194
05/07/46 (Spring Cre Hat.} 150,500 36 0,037 31 0,207
05/07/40 Spring Cr. Hot. 104,600 25/Mar/81 83 0.080 42 0,040
5707748 23,800 12 0,042 8 0.028
05/07/50 ' + 13,700 y 9 0,065 i 0,007
93/07/51 15,300 8 0,052 & 0.039
05/07/41 ' ' 76,700  15/Apr/81 78 0.102 bL) 0,070
05/07/49 30,900 35 0,113 23 0.081
Yeariing chinonk sqlmon

10/22/21 Lenhi R. a0,000  08/Apr/Gl 7 0.014 10 0,020
10722722 (Hayden Fd.) 31,000 7 0.014 4  0.008
10/05/19 Keoskia Hat. 17,900 07/Apr/81 2 0.011 0 4,000
10/22/19 37,700 3 0,008 2 0,005
10/22/20 38,600 0B/Apr/B1 4 0.010 1 0,003
07/722/47 N:» Santiam R. 49,900 05/Nov/80 4 0,008 8 0014
07/22/48  (Marion FKs. Hat.) 49,900  04-07/Nov/80 3 0,010 11 0.022
07/22/51 ' ' 47,100 16-23/Har/81 7 0,013 22 0.047
072/22/50 49,600  17-20/Mar/81 7 0,014 20 0.040
07/22/4% 50,200  18-20/Mar/81 10 0,020 24 0.048
07/22/33 ’ * 42,200  16-24/Kar/B1 10 0,024 27 0,044
07/22/52 39,600  23-24/Mar/Bi 10 0,025 34 0.086
07/22/18 McKenzieBleaburg 32,300  05/Nov/81 i 0.003 23 ¢.0n
072/22/21 {McKenzie Hat.) 37,900 4 0,011 17 0.045
10/22/36 Ropid K. Hat. 49,000 12/Apr/B1 3 0.007 £/

10/22/17 44,200 7 0,016 2 0,005
10/22/38 31,900 10 0.019 1 0,002

Coha salwon

07/22/5% Sandy Hat. 27,500 01/May/81 21 0,076 3 1,313
07/22/57 28,900 16 0,035 387 1.337
07/22/56 . ' 27,300 ' 20 0,073 N 1,358
07122158 284000 12 0.043 364 1,298
07/32/9% ' ' 29,800 ! 34 0.114 539 1.792
07722142 27,700 29 0.0%0 a0t 1,803
07722760 ' ' 28,100 ' 17 0,061 442 1,373
07/22/63 29,600 18 0,041 485 1,634
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Appendix Table Bl.,--continued.

Coho salmon

07/22/61 Sandy Hat. 29,700 01/May/81 20 0047 451 1,515
07723701 28,800 22 0,074 54 1,571
07/21/27 Tanner Creek 24,900 0é&/May/81 24 0.0% 510 2,047
07/0/30  (Cascade Hat.) 24,400 28 0,109 488 1.828
07/21/28 * . 27,900  08/Jun/81 2 0,075 1017 J.644
07721731 26,000 23 0,09 792 2,883
07/21/29 ' ' 2,700 06/Jul/88 13 0.047 811 2:925
07/21/32 28,900 19 0,064 444 2,225
RAIY 1 Rock Island 5,000 24/May/81 2 0.041
RA IY 2 (Turile Rock Pd) 4,900 25/May/81 1 0.021
LA IY § ' ! 5,000 27/May/B1 2 0.040
LA Iy 2 4,900 28/MAy/81 1 G402
LA IN 2 ' ' 1,000 01/Jun/B1 1 0.101
LA IN 4 1,000 1 0.1
83/ 21750 Washougal Het, 51,700 30/Apy/81 45  0.087 386 0,707
63722702 51,900 4 0,089 226 0,435
Steelhead
LAP2 Clarkston 1,700  01/May/BL 3 0,175
LAS1 (Lo, Granite DAM) 2,200 I 0,137
LAP3 ' ' 5,300  03-09/May/B1 10 0.181
tA§?2 4,800 13 019
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Appendix Table Bl.--continued.
REFLICATE GROUPS 1980

Release Information

Juvenile catch

Hark a/ q Adult
{Loc Er Rot) Site Date Jones_Beach ¢/  Recoveries d/
(Ag/D1/D2) (source) b/  Number (da/mp/yr) (nosy (47 (no.
Subyearling chinogk_salson
07/21/33 Fonn, Hat. 50,400 27/May/80 12 0.0M 17 0.034
07/21/34 49,900 14 0,023 24 0,048
07/21/35 ' ’ 48,000 . 24 0,050 10 0,021
07/21/34 49,400 26 0,033 21 0,043
07/21/42 Skamania Lt, 30,100  27-28/May/80 21 0,042 21 0.042
07/21/43 {Oxbow Hat.) 53,000 20 0,038 32 0.060
05/06/48 IS Bonn, Daa 99,300  19/May/80 40 0,040 1091  1.09%
05/06/47  (Spring Cry Hat.) 99,700 H 0031 1028 1,024
Yeorling chinook salmon
10/21/22 Lexhi R, 40,100  01-01/Apr/80 2 0,008 18 0.045
10/21/26 (Hayden Cr. Pd.) 41,100  03-04/Apr/80 4 0,010 1 0,027
LD I 2 Methow R.@Mo. 153,000  05/Kay/80 3 0,034
RO IL 2 (Leavenworth Hat.} 13,800 2 0,015
LbF 1 ¢ ' 16,400  10/Hay/80 & 0,037
RDF § 15,200 2 0,014
b Iy ! ¢ ' 15,200  13/May/80 7 0.044
RD IY & 13,300 1 0.008
LA PI 2 Icicle Creek 32,900  27/May/80 & 0,019
LA PT 4 {Leavenworht Hat.) 33,000 01/May/80 4 0,013
LA PI 1 32,700 24/hpr/80 4 003
LD IL 3 Pr. Ropid 15,200  20/May/BO 5 0,033
RE IL 3 (Leavenworth Hat.) 14,700 4 0,028
LDF 2 : . 16,200 22/May/80 3 0,019
RDF 2 15,400 13 0.084
Lh Iy 2 ' ' 15,200  27/May/B0 14 0,105
AD IY 2 13,200 7 0.053
LA PP 11 wh, Bluffs 32,600  24/Apr/80 13 0,040
LA § 1t (Leavenvorth Hat.) 35,400 16  0.046
LDIL 1 Richlend 15,900  22/May/80 4 0,028
RD IL § (Leavenworth Hat.) 13,400 &  0.044
LD F 3 ' ' 16y200 24/May/80 6 0.037
RDF 3 13,800 g8 0,05t
oIy 3 : . 15,400  29/May/80 i0  0.085
RO IY 3 13,900 & 0,044
kA9 1 Dalton Fi. 32,400  24/Apr/80 4 0.044
RAIK 1 (lLeavenworth Hat.}) 32,900 22 0,048
R 92 ' ! 32,700  27/Apr/80 15 0.047
Ra IXK 2 32,3900 29 0.090
RA IK 3 & . ! 32,600  01/May/80 4 0.101
03/54/02 32,600 4 00
RA 23 32,400 27 0,084
07/20/43 Destter 31,300  05/Now/79 5 0,014 34 Q.09
07/20/43 (Dakridge Hat.) 30,800 & 0,019 1 0,133
07/20/42 ' 30,700 10-11/Mar/80 20 0,085 24 0,957
07/20/44 30,700  10/Mar/80 25 0.081 265 0,842
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Appendix Table Bl.--continued.

07/19/49
07/19/30
07/1%/51

07/20/18
07/20/1%

07/20/20
07/20/21

¢7/20/31
07/20/13

07/20/32
07/20/34

07/20/35
07/20/36

07/20/37
07/20/38

Lh 52 1
RB S21

Lb 52 2
RD 52 2

LbIX 2
RDIX 2

LD IH 2
RDIH 2

LD IH 3
RD IH 3

63/20/39
£3/20/40

63/20/37
£3/20/38

63/19/34
63/19/55

03/03/59
05/06/34

03/06/60
05/06/50
03/06/33

RD X3 1
LA 50 1

RD IU 2
LA SU 4

LA X33
RA DT 3

10721 /56
10/21/57

Lby1
Y1

Deschutes R.
{Rnd: Butte Hat.)

BS Willam, Falls
{5. Santice Hat,}

Foster
(5. Santiam Hat.)

Sandy Hat.

Rocky Reach Res.
{Turtle R. Pd.)

Rocky Reach Tail
(Turtle R, Pd.}

Rocky Reach Res,
(Turtle R: Fd.)

Rocky Reach Tail
{Turtle R, Pd,)

Washougal Hat.

Lito "ht Sal, K.
(dillard Hat.)

DS Bonn. [ian
(Willard Hat,)

Pohsiaerol R.
{Dworshak Hat,)

Lemhi R,
(Iworshak Hat.)

Iworshak Hat.

Pahsimeroi
(Hiagra Sp. Hat.)

Wells D, Res.
{Wells Spu, Chi)

28,100
9,900
29,100

34,700
35,000

(a3

33,000
34,800

25,100
25,100

254300
25,200

23,700
24,409

26,000
26,400

24,100
24,100

29,400
22,400

27,100
24,800

24,900
27,200

27,900
25,400

99,600
98,4600

§7,200
97,800

106,700
106,700

42,300
31500

33,700
47,700
31,400

55400
51000

10,500
10,100

10,100
9,900

49,900
30,200

13,400
13,4000

14/Apr/80 1%
14-15/Apr/80 ?
05-04/Nov/79 3
4
! 2
1

Loho_salson
01/May/B0 16
15
' 14
17
20
' 12
20
13/4ay/80 7
9
' 10
5
16/May /80 5
2
19/4ay/80 8
3
' 4
4
08/May/80 82
48
0%/Jun/80 53
&3
07/Jul/80 126
118
23/¥ay/80 ﬂf
24/May/89 3
25/May/80 g
18

Steelheed
Q4/Feh-27/hpr/B0 1
23-27/dpr/90 1
22/Apr/80 2
24/4pr/80 2
29/fpr/80 2
2
08-14/Apr/B0 28

07-17/Apr/80 ]
01/May/80

—
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28

al
152

259
278

264
285

377
298

683
486

2393
2267

4556
4430

137
158

74
119
123

4
207

0.000
0.007
0.017

0.014
0.017

0.030
0.080

¢.858
0.404

1.014
1,095

1.019
1.143

1,448
1,126

4,684
0.6%6

2+482
2.318

4,270
1,14

0,323
0,307

0,249
0.248
0.239

0,483
0.411



Appendix Table Bl,-~continued.

Steelhead
BY3 Wells D, Tail. 13,000 '
DY3 (Wells Spws Chy) 12,200
K3 bells D, Res. 14,300  03/May/80
kK3 {Wells Spw, Chy) 13,400
hK2 Wells D, Tail, 13,100 '
DK2 (Wells Spw. Ch.) 13,800
D)3 Wells D, Res. 13,100  03/Kay/80
IJ3  (Wells Spws Ch) 11,200

S B Bo Xe
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Appendix Table Bl.--continued.

Release Information

REPLICATE GROUFS 1979

Juvenile catch

Mark o/ at Adelt
(Loc Er Fot) Site Bate Jones Beach £/  Recoveries d/
(Ag/Di/D2) (source) b/  Number (da/mo/yr) (TN (nov Y
Subyearling_chinook_salmch
b IC 1 John Ty D, 20,000 08/ Jun/79 29 Gulds
LD I1C 2  {(Spring Cr. Hats) 20,400 2 0,103
LD IC 3 19,800 20 0.101
LD IF 1 ' ' 19,600  03/Jun/79 19 0.097
LD iF 2 20,100 & 0,030
LD IF 3 20,200 13 0.074
LD IK 1 ' ' 19,500 ! 17 0.087
Lk IK 2 19,500 10 0,032
LD IK 3 19,500 19 0,098
LDPI 1 ! ' 21,200 0&/Jun/79 17 0.081
LB PI 2 20,200 2 3,119
LD PL 3 19,400 22 0.113
RD If 1 ' : 24,800 ' 26 0.106
BB IC 2 20,000 19 0,09
RD IE 3 20,200 21 0,105
Rb PI 1 ! ' 20,100 ! 30 0.150
RD PI 2 20,300 23 614
RO P13 20,100 21 0,105
RD IF 1 ! ' 20,100 05/Jun/79 16 0.080
RD IF 2 20,100 18 0,090
RD IF 3 19,700 23 0117
RD IK 1 ' ' 21,500 . 30 0,140
RD IK 2 200700 33 0,160
RO IK 3 19,000 2 9.148
03/55/01 Rig ¥h. Pd, 28,300 26/ dun/79 25 0,088 1 0,004
03/56/01 (Spring Cr, Hat,) 34,700 17 0.049 2 0.006
03/37/01 36,300 11 0,030 0 0,000
05/04/34  Spring Cr. Hat. 93,500  20/Apr/7? 196 0,208 £/
05/04/44 135,500 281 6.208 {7
Yearling chinopk_salson
07/16/26 Mill Creek 31,500  08-09/Nov/78 §  0O7e/ 23 9.045
07/1%/17  (Bonp. Hat.) 48,200 10 0.024 20 0.041
07/19/18 51,1600 8 0,014 7 0,033
43/18/17  Cowlitz Sal. Hat, 24,000 23/Apr/79 I 0.144 813 3471
43/18/18 24,300 34 0,140 634 24417
10/04/15 Rapid R. 127,000  15/Mar-13/8pr/79 30 0,024 115 0.091
10/04/24 (Dworshak Het.) 122,000 .48 0,039 107 0.088
07/17/47  Eagle Creek Hat, 45,200  01/Mar/79 39 ¢.004 29 0,083
07/17/48 48,200 ] 0.104 51 0,106
LD IH1  Vantage Bridge 49,800 11/May/79 85 0.t72
RD IZ 4 (Leavenwsrth Het.) 55,900 74 0.158
L IZ 1 ' ! $§2)600  12/May/79 95 0,132
RK IZ 2 50,000 74 0.189
RD IH 1 Wanapum I, 38,400 13/May/79 22 +240
RO IZ 1 (Leavenworth Hat.) 4%,000 101 0.208
LD I7 2 * ! 52,400 14/May/7% 83  0.159
Rk 12 3 42,500 100 0.160
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Appendix Table Bl.--continued.

02717723

07/17/26
07/17/29

07/18/2%
07/19/27

97/19/29
07/19/30

05/03/52
03/03/33
03/03/354

03/03/49
03/03/%0
03/03/51

07/13/08
07/15/11

07/1%/07
07/19/10

0719709
07/19/12

43/19/11
63/19/12

63/19/23
83/13/2¢9

63/19/23
83719724

&3/19/27
63/19/34

LA AN 13
WHLEYW
LA AN 2%
WHLBPK
LA AN 3%
WHLBLG

RAY LS
WHLBWH
RAY 23
WHLERD

RATA
RA Y 4

LDP I
tDP3
ROF 1
RO P 3

H. Sﬁntinh
{Marion FXs. Hat,)

S, Sontice Hat,

BS Willam. Faolls
(5. Santiam Hat.)

Willard Hat,

Lit, Wh, Hat,
{Willard Hat.)

Tanner Creek
{Cascade Hat.)

]

Toutle Het.

Washougal Hat.

Iticle Creek
{Chelan Hat.}

DS Bonn, Jigm
(Chelan Hat.)

[0S Boons Loa
{Tucannon Hat,)

Wells Dan
{Wells Spaw, Ch,)

49,600
49,400
44,5900

31,300
32,700

32,500
32,800

35,500
39,700
35,900

31,100
31,200
32,900

27,900
24,900

27,100
29,900

24,500
25,100

42,400
34,600

39,700
41,100

74,300
80,400

81,000
82,000

23,900
19,100
24,100

23,300
24,300
20,700
22,000

10,000
10,000

10,000
9,600

'

03-09/dpr#i79

07/Nov/78

01/Nav/78

19/8pr/79
Loho sainon
07/May/7?
07/ Jun/7?
06/ 1/79
07/May/79
04/ Jul/79
07/¥ay/79
06/ Jul/79

Steelhead
26/Apr/79

28/8pe/ 77

17/tay/7%

04/May/ 7%

237

32
37

—
N

I—ﬁ’_‘m

20
10

18
18

37
32

30
36

m
40

10%
#5

81
87

197
191

22
14
19

i

-~
poag=1

PE Sy X

0.064
0.042
0.082

0.013e/
0,007

0.018e/
0,0358/

0.014g/
0,008
0.003

4,064
0.038
4,030

0,064
0,067

0,135
0,123

0,203
0.223

0.108
0,115

0.274
0,233

0.109
0,108

0.243
0,233

0,092
0,073
0,079

0,163
0,086
0,434
¢.308

0.421
0,010

0.041
4.021

17

18
2

&4
43

&8
114

144
169

299
344

192
248

482
A28

400
434

1022
1333

1078
80

108
76
§2

72
97



Appendix Table Bl.--continued.
REPLICATE GROUFS 1978

Relegse Information _ Juvenile catch
Hark o/ _ at Adult
(Loc Br Rot) Site Jones Beach ¢/  Recoveries d/

Date
(Ag/H1/DD) {source) b/  Humber (da/mo/yr) T Y 4) 11 D (11

Subyearling chinook salmon

05/03741  Lit. Wh, Hat. 49,300 20/May/78 96 0.0 3 0010
05/03/44 31,300 W 0.209 I 0.008
03/03/45 925100 127 0,243 to 04002
05/03/44 ! ' 49,800 ! 114 0,229 3 0010
09/03/47 47,400 99 0.200 4 0,008
05/03/48 ! ' 49,500 ' 121 0,244 I 0,002
05/03/55 ! ! 39,300  12/Ju}/78 13 0.038 13 0,038
05/03/54 40,100 18 0,043 11 00
05/03/57 39,100 28 0.0 17 0.043
05/03/42 ! ' 90,500  24/May/78 196 0,210 3 006
05/41/01 48,400 17 4,242 g 9.017
05/63/01 52,200 105 0.2 & 0.0
05/03/39 Spring Creek Het. 49,00  18/Aug/78 & 012 172 0,345
03/93/40 32,000 7 013 231 0.444
05/03/41 30,500 6 012 182 0.360
05/60/0% ' ' 98,100  18/Apr/78 153 157 e/

03/42/01 92,300 175 191 e/

07/17/08 Upstr. Willem, Folls 50,900  31/May/78 44 0,086 43 0.084
07/17/10 (Stayton Fd.) 51,100 01/Jun/78 ad 0,102 36 0,109

Yearling Chinook_Saleon

61716712 Cowlitz Hat. 28,200  08/Mar/78 34 0,122 1100 3.901
63716713 27,700 27 0,097 1245 4,495
63/17/0% ' ' 89,400 ' 124 0,129 283  3.472
63717710 87,900 109 0,125 2790  3.174
£3/17/11 ' ' 58,200 ' 77 0,132 241 313
$3/17/12 56, 900 85 0,149 2218 3.898
43217/17 ' ' 71,300 ' 70 0,098 2181 3,059
63/17/18 49,400 64 0,092 2240 3,228
63/16701  Klickitat Hat, 144,800 31/Mar/78 73 0.051 £/
83/16/02 146,300 76 0,053 ¥/
WHROLB RAL1 DS Bonn, Dam 37,000  09/May/78 22 0,059 1 0,002
WHRDPK RAL?  (Kooskia Hat.) 34,900 22 0.060 4 0,010
WHRDYW RAL3 35,400 20 0,05 3 0,008
WHRDXY RAL4 37100 15 0.040 3 0,000
09/16/81 N, Santiam R, 48,600 13-14/Mar/78 17 0,035 17 0,033
09/16/62 (Marion FKs. Hat,) 45,900 2 0,048 18 0,039
09/14/43 50,200 17 0,034 18 0.036
09/17/01 ' . 49,100 ’ 28 0.058 e/
09/17/02 49,600 22 0,044 2/
09/12/03 30,000 22 0,044 &/
07/14/11  Fnd. Butte Hat. 44,400  31/Nay/78 30,072 £/
07/14/12 45,200 4 0,074 ¥/
09/16/27 S, Santiax Hat, 28,700  07/Nov/77 2 0,007 158 0.550
09/14/2% 28,700 1 0,003 164 0,57
09/16/30 DS Willam, Falls 25,900  08/Nov/77 4 0,015 2 0,277
09/16/31 (5. Santiam Hot,) 29,000 30,010 95 0,327
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Appendix Table Bl.--continued.

———

09/16/23 15 Willam, Falls 26,900 13-14/Mar/78 0 Gl B[ LI

99716724 (S, Santiam Hat,) 24,600 25 0.102 209 1.170
Coho_salwon
LN ID 1 John Day Dow 31,400 09/May/78 3 0,105
LA ID 2 {Carson Hat.) 31,500 37 0,119
La il 3 32,300 22 0,049
RAID 1 y ’ 33,000 22/May/78 29 0,083
R 10 2 33,000 17 0,053
RAID 3 33,000 12 0.037
Lb 141 DS Boan. Dam 31,500 1B/May/78 13 0.042
LG 1) 2 (Cerson Hate) 33,100 17 0,093
Lh1d 3 32,300 7 0,083
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Appendix Table Bl.--continued.

REFLICATE GROUPS 1977

Release Informotion Juvenile tatch

Mark a/
(Lot Br Fot)

Adult

at
Site Date Jones Beach ¢/  Recoveries d/
{hg/D1/D2) (source} b/ Number  (da/mo/yr) (noeT (AT (nos7 [v43

Subyesrling chinook_saiman

09/14/12 Upstr, Willam. Fulls 44,600 02-04/Apr/77 106 0,238 16  0.03h

09/16/13  (Aumsville Fd.) 43,100 103 0,239 19 0,044
09/16/06 DS Willam, Falls 92,000 238 0,239 26 0.028
09/16/11  (Aumsville Pd.) 44,400 143 0,308 17 0,08
09/14/07 43,500 123 0,282 17 0.039
05/44/01 Spring Creek Hat. 94,700  08/8pr/77 216 0,223 £/

95,800 207 0,216 F/
05/49/015RD U 1 73,800 215 0.284 1/

Yearling chingok_salmon

13/09/11 Cowlitz Hat. 88,000  0B/Mar/77 44 0,050 04 1,027
13/09/12 88,600 3% 0,041 1104 1,246
13/09/14 ' ' 51,700 ' 3 0,050 1078 1.4
13/11/04 &1,600 24 0,039 1052 1708
13/13/01 ' ! 28,700 ' 12 0,042 412 2,132
13/13/04 27,900 12 0.043 N7 2,570
09716702  Rnd. Butte Hat., 29,400 02/May/77 2 0.007 ¢ 0.000
09/156/01 31,700 2 0004 2 0.006

Coho salson

06/03/14 Sandy Hat., 24,800 27/Apr/77 8 0.3 21  1.6%1
06/06/01 25,800 70,087 4 1.3
06/05/13 Sandy Hat. 24,400  22/#pr/77 8 0,033 418 1,708
06/06/03 22,800 & 0028 37 1483
06/06/02 ' ' 20,4100 ' & 0030 gz 1.897
06/06/04 23,400 10 0,043 49 1,950
LA X3 1§ Pasco 16,600  01/May/77 3 0,019

Rt X3 1 {Turtle Rock Pd.) 16,400 1 0.007

05/20/04 Willard Hat. 88,300  02-04/Hay/77 20 0,023 e/
05/21/04 93,800 21 0,024 e/

10/13/07 DS Bonn. Dam 17,000 21/May/77
10713/09  (Dworshak Hat.) 17,300

4

3
10/13/11 Clearwater R, 57,200 20-21/Apr/77 7 0,017 52 O
10/13/13 (Dworshak Hat.) 31,100 5 0.

10/02/36 Pahsineroi R. 55,400 03-10/Apr/77 2 0.004 9 0
10/02/35 (Niogra Sp. Haot.) 97,300 3 ]

0.017 20

0.018 18

0,008 9

al

—

m e

5

¢.024 10 g.OS?

Percent of total release calculated from observed recovery. No data {(-) means elther

adulta have yet to return, were not collected, or were not obtained from fishery agencies

prior to analysis. Comparisons between groups released at different times may be
erroneous because of differences in ocean distribution, unequal fishing effort, or
sampling effort.

More complete release information is avallable in Dawley et al. 1985b and from the
releasing agency Figure 1. Abbreviations: Bonn=Bonneville, CreCreek, D=Dam, DS=
Downstream, Fk=Fork, Hat=Hatchery, Lit=Little, Lt=Light, Lo=Lower, N=North, Pd=Fond,
pr=Priest, R=River, RessReservoir, Rnd=Round, S=South, Sal=Salwon, Spr=Spring, Str=
Stream, SCDCeSalmon Culture Developmental Center, Tajil=Tailrace, and Wh=White.

Actual cacch and percent of number released for beach seine and purse seine combined.
Observed recoveries from ocean and river fisheries plus escapement; preliminary dacta.

Includes fall catch as well as spring catch.

Kot used for adult recovery comparison due te probable survival difference in seawater
due to treatment. 240



Appendix Table B2,--Mean stomach fullness and standard deviation for juvenile
salmonids captured in purse and beach seines at Jones
Beach by 3~day intervals, 1980.

——— e -

- -

~Purse Seine = _Beqach Seine = Purse & Beach
Seine
1980 n Mean SD n Mean SD n Mean SD

COHO SALMON

MAY S-NAY 7 1 3.0 0.00 8 4.9 1.13 9 4.7 1.22
MAY 8-MAY 10 11 4.1 1.58 7 4.4 1.40 19 4.3 1.49
MAY 11-MAY 13 27 4.3 1.30 4 4.5 1.91 31 4.3 1.33
MAY LA-HAY 14 &6 4.1 1,00 14 5.0 1.10 82 S.i 1.0t
MAY 17-MAY 19 7% 4,0 1.12 33 4.1 1.11 112 4,1 1,11
MAY 20-MAY 22 13 3.5 1.27 ¢ 0.0 0,00 13 3.5 1.27
MAY 23-MAY 25 12 3.6 1.31 24 1,8 1,51 36 2.4 1.68
HAY 246-MAY 28 20 4.3 1.34 11 3.3 1.1¢9 31 3.9 1.34
MAY 29-HAY 31 4 A3 1.37 11 2.6 1.2 17 3.2 1.48
JuN 1-JuN 3 ? A.4 1,13 1 2.0 0.00 10 4.2 1,32
JUN  4-JUN & g 3.8 t.28 2 4.5 0.71 10 3.9 1.20
JUN  7-JuN @ 2 %.0 1,41 0 0.0 0.00 2 5.0 t.a41
JUN 10-JUN 12 1 4.0 0.00 ¢ 0.0 0.00 1 4.0 0.00
JUN 13-JUN 1% 48 4.3 1.45 & 4.5 1.32 54 4.3 1.45
JUN 14-JUN tB 39 3.8 1.20 23 3.7 1.21 62 3.8 1.20
JUN 19-JUN 2% 2 5.5 0.71 1 3.0 90.00 3 4.7 1.53
JUN 22-0JUN 24 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JUN 2%-JuN 27 9 0.0 0,00 Q9 0.0 0,00 a 4.0 Q.00
JUN 28-JUN 30 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JuL 1-JuL 3 o 0.0 ©.,00 9 0.0 0,00 9 0.0 0.00
JUL  A-QUL & 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JUL 70Ul 9 0 0.0 0.00 0 0.0 0,00 0 Q0.0 0.00
JuL 10-JuL 12 74 4,5 0.89 11 4.8 0,75 85 4.5 0.88
JUL 13-JUL 19 0 0.0 0,00 3 3.7 1.53 3 3.7 1.53
JUL 15-JUL 18 0 0.0 0,00 2 5.5 ¢.71 2 5.5 0.71
JUuL 19-JuL 21 ¢ 0.0 0,00 0 0.0 0.00 o 0.0 0.00
JuL 22-JUL 24 0 0.0 0,00 0 0.0 0.00 0 0.0 0.00
JUL 2%-4UL 27 1 3.0 0,00 0 0.0 0.00 1 3.0 0.00
JUuL 28-Jut. 30 0 0.0 0.00 & 0.0 0.00 0 0.0 0.00
YEARLING CHINOOK SALMON
HAR  9-MHAR 11 ¢ 0.0 0.00 S 2.8 .84 5 .8 0.84%
MAR 12~MAR 14 0 0.0 0.00 5 3.5 t.52 5 3.4 1.52
MAR 135-MAR 17 1 1.0 ©.00 3 1.7 1.15 4 1.5 1.00
MAR 18-~MAR 20 2 1.0 0,00 39 2.5 1.5%5 41 2.4 1.55
MAR 21~-MAR 23 0 0.0 0.00 10 2.7 1.89 10 2.7 1.89
MAR 24-MAR 24 3 2.0 1.00 31 2.5 1,357 34 2.5 1.52
MAR 27-MAR 29 1 2.0 0.00 25 2.6 1.%8 26 2.6 1.5%
APR 2-APR 4 ¢ 3.4 1.67 19 3.4 1.54 28 3.4 1,5%
APR  S-APR 7 8 3.6 1,06 S 3.4 1.14 13 3.5 1.05
APR  B-AFR 10 21 3.8 1.83 31 3.4 1.33 52 3.6 1,55
AFR 11-AFR 13 ¢ 3.4 0,73 4 3.3 1.03 15 3.4 0.83
APR 1a—APR 16 44 4.3 1.5 20 4.1 1.28 44 4,2 1,47
APR 17-APR 19 28 4.2 1.2% 3 2.0 1.73 31 4.0 1,43
APR 20-APR 22 18 4.3 1,27 8 3.4 1.1% 24 4,1 1,24
APR 23-APR 2% 17 4.9 2.03 g8 4.1 1.8% 2% 4.4 1.98
APR 25-AFR 28 8 5.0 1.20 2 4.% 0.7 10 4.9 1.10
APR 29-MAY 1 19 3.0 1.15 = 3.0 1.41 24 4.4 1.44
HAY  2-MAY 4 11 5.5 0.49 ¢ 0.0 ©.00 11 5.5 0.69
MAY S-MaY 7 63 3.8 1.40 31 3.8 1,19 %4 3.8 1.33
MAY  B-MAY 10 38 4.4 1.41 29 3.9 1.29 47 4.2 1.37
MAY 11-MAY 13 & 4.3 1.21 1 4.0 0.00 7 4.3 t,11
MAY 14-MAY 14 3 4.3 0,58 0 0.0 0,00 3 4.3 o0.%8
MAY 17-MAY 19 ? 3.4 1.33 1 1.0 0,00 10 3.3 1.49
MAY 20-NAY 22 O 0.0 0.00 ¢ 0.0 0.00 0 0.0 0.00
MAY 23-HAY 2% 4 2,0 0.00 0 0.0 0.00 4 2.0 0.00
MAY 26-MAY 28 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
MAY 29-HAY 31 0 0.0 0,00 ¢ 0.0 0.00 0 0.0 0,00
JUN  1-JUN 3 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JUN 4-JUN & 1 1.0 0.00 1 2.0 0.00 2 1.5 0.71
SUN 7-JUN ¥ 1 4.0 0.00 o 0.0 0.00 1 4.0 0.00
JUN 10-JUN 12 3 1.0 0.00 0 0.0 0,00 3 1.0 0.00
JUN 13-JUN 1% 0 0.0 ©.00 0 0.0 0,00 0 0.0 0.00
JUN 146-JUN 18 1 4,0 0.00 0 0.0 0.00 1 4.0 0.00
JUN 19-JUN 21 o 0.0 0.00 0 0.0 0.00 0 0.0 0.00
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Appendix Table B2.--continued.

Lurse_Seins = _Beoch Seipe = Purse 1 Baach
1780 n Mean 5D n Kean 8D T‘gfdgﬁ"ﬁw‘
BYEELKEAD
APR 20-APR 22 1 7.0 4.00 0 0.0 ©.00 1 2.0 0.00
APR 23-AFR 23 1 5.0 0.00 © 8.0 0.00 1 5.0 0.00
APR TA-APR 28 1 5.0 0.00 0 0.0 0.00 1 5.0 0.00
APR 29-MAY 1 40 3.5 1.8 6 0.0 0.00 40 3.5 1.49
HAY 2-MAY 4 23 2.8 1.54 ¢ 0.0 0.00 23 2.8 1.54
MAY S-MAY 7 111 2.4 1,32 & 1.5 0.8a 117 2.4 1.31
HAY 8-MAY 10 33 3.0 1.07 2 2.0 1.41 55 3.0 .09
MAY 11-HAY 13 25 3.3 1,19 0 0.0 0.00 25 3.5 1.19
MAY LA-MAY 14 32 3.8 1.0 0 0.0 o©.00 32 3.8 1.49
MAY 17-MAY 19 8 2,9 1.13 9 0.0 0.00 B 2.7 1.13
MAY 20-MAY 22 2 4,0 0,00 e 0.0 0.00 2 4.¢ 0,00
::: g:—::: g: 17 2.4 1.41 o ¢.0 9,00 17 2.4 1.41
- 1 4.0 0.00 e 0.0 0,00 1 4,0 .
HAY 29=-MAY 31 2 2.0 Q.00 o 0.0 0.00 2 2.0 3.33
JUN 1-JUN 3 2 1.5 0.71 0 0.0 0,00 2 t.3 0.71
JUN  4-JUN & 1 7.0 0.00 ¢ 0.0 0.00 1 7.0 0.00
JUN 7-JUN 9 ¢ 4.0 0.00 o 0.0 0.00 o 0.0 0.00
JUN 10=JUN 12 4 2.8 1.50 o 0.0 0.00 4 2.8 1,50
JUN 13-JUN 13 0 0.0 .00 9 0.0 0.00 0 0.¢ 0.00
JUN 16-JUN 18 2 2.5 0.71 9 G.0 Q.00 2 2.5 o.M
JUR 17-JUN 21 1 2.0 49.00 ¢ 0.0 0.00 1 2.0 0.00
JUN 22-JUN 24 0 0.0 0.00 ¢ 0.0 0.00 0 0.0 ©.00
JUN 25-Jun 27 2 3.0 .41 ¢ 0.0 0.00 2 3.0 1.41
JUN 28-JUN 30 o 0.0 0.00 ¢ 0.0 0.00 e 0.0 ©0.00
SUAYEARLING CHINODK SALMON

MAR 12-HAR 14 o 0.0 0.00 2 4.0 1.4 2 4.0 t.41
HAR 13-MAR 17 0 0.0 0.00 & 4.0 1.55 4 4.0 1.55
HAR 18-HAR 20 0 0.0 0.00 21 4.3 1.24 21 4.3 1.24
MAR 21-MAR 23 @ 0,0 0.00 7 4,7 0.7 7 4.7 0.74
HAR 24-HAR 24 ¢ 0.0 0.00 14 4.0 1.51 14 4.0 1.51
HAR 27-MAR 2 ¢ 0,0 0.00 0 0.0 0.00 0 0.0 0.00
MAR 30-APR 1 o 0.0 0,00 4 4,3 1.2 4 4.3 1.24
APR  2-APR 4 0 0.0 0.00 4 4.3 2,22 4 4,3 2.22
AFR 35-AFR 7 0 0.0 0.00 1 7.0 0.00 1 2.0 0.00
APR  8-AFR 10 4 J.0 1.43 7 2.1 1.07 11 2.5 1.29
AFR 11-AFR 13 0 0.0 0,00 4 3.0 1.4 4 3.0 1.41
APR 14-APR 14 4 4.3 1.37 4 4.3 1.03 12 4,4 $.14
AFR 17-APR 1% 3 5.3 0.78 12 4.2 1.03 15 4.4 1.06
APR 20-APR 22 ¢ 0.0 0.00 24 3.3 1.2% 28 3.3 1.29
APR 23-APR 23 o 0.0 0.00 32 3.3 1.47 32 3.3 1.47
AFR 26-APKR 28 0 0.0 0.00 2 4.5 2.12 2 4.5 2,12
APR 27-MHAY 1 0 0.0 0.00 23 4,7 1.30 23 4.7 1.39
HAY 2-MAY 4 o 0.0 0.00 12 4.4 1.s8 12 4.4 1.40
MAY S-MAY 7?7 2 4,0 0.00 25 4.5 1,24 27 4.4 1.28
HAY B-MAY 10 2 4,0 2.83 18 4.8 0.92 20 4.4 1,10
HAY L1-MAY 13 31 5.3 1.16 11 5.4 1.38 42 5.4 1,21
HAY 14-MAY 18 15 5.1 1.30 20 3.8 1.94 35 4.4 1.82
MAY 17-MAY 1% 4 3.0 0.82 27 3.4 1.42 31 3.6 1.48
MAY 20-MAY 22 26 2.7 1.%52 1 2.0 0.00 27 2.4 1.50
MAY 23-MAY 2% 26 3.3 1,24 14 2.8 1.11 42 3.2 1.22
HAY 28-MAY 28 2 3.5 0.71 12 3.4 $.12 13 3.4 1.04
HAY 29-MAY 31 1 1.0 ©€.00 . 21 2.7 1.74 22 2.6 1.7%
JUN 1-JUN 3 ? S.4 1.13 57 3.4 1.37 68 3.9 1,47
JUN  A-JUuN & I 4.0 1.00 81 3.8 1.38 84 3.8 1,37
JUN 7=JUN 9 12 S.1 1.31 50 3.5 1.34 42 3.8 1.47
JUN LO-JUN 12 8 4.0 1.20 73 4.1 1.39 81 4.1 1,37
JUN 13-JUN 1% 2 3.5 3.54 37 4.0 1.38 39 4.0 1.47
JUN 1&-JUN 1B 12 3.2 1.27 44 3,2 1.13 74 J.2 1.i4
JUN 19-JUN 2% 7 5.4 1.51 41 3.5 1.45 48 3.8 1.40
JUN 22-JUN 24 S 4.4 1.34 18 4.8 1.70 23 4.7 1,74
JUN 25~JUN 27 2 4.0 1.41 2?7 3.3 t.S& 29 3.3 1.34
JUN 28-JUN 30 4 4.8 0.%4 22 3.4 1.24 24 3.8 1.27
JUuL 1-JuL 3 7 4.6 1.13 74 3.8 1.40 83 3.9 1.3¢%
JUL A=Jul 4 3 3.7 1.23 35 3.1 1.41 38 3.1 1.59
JuL 7-JuL ® 14 3.9 1.312 71 %7 1.72 87 3.8 1.42
JUL 10-JuL 12 A 4.0 0,82 47 3.8 1.2% 71 3.8 1.23
JUL 13-Jul 15 13 4.B 1.48 40 3.9 1.18 53 4.1 1.37
JUL La-JuL 18 8 4.1 1,53 59 4.0 1.35 47 4.0 1,38
JUb 19-JUL 21 1 7.0 0.00 20 4.0 1.43 21 4.1 1.55
JUL 22=-JUL 24 11 4.5 1.81 58 2.8 1.34 &% 3.0 1.34
JuL 25-JuL 27 3 3.0 1.00 18 3,1 1.37 21 3.1 3.30
JuL 2e-JuL 30 4 4,5 0.84 41 3.4 1,27 47 3.5 1.27
JUL 31-AUG 2 10 5.1 1.32 38 4.7 1.40 48 4.0 1,42
AUG 3-AUG 3 4 4.8 0.50 44 3.4 1.73 48 3J3.3 1.79
AUG 4A-AUG B 2 5.3 0.71 -S8 3.0 1.48 60 3.1 1,31
AUQ  9-AUC 11 4 3.8 1.71 23 3.1 1.53 27 3.2 1,33
ALG 12-AUG 14 3 4.3 1.53 40 4.1 1.37 43 4.1 1.34
AUG 15-AUG 17 3 4.3 1.33 22 4,6 1.14 25 4.6 1,14
AUG 18-AUG 20 ? 43 L.73 48 3.4 1.66 57 3.5 1.4%
AUG 21-AUG 23 o 0.0 0.00 40 2.1 1.34 40 2.1 1,34
AUB 24-AUG 24 o 0.0 Q.00 40 3.2 1.47 . 40 3.2 1.4%
AUG 27-AUG 29 0 0.0 Q.00 53 3.9 1.77 %53 3.9 1.77
AUG 30-SEP 1} o 0.0 0.00 0 0.0 ©.00 0 0.0 0.00
SEP 2-9EF 4 2 &0 0,00 2y 2,5 1.39 235 2.8 1.80
SEP S5~SEP 7 0 0.0 ¢.00 10 2,7 2.00 10 2.7 2.00
SEP @-SEP 10 0 0.0 0.00 10 2.5 0.97 10 2.3 0.97
EEP 11-SEP 13 ¢ 0.0 0.00 12 3.2 1.34 12 3.2 1,34
SEF 14-5EP 14 o ¢.0 0,00 12 3.3 1.23 12 3.3 1.23
SEP 17-SEP 19 0 0.0 0.00 5 3.4 1,14 5 3.4 1.14
SEP 20-SEP 22 o 0.0 0.00 e 0.0 0,00 0 0.0 0.00
SEP 23-SEP 23 9 0.0 0.00 o 0.0 ¢.00 o 0.0 0.00
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Appendix Table B3.--Mean stomach fullness and standard deviation for juvenile

salmonids captured in purse and beach seines at Jones Beach
by 3-day intervals, 1981.

-Burse Seine _  _Beach Seine__  Purse i Beach
Seine
1981 n Mean SD n Mean SD n Hean SD

COHO SALMON

APR 29-MAY 1 1 4,0 0.00 2 a.,5 6.71 3 4.3 0.58
HAY 2-MAY 4 4 4,3 0.52 I 4.7 1.53 ? 4,4 0,98
HAY S-HMay 7 40 4.4 1.08 10 4.2 0,92 50 4.4 1.0%
HAY B-MAY 10 3 2.7 0.58 21 4.0 1.34 24 3.B 1,34
MAY 11-MAY 13 B 3.3 0.97 27 3.1 0.92 113 3.3 0.94
MAY 14-MAY 16 63 4.3 1.07 4 3,5 1.73 47 4.2 1,11
MAY 17-MAY 19 41 4,1 1,24 3 4.7 1.15 &4 4.2 1.24
MAY 20-MAY 22 100 3.4 0.94 1 2,0 0,00 101 3.4 0.9%
MAY 23-MAY 25 35 4.1 1.42 1 4.0 0.00 34 4.1 1.40
MAY 24-MAY 28 43 4,1 1.18 o 0.0 0.00 43 4.t 1.18
MAY 29-MAY 31 25 4.0 0.84 6 3.8 0.75 31 3.9 0.81
JUN 1-JUN 3 37 4.6 0.92 10 4.4 1.07 47 4.6 0.9%
JUN 4-JUuN & 14 3.4 1,02 1 4.0 0.00 15 3.7 1.16
JUN 7-JuN % 3 4.0 1.00 2 4.5 0.71 5 4.2 0.84
JUN 10-JUN 12 19 3.9 0.99 22 3.6 1.00 41 3.8 0.9¢9
JUN 13-JUN 15 2 5.0 0.00 1 4.0 0.00 3 4.7 0.58
JUN 14-JUN 18 0 0.0 0.00 't 2,0 0.00 1 2.0 0.00
JUN 19-UUN 21 1 5.0 0.00 9 0.0 0.00 1 5.0 0,00
JUN 22-JUN 24 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JUN 25-JUN 27 6 0.0 0.00 ¢ 0.0 0.00 0 0.0 0.00
JUN 28-JUN 30 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JUL  1-JuL 3 0 0.0 0.00 0 0.0 0.00 9 0.0 0,00
JuL a-guL & 0 0.0 0.00 0 0.0 0.00 o 0.0 0.00
JuL 7-guL 9 14 4.4 1.08 3 3.0 1.00 17 4.1 1.17
JuL 1o-JuL 12 12 3.8 0.7% 1 4.0 0.00 13 3.8 0.73
JUuL 13-JuUL 15 2 5.5 0,71 0 0.0 0.00 2 5.5 0.71
JuL 15-JUL 18 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
YEARLING CHINDOK SALMON
HAR 18-MAR 20 0 0.0 0.00 1 %.0 0.00 1 5.0 0.00
MAR 21-MAR 23 ¢ 0,0 0.00 0 0.0 0.00 o 0.0 0.00
MAR Z4-MAK 24 0 0.0 0,00 1 4.0 0.00 1 4.0 0.00
MAR 27~-MAR 29 0 0.0 0.00 1 1.0 0.00 1 1.0 0,00
MAR 30-APR 1 5 4,0 1,22 2 1.5 0.7t 7 3.3 1.40
AFR 2-APR 4 T 3.2 2.28 o 0.0 0.00 5 3.2 2.28
APR S-AFR 7 & 5,0 1.41 ¢ 0.0 0.00 6 5.0 1.4
APR B8-aFR 10 2 4,5 0.71 1 5.0 0.00 3 4.7 o0.58
APR 11-aPR 13 & 4.2 0.98 1 4.0 0.00 7 5.9 1.2
APR 14-8FR 14 31 4.5 1.3 1 3.0 0.00 32 4.4 1.34
APR 17-APR 19 11 4.0 1.00 0 0.0 0.00 11 4.0 1.00
APR 20-AFR 22 17 3.5 1.12 3. 4.0 1.73 20 3.4 1.19%
APR 23-AFR 2% 14 3,4 1,09 2 4,9 2.12 14 3.5 1.21
APR 26-AFR 28 0 0.0 0.00 0 0.0 0,00 0 0.0 0.00
APR 29-MAY 1 31 4.5 0.99 0 0.0 0.00 31 4.5 0.99
MAY 2-MAY 4 34 4.% 1.11 2 4,0 1.41 346 4.4 1.11
MAY  S-MAY 7 22 3.7 1.17 6 0.0 0,00 22 3.7 1.17
MAY 8-MAY 10 0 0.0 ©0.00 1 3.0 0.00 1 3.0 0.00
MAY 11-MAY 13 14 3.3 0.84 0 0.0 0.00 16 3.3 0.88
HAY 14-MAY 14 17 3.8 .25 0 0.0 0.00 17 3.8 1.25
MAY 17-MAY 19 9 2.3 0.71 0 0.0 0.00 ? 2.3 0.71
MAY 20-MAY 22 9 2.6 1.13 ¢ 0.0 0.00 ? 2.6 1.13
MAY 23-MAY 25 13 2.4 1.19 0 0.0 0,00 13 2.4 1.19
MAY 26-MnY 2B 24 2,8 1.29 0 0.0 0.00 24 2.8 1.29
MAY 29-MAY 3t 18 3.5 0.8% 0 0.0 0.00 18 3.5 0.84
JUN 1-JuN 3 4 4,0 1.1% 1 4,0 0.00 S 4.0 1.00
JUN  4-JuN 4 g 3.0 0,353 2 2.0 1.41 10 2.8 0.79
JUN 7-JUN 9 1 3.0 0.00 0 0.0 0.00 1 3.0 0.00
JUN 10-JUN 12 1 2.0 0.00 1 3.0 0.00 2 2.5 0.71
JUN 13-JUN 15 2 5.5 ¢.7 1 1.0 0,00 3 4.0 2,585
JUN 1&-JUN 18 2 4,5 2,12 0 0.0 0.00 2 4.5 2,12
JUN 19-Jun 21 ¢ 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JUN 22-UUN 24 2 3.5 2.12 0 0.0 0.00 2 3.5 2.12
JUN 25-JUuN 27 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JUN 2B-JUN 30 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JUuL  1-gu 32 o 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JUL  4-JUL & 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
UL 7-0UL 9 0 0.0 0,00 O 0.0 0.00 o 0.0 0.00
JuL 10-0UL 12 2 3.0 0.00 0 0.0 0.00 2 3.0 0.00
JUL 13-JUL 15 0 0.0 0.00 0 0.0 o 0.0 0.00

0.00
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Appendix Table B3.-—continued.

_Purse_Seins__  _Brech Ssine Pur'; ;nsinch
—Snine ____
1781 L] Hman ©D n Mean 8D n Mean SD
STEELHEAD
APR 29-MAY 1 2 5.0 0.00 0 0.0 0.00 2 5.0 0.00
HAY 2-HAY 4 B 3.1 1.14 0 0.0 0.00 8 3.3 1.8
MAY  S-mAY 7 s 3.4 0.5% 0 0.0 0.00 5 3.4 0.33
MAY B=-HAY 10 o 0.0 0.00 0 0.0 0.00 ¢ 0.0 0.00
HAY 11-NAY 13 131 2.7 1.04 0 0.0 0.00 111 2.7 1.0&6
MAY 14-MAY 14 14 2.4 1.20 0 0.0 0.00 14 2.4 1.28
MAY 17=-MAY 1% 27 2,9 1.04 o 0.0 Q.00 27 2.9 1.04
MAY 20-MAY 22 15 2.9 1.20 o 0.0 0.00 15 2.% 1.20
HAY 23-HAY 2% 14 2.7 1.02 9 0.0 0.00 14 2.7 1,07
MAY 24-HAY 28 10 3.0 0.74 o 0.0 0.00 10 3.0 0.9
MAY 29-nAY 31 52 3.9 1.18 1 5.0 0.00 =3 3.9 1.18
JUN 1-JuN 3 1 3.0 0.00 1 3.0 0.00 2 3.0 0.00
JUN  4=JUN & 14 3.6 1.43 ¢ 0.0 0.00 14 3.4 1.45
JUN 7-JUN 9 0 0.0 0.00 0 0.0 0.00 0 .0 0.00
JUN 10-JuH 12 0 0.0 0,00 0 0.0 0.00 0 0.0 0.00
JUN £3-JUN 15 2 5.0 2.83 o 0.0 0.00 2 5.0 2.83
JUN 14-JUN 18 1 6.0 90.00 o 0.0 0,00 1 4.0 ©.00
JUN 19-JUN 21 2 2.5 0.71 0 0.0 0.00 2 2.% 0.71
JUN 22-JUN 24 2 2.0 0.00 ¢ 0.0 0,00 2 2.0 0.00
JUN 25-JUN 27 1 3.0 0.00 0 0.0 0.00 1 3.0 0.00
JUN 28-JUN 30 ¢ 0.0 0.00 ¢ 0.0 0.00 ¢ 0.0 0.00
SUBYEARLING CHINQUK SALMON

MAR 1B-HAR 20 o 0.0 0.00 1 3.0 0.00 4 3.0 0.00
HAR 21-MAR 23 ¢ 0.0 0.00 0 0.0 0.00 0 0.0 0.00
MAR 24~MAR 28 g 0.0 ©.00 0 0.0 0.00 o 0.0 Q.00
HAR 27-HAR 29 o 0.0 0.00 0 0.0 0.00 ¢ 0.,¢ 0.00
MAR 30-APR 1 0 0.0 0.00 1 3.0 0.00 1 3.0 0,00
APR  2-APR 4 1 4,0 0.00 13 3.2 1.84 14 3.3 1.5%
AFR 35-APR 7 ¢ 0.0 0,00 4 0.0 0.00 o 0.0 0.00
AFPR 8-AFR 10 o 0.0 0.00 0 0.0 0.00 o 0.0 0.00
AFR 11-APR 13 0 0.0 0.00 2 4.0 1.4l 2 4.0 1.41
APR 14-AFR 14 1 4,0 0.00 o 0.0 0.00 1 4.0 ©0.00
AFR 17-APR 19 0 0.0 0.00 5 2.2 0.4% 5 2,2 0.45
APR 20-APR 22 6 4.7 1.37 5 4.2 1.79 11 4.5 1.5
APR 23-APR 23 1 3.0 0.00 10 4.3 1.16 11 4.2 1.17
APR 24-APR 28 9 0.0 0,00 14 3.3 1.01 14 3.3 1.01
APR 29-MAY 1 ¢ 3.9 1.27 125 3.5 0.96 134 3.4 0.98
HAY  2-RAY 4 4 4.2 0.75 a0 3.9 1.31 45 4.0 1.23
HAY S-HAY 7 7 4.1 t1.07 ? 3.9 1.3 14 4.0 1.2%
MAY B-HAY 10 0 0.0 0.00 81 3.1 1,10 81 3.1 1.10
HAY 11-MAY 13 20 3.1 1.02 gL 3.2 0.B4 101 3.2 0.88
HAY 14-MAY 14 19 A.4 1.43 36 3.2 1.59 5% 3.6 1.44
HAY 17-MAY 19 55 3.7 1.22 92 3.4 1.13 147 3.7 L.14
HAY 20-MAY 22 32 3.7 1.06 131 3.6 1.04 163 3.4 1.05
MAY 23-HAY 25 8 3.4 1.30 42 4.1 1.54 50 4.0 1.50
MAY 24-MAY 28 33 3.7 1.3 48 3.1 1.20 106 3.3 1.28
HAY 29-HAY 31 15 3.8 1.01 49 3,6 1.00 B4 3.6 1.04
JUN 1-JuN 3 23 4.7 1.10 72 3.7 0.98 95 4.0 1.10
JUN  A-JUN & 19 4,2 1.27 78 3.8 0.92 97 3.9 1.9}
JUN 7-JUuN 9 12 3.8 0.83 gz 3.9 1.12 74 3.9 1.09
JUN 10-JUN 12 27 3.8 31.08 108 3.4 0,94 135 3.5 0.99
JUN 13-JUN 15 15 4,3 1.10 38 3.4 1.10 53 3.6 1.16
JUN 14-JUN 18 14 4.4 1.28 38 3,5 0.95 52 3.8 1.12
JUN 19-JuN 21 12 3.8 0.%7 66 4.0 1.26 78 4.0 1.22
JUN 22-JUN 24 5 4,2 1,30 54 3.4 1.20 59 3,4 1.22
JUN 2T-JUN 27 s 2.4 0.89 27 4.0 1,30 32 3.8 '1.34
JUN 28-JuUuN 30 4 3.3 0.30 110 2.9 1.31 114 3.0 1.2%
JUuL 1-JuL 3 19 3.0 0.47 404 2.4 0,87 423 2.4 0.889
JUL  A-JUL & 5 2.8 1,30 129 2.5 0.93 134 2,5 0.94
JUL 7-JuL ¢ 14 3.4 (.22 202 2.9 1.11 214 2.9 1.13
JUL 10=-JuUL 12 4 4,5 1.73 53 3,3 1.0% 57 3.4 1.13
JUL 13-0UL 15 4 4,0 1.41 44 4.4 1,53 AB 4.4 1.531
JUL 1&-JuL 18 1 4.0 0.00 24 2.3 0.93 25 2.6 0.98
JUL 19-JUL 21 2 2.5 o.M 22 3.5 1.34 24 3.4 1.1
JUL 22=-JdUL 24 ¢ 0.0 0.90 48 2.8 1.38 48 2.8 1.38
JUL 28-JuL 27 ¢ 0.0 0.00 7 2.9 0.90 7 2.9 0.90
JUL 2B-JUL 30 3 4,7 1.13% 27 3.2 1.30 30 3.3 1.35
JUuL 3i-AUG 2 g 3.2 0,44 & 2.8 1.83 15 3.1 1.18
AUG 3-AU0 5 13 4.3 0.8% 27 3.4 1.13 40 3.9 1.19
AUG 4-AUG 8 4 4A.0 2.00 13 4.4 1.94 17 4,9 1.%8
AUG 9-AUG 11 27 4.2 1.50 5 3.8 1,48 32 4.2 1.48
AUG 12-AUG 14 10 3.3 0.85 9 3.2 0.97 19 3.4 0.90
AUG 15-AUG 17 o 0.0 0.00 3 2.7 1.53 3 2.7 1.33
AUG 1B-AUG 20 o 0.0 0.00 7 4.4 1,90 7 4.4 1,90
AUG Z1-AUB 71 o 0.0 0.00 1 3.0 0.00 1 3.0 0.00
AUG 24-AUC 24 & 0.0 0.00 4 2.3 0.9a 4 2,3 0.94
AUG 27-AUG 29 0 0.0 0.00 0 0.¢ 0.00 0 0.0 0.00
AUG 30-SEP 1 0 0.0 0.00 1 3.0 0,00 1 3.0 0.00
SEF 2-SEP 4 9 90i0 0.00 2 %.0 2.83 2 5.0 2.83
SEP  S-SEP 7 0 0.0 0.00 0 0.0 0,00 0 0.0 0.00
SEP 8-SEP 10 3 4,0 1.00 2 3.3 2.2 s 5.0 1.87
SEP 11-5EF 13 ¢ 0.0 ©0.00 o 0.0 0.00 o 0.0 0.00
SEF 14-SEP 14 9 0.0 0.00 o 0.0 G.900C ¢ 0.0 0.00
SEP 17-BEF 1% o 0,0 ©.00 o 0.0 0.00 o 0.0 0.00
SEP 20-SEP 22 0 0.0 0.00 0 0.0 0,00 ¢ 0.0 .00
SEP 23-SEF 2% ¢ 0.0 0.00 5 3.8 1.30 5 3.8 1.30
BEP 24-SEP 28 0o 0,0 0.00 o 0,0 0,00 o 0.9 9.00
8EP 29-0CT 1 o 0.0 0.00 0 0.0 0.00 0 0.0 0.00
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i d deviation for juvenile
Appendix Table B4.--Mean stomach fullness and standar
i salmonids captured in purse and beach seines at Jones Beach
by 3-day intervals, 1982.

~Purze_Seins__  _PBeach Sgins__  Purse 1 Beach
Saine
1982 n  Mean SD n HNean SD n  Mean SD

COHO SALMON

APR 29-MAY 1 1 7.0 0.00 O 0.0 0.00 1 7.0 0,00
HAY  2-HAY 4 1 2.0 0.00 0 0.0 0.00 1 7.0 0.00
HAY S-MaY 7 S 3.4 o.89 37 3.1 0.81 42 3.2 0.82
HAY 8-MAY 10 13 3.4 1.19 92 3.7 0.97 165 3.7 1.00
MAY 11-MAY 13 33 3.8 0.99 8% 3.7 0.78 120 3.7 0.84
MAY 14-MAY 14 77 3.7 0.94 33 4.1 1.23 110 3.8 1,04
MAY 20-MAY 22 40 3.9 1.0%9 17 4.2 1.19 77 4.0 1.1}
HAY 23-MAY 23 41 4.0 1.07 14 3.9 0.95 79 3.9 1.04
MAY 24-MAY 28 102 4,0 0.97 7 3.9 1.45 111 4.0 1.01
HAY 29-MAY 31 40 4.% 1.21 33 4.3 1,43 5 4.4 1,29
JUN  1-JuN 3 ie8 3.9 0.8 21 3.9 0.8B3 129 3.9 0.81
JUN  4-JuN & 3 3.9 0.87 2 5.0 0.00 $7 3.9 0.87
JUN  7-JUN 9 60 4.0 1,07 0 0.0 0.90 40 4.0 1,07
JUN 10-JUN 12 7% 3.7 1,00 1 5.0 9.00 80 3.8 1.00
JUN 13-JunN 1% 45 J.a4 0.77 3 4.3 1.53 48 3.4 0.85
JUN 14~JUN 18 34 3.8 o0.82 1 4.0 0.00 35 3.8 0.81
JUN 19-JUN 21 27 3.7 1.09 1 4.0 0.00 28 3.5 1.07
JUN 22-JUN 24 2 3.0 0.00 2 4.0 2.83 4 3.5 1.73
JUN 25-JuN 27 I 3.0 0.00 . ¢ 0.0 0.00 1 3.0 0.00
JUN 28-JUN 30 ¢ 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JuL t-ouL 3 ¢ 0.0 0.00 o 0.0 ¢.00 0 0.0 0.00
JUL A4-JuL 4 0 ¢.0 0,00 0 0.0 0.00 ¢ 0.0 0.00
JuL 7-JuL @ 1 4.0 0.00 ¢ 0.0 0.00 1 4.0 0.00
JUL 10-JuL 12 1 3.0 0,00 0 0.0 0.00 1 3.0 0.00
YEARLING CHINOOK SALMON

HAR 4-MAR B o 0.0 0.00 t 3.0 0.00 1 3.0 0.00
MAR 9?-MAR 11t 0 0.0 0.00 o 0.0 0.00 ¢ 0.0 0.00
MAR 12-MAR 14 9 0.0 0.00 1 3.0 0.00 1 3.9 0.00
HAR 15-¥MAR 17 Q 0.0 0.00 3 303 0-58 3 3-3 0158
MAR 18-MAR 20 ¢ 0.0 0.00 1 3.0 0.00 1 3.0 0.00
HAR 2i1-HAR 23 0 0.0 0.00 11 1.7 0.465 1t 1.7 0.45
MAR 24-MAR 25 0 0.0 0.00 4% 1.9 1.2 4% 1.9 1.24
MAR 27-MAR 29 g 3.0 1.38 13 1.7 0.7% 18 2.1 1.1&
AFR  2-AFR 4 9 0.0 4§.00 23 2.3 1.78 23 1.3 1.78
AFR  S-AFR 7 3 3.3 3.2 21 2.2 1.18 24 2.4 1.350
AFPR 11-AFR 13 0.0 0.00 235 2.4 1.19 23 2.4 1.19
APR 14-APR 14 1 4.0 0.00 10 3.8 2.10 11 3.8 1.9%
APR 17-APH 19 4 5-0 1.13 3 3.8 0.84 9 4-3 1.12
AFR 20-AFR 22 7 4,7 1.21 13 4.3 £.33 20 4.4 1,27
APR 23-APR 25 4 3.8 0.9 2 3.3 0.7 é 3.7 0.82
APR 26-AFR 28 14 3.8 1.12 - 8 3.8 1.83 2 3.8 1.38
APR 29-MAY 1 38 4.1 1.33 I 4.4 1.34 43 4.1t 1.33
HAY 2-MAY 4 19 3.8 1.42 3 3.0 1.00 22 3.7 '1.39
HAY S-MAY 7?2 19 3.4 0.49 2 3.0 0.00 21 3.3 0.48
MAY 8-MAY 10 12 3.8 0.42 S J.2 1.30 17 3.4 0.87
BAY 11-MAY 13 21 3.3 0.48 1 3.0 0.00 22 3.3 Q.48
Hﬁ'f 17-Hﬂ7 19 B 3.9 1.44 1 3-0 0.00 9 303 1-39
HAY 23-MmAT 2% 3 3.3 0.38 Q9 0.0 0.00 3 3.3 0.38
HAY 24-MAY 28 & 3.2 0.98 1 3.0 0.00 7 3.1 0.90
MAY 27=-MAY 31 3 3-7 0558 1 2-0 0-00 4 303 .94
JUN  1-Jun 3 7 3.1 0.38 2 2.3 ¢.71 ? 3.0 0.30
JUN  4-Jun & 7 3.0 0.00 I 1.7 1.1% 10 2.4 0.8B4
JUN 7-Jun ¢ 3 3.0 90.00 ¢ 0.0 0.00 I 3.0 0.00
JUN 10-JuN 12 3 3.0 0.00 ¢ 0.0 0.00 3 3.0 Q.00
JUN 13-JUN 15 10 2.% 0.32 0 ¢.0 0,00 10 2.9 0.32
JUN 14-JUuN 18 2 2.0 1.4 ¢ 0.0 0.00 2 2.0 1.4%
JUN 22-JUN 24 ¢ 0.0 0,00 0 0.0 ¢0.00 0 0.0 0.00
JUN 25-Jun 27 o 0.0 0.00 o 0.0 0.00 0 0.0 0.00
JUN 28-JUN 30 0 0.0 0,00 0 0.0 0.00 ¢ 0.0, 0.00
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Appendix Table B4.--continued.

_Purse_Seine__ EBeach_Seipe Purse & Beach
Seine
1982 n Mean SOD n Hean SD n Mean SD
STEELHEAD
APR 23-AFR 235 2 1.5 0.7%1 o 0.0 0.00 2 1.5 0.71
AFPR 26-APR 28 0 0.0 0.00 2 2.0 0.00 2 2.0 0.00
AFR 29-MAY 1 1 3.0 0.00 Q 0.0 0.00 1 3.0 0.00
MHAY 2-MAY 4 1 2.0 ¢©¢,.00 0 0.0 0.00 i 2.0 0,00
MAY S-MAY 7 7 3.7 0.95 1 3.0 0.00 8 3.4 0.92
MAY 8-~MAY 10 S5 2.6 0.55 0 0.0 0.00 $ 2.4 0.55
MAY 11-HAY 13 16 3.2 0.464 1 3.0 0.00 17 3.2 0.44
MAY 14-MAY 16 19 2.4 0.96 0 0.0 0.00 19 2.4 0.96
HAY 17-MAY 19 36 3.1 0.97 ¢ 0.0 0,00 I46 3.4 0.97
MAY 20-MAY 22 30 2.9 1.04 0 0.0 0,00 30 2.9 1.04
NAY 23-MAY 25 13 3.4 0.87 0 0.0 0.00 13 3.4 90.87
MAY Z&4-MAY 2B 20 3.2 0.81 o 0.0 0.00 20 3.2 0,81
MAY 29-MAY 31 26 3.3 0.468 0 0.0 0.00 26 3.3 0.48
JUN 1-JUN 3 18 2.9 0.94 o 0.0 0.00 18 2.9 0.946
JUN  4-JUN 6 30 3.1 1.04 1 1.0 0.00 31 3.¢ 1,11
JUN 7-JUN 9 12 2.6 0.67 0 0.0 0.00 12 2.6 0,67
JUN 10-JuUuN 12 14 2.9 0.42 o 0,0 0.00 14 2.9 0.62
JUN 13-JUN 15 1= 3.5 1.81 ¢ 0.0 0.00 15 3.t 1.8t
JUN 146-JUN 18 3 3.3 2.31 o ¢.0 0.00 3 3.3 2.31
JUN 19-JUN 21 3 3.7 2.52 o 0.0 0.00 3 3.7 2.02
JUN 22-JUN 24 0 0,0 0.00 ¢ 0.0 90.00 0 0.0 0,00
JUN BS“JUN 27 1 2-0 .00 0 Q.0 0100 1 2,0 0000
JUN 28-JUN 30 0 0.0 0.060 ¢ 0.0 0.00 ¢ 0.0 0.00
JuL 1-JuL 3 O 0.0 0.00 0 0.0 0.00 O 0.0 0.00
JUL 4-JuL & o 0.0 0.00 ¢ 0.0 0.00 0 0.0 0.00
JuL. 7-JuL ¢ o 0.0 0.00 0 0,0 0,00 0 0.0 0.00
JuL 10-JuL 12 0 0.0 0.00 0 0.0 0.00 o 0.0 0.00
JuL 13-JUL 15 i 3.0 0.00 0 0.0 0.00 1 3.0 0.00
JUL 1a-JUL 18 ¢ 0.C Q.00 0 0.0 0.00 o 0.9 0.00
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Appendix Table B4.-—continued.

Purss Seins__  _Peoch _Seine _ Pur-;!:nzonch
1982 n  Meen SO n  Mean 8D “n " Hean BB
SUBYEARLING CHINDOK SALMON

MAR 27-MAR 29 0 0.0 0.00 ¥ 3.4 1,42 ¢ 3.8 1.42
HAR 30-APR 1 0 0.0 0.00 12 3.7 1.72 12 3.7 t.72
APR  2-APR 4 0 0.0 0.00 10 3.4 1,07 16 3.4 1.07
APR  5-APR 7 0 0.0 0.00 1 3.0 0.00 1 3.0 0.00
APR  B-APR 10 ¢ 0.0 0.00 3 3.3 0.58 1 3.3 0.%8
APR 11-APR 13 0 0.0 0.00 5 4.0 1,22 % 4.0 1,22
APR L4-APR 14 0 0.0 0,00 5 4.2 1.10 5 4.2 1.10
APR 17-APR 19 0 0.0 0.00 19 3.4 1.2% 18 3.4 1.2%
APR 20-APR 22 1 7.0 0.00 28 4.0 1.23 87 4.1 1.28
APR 23-AFR 25 1 4,0 0.00 S0 3.9 1.56 51 3.9 1.34
AFR 24-AFR 2B 3 3,3 2.52 105 3.7 1,39 108 3.4 1.42
APR 29-MAY 1 3 4.3 0,58 112 3.4 1.11 115 3.7 1.11
MAY 2-MAY 4 3 4.3 0,50 %0 3.9 1.13 93 3.9 1.12
HAY S-HAY 7 4 A5 1,73 82 4.3 .22 86 4,3 1.23
HAY 8-MAT 10 0 0.0 0.00 50 4.3 .23 30 4.3 1,23
MAY 11-HAY 13 13 5.2 1.34 44 4.3 1.57 9 4.5 1.33
MAY 14-MAY 18 10 8.1 1.40 33 4.8 1.48 43 4.9 1.49
HAY 17-MAY 19 B 4.7 1.3s 32 4.7 1.41 40 4.7 1.38
MAY 20-MAY 22 2 45 0.71 13 S.4 1.50 13 3.3 1.44
MAY 23-HMAY 25 18 3.8 o0.88 43 4,0 1.22 81 4.0 1.13
MAY 24-MAY 28 7 3.4 0.98 18 4,7 1,23 2% 4.4 1.28
MAT 29-HAY 31 5 3.8 1.30 11 4.3 0,90 14 4.1 1.02
JUN  1-JUN 3 20 3.4 1.10 $9 3,4 1,09 119 3.4 1.0V
JUN  4-JUN & 33 3.% 1,05 124 3.4 1,00 157 3.5 1.03
JUK T-JUN ¥ 72 3.8 0.%a& 151 4.1 0,92 223 4,0 0,94
JUN 10-JUN 32 23 4.2 0.90 194 4.4 1.24 219 4.4 1,23
JUN 13-JUN 1S &9 3.7 1,12 1355 4.1 1.24 224 4,0 1,22
JUN 16-JUN 18 S0 4.3 114 112 4.0 1.27 142 4.1 1.23
JUN 19-JUN 21 51 4.2 1,45 44 4,0 1,21 115 4.0 1,32
JUN 22-JUN 24 29 4,2 1.08 27 4.3 1.27 54 4,3 1.17
JUN 25-JuNn 27 38 3.4 0.86 54 4.3 1,44 94 4.0 1.29
JUN 28-JUN 30 74 3.6 0.82 78 3. 1.08 172 3.7 0.98
JUL o 1-due 3 74 A0 0.99 S8 4.0 ©,98 132 4.0 0.98
JUL A-JuL & 9 4.4 1,01 36 4.1 1,17 45 4.2 1.14
JuL 7-auL 9 28 4,2 0,77 107 4.4 1,34 133 4.3 1.24
JUL $0-JuL 12 23 3.8 0.90 141 4.3 1.28 184 4.2 1.25
JUL 13-JUL 15 ¢ 3.2 1.09 F1 4.1 1.4 100 4.2 1,18
JUL 14-2UL 18 4 4,0 1,41 72 A4 1,49 76 4.5 1,52
JUL 19-JuL 21 5 4.8 0.45 83 4.3 1.33 88 4.4 1.50
JUL 22-guUL 24 2 4.0 0,00 24 4.1 1.74 26 4.1 1.47
JUL 25-guL 27 13 3.0 0.538 40 4.3 1,39 53 4.0 1.36
JuL 2B-JUL 30 4 4.0 0,82 47 3.9 L.41 1 3.9 1.37
JUL 31-AUG 2 3 3.7 2.08 8 3.8 1.04 11 3.7 1,27
AUG 3-AUG S 2 3.0 0.00 40 3.4 0.98 42 3.4 0,96
ALUD  4-AUD 8 4 5.3 1.,%0 15 4.3 L.41 19 4.6 1,42
AUG  9-AUG 11 ? 5.9 1,03 78 4.1 1,24 B? 4.0 1,22
AUG 12-AUG 14 2 5.5 2.2 37 4.0 1.20 39 4.1 1.24
AUG 1L5-AUG 17 2 3,5 0.7 2% 3.1 0.91 27 3.1 0.9%
AUG 18-mUD 20 2 3.0 0.00 32 4.5 1.4 34 4.4 148
AUG 21-AUG 23 o 0.0 0.00 3 5.3 0.58 3 5.3 0.58
AUG 24-AUG 24 3 4.3 0.58 10 5.7 1.49 13 5.8 1.34
AUG 27-AUO 29 0 0.0 0.00 2 5.3 2.12 2 5.3 2.12
AUG 30-SEP 1 1 7.0 0.00 3 2.7 o.s8 4 3,8 2.22
SEP 2-SEP 4 0 0.0 0.00 2 5.0 0,00 2 %.0 0,00
SEP S-8EP 7 0 0.0 0.00 4 4.3 1.73 4 4.% 1,73
SEP  B-SEP 10 1 3.0 ©.00 12 4.1 1.88 13 4.0 1.83
SEF 11-SEP 13 1 5.0 ¢.00 2 4.0 0.00 3 4,3 0.58
BEP 14-SEP 14 0 0.0 0,00 S 4.8 0.89 5 4.4 .0.89
SEP 17-SEP 19 0 0.0 0.00 0 0.0 6.00 0 0.0 0.00
SEP 20-SEP 22 0 0.0 0.00 1 2.0 0.00 1 2.0 ¢.00
SEP 23-SEP 23 0 0.0 0.00 1 3.0 0.00 1 3.0 0.00
SEP 26-5EP 28 o 0.0 0.00 Q@ 0.0 0.00 ¢ 0.0 0.00
SEP 29-0CT 1 o 0.¢ 0.00 0 0.0 0,00 9 0.0 0.00
OCT  2-0CT 4 o 0.0 0.00 0 0.0 0.00 0 0.0 0.00
0CT %-0CT 7 0 0.0 0,00 o 0.0 0.00 0 0.0 0.00
OCT 8-0CT 10 o 0.0 0.00 o 0.0 0.00 0 0.0 0,00
OCT 11-0CT 13 0 9.0 0,00 0 0.0 0.00 o 0.¢ 0.00
OCY 14-0CT 14 0 0.0 0.00 0 0.0 0,00 0 0.0 0.00
OCT 17-0CT 19 0 0.0 0.00 ¢ 0.0 0.00 o 0.0 0,00
ocT 20-0CT 22 0 9.0 0,00 & 0.0 0.00 0 0.0 0.00
0CT 23-0CT 2% o 0.0 0.00 @ 0,0 0,00 o 0.0 0.00
DCT 24-0CT 28 ¢ 0.0 0.00 9 0.0 0.00 0 0.0 0.00
0CT 29-0GT 31 0 0.0 0.00 0 0.0 0.00 ¢ 0.0 0.00
NOV 1-NOV 3 2 4.0 4.24 1 5.7 0.58 5 5.0 2.315
NOV  4-NOV & 24 3.1 1,08 137 3.0 1,14 163 3.0 1,13
NOV  7-NOY @ 1 3.0 0.00 82 2.4 0.91 43 2.4 0,91
NOV 10-HOV 12 2 3.0 0.00 46 3.1 1,09 48 3.1 1,07
NOV 13-NOV 1% 4 4,3 0.9 48 3.2 1.27 52 3.3 1,27
NOV 14-HOV 18 0 0.0 0,00 28 3.7 1.6t 28 3.7 1,61
NGOV 19-NOV 21 o 0.0 0.00 21 3.4 3,25 21 3.4 1,25
NOV 22-NOV 24 2 3.0 1.41 10 3.2 1,48 12 3.2 1.40
NOW 25-NOY 27 3 33 1.as 6 4.2 1.80 ? 3.9 1.45
HOV 28-NOV 30 1 3.0 0.00 8 2.9 .81 ¥ 2.9 1.49
DEC 1-DEC 3 1 2,0 0.00 11 3.5 6.93 12 3.4 1,00
DEC A-0EC & ¢ 0.0 0.00 1 2.3 0.%%9 3 2.3 o.58
DEC  ?-DEC ¥ 0 0.0 0.00 B 3.1 0.9% B 3.1 0.99
DEC 10-DEC 12 1 1.6 ©.00 3 4.1 2.3t 4 3 2.2
DEC 13-DEC 15 ° 0.0 0.00 2 2.3 2.2 2 2.5 2,12
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Appendix Table B5.--Mean stomach tutlness and standard deviation ror juvenile
salmonids captured in purse and beach seines at Jones Beach

by 3-day intervals, 1983,

-Purss_Ssios__  _Dmach Ssins_. Purse & Beach

1783 n Mean 8D n Mean S0 ’:"sgifg [1]
COHO BALHON
APR 23-AFPR 23 ¢ 0.0 0,00 1 4.0 0.00 1 4.0 0.00
APR 24-APR 28 1 5.0 0.00 1 3,0 0.00 2 4,0 1.ax
AFR 29-MAY 1 4 4.3 1,50 3 4,7 2,08 7 4.4 1.42
HAY  2-mAY 4 2 5.0 1,41 2 3.0 0.00 4 4.0 1.41
HAY 3-HAaY 7 31 3.3 1.27 33 3.4 1.17 44 3.5 1,22
HAY B-MAY 10 34 3.8 1,28 24 4.0 1.29 58 3.9 1.24
HAY L11-MAY 13 30 4.4 1.22 20 4.8 1,32 720 4,5 1.24
MAY 14-MAY 14 100 3.7 1.12 12 3.7 1.44 112 3.7 1.15
MAY 17-MAY 19 11? 3.8 1,04 37 3.4 1.12 i7é 3.7 1.08
HAY 20-MAY 22 05 3.4 1,12 17 36 1.7 102 3.4 1.12
MAY 23-MAY 25 79 4.3 1.27 2 1.5 0.7 @t 4.2 1,32
HAY 28~HAY 28 ?1 4.3 1.99 2 3.5 0.y ?3 4.3 1.00
MAY 29-MAY 31 114 3.9 1.02 11 4,0 1,4 127 3.9 1.04
JUN  1-JUN 3 176 3.5 .03 22 3.8 0,44 3.4 0,79

198
JUN  4=-JUuN & 40 3.3 0.93 B 3.3 0.46 48 3.3 o0.8%
JUN  7-JuN @ 2% 3.1 Q.79 4 2.5 o0.58 27 3.0 0,78
JUN 10-JUN £2 54 3.4 0.9 1 5,0 0,00 53 3.6 0.99
JUN 13-JUN 1S 231 3.7 1,02 20 3.8 1.41 251 3.7 t.08
JUN 14-JUN 18 1.3 0.8 17 3.8 1.24 83 3.% o0.93
18 3.7 0.97
30 4.0 1.31
7 4,1 1.48
8 4.0 1.07
o 0.0 0,00
4 4.2 .72
° 0.0 0.00

(1]

JUN 19-Jun 21 135 3.5 0.82 3 4.3

JUN 22-JUN 24 14 3.7 1,30 14 4.4 .28
JUN 25-JUN 27 -] 5.0

JUN 28-JUN 30 ]

JUL 1-ame 3 °

JUL 4-guL & L]

HIL F-am w ]

3.8 0O.84 2
4.0 1.07 0
0.0 0.00 0 0.0 o0.00
4.2 1.72 o
0.0 0.00 L]

TEARLING CHINOOK SALMON

JAN 28-0AN 28 ¢ 0.0 0.00 4 3.0 0.00 6 3.0 0.00
JAN 29-JAN 31 ¢ 0.0 0.00 ¢ 0.0 0.00 o 0.0 0.00
FEB 1-FEP 3 0 0.0 0.00 0 0.0 0.00 ¢ 0.0 0.00
FEE 4-FEB & 0 0.0 0.00 9 0.0 0.00 ¢ 0.0 0.00
FER 7-FER ¥ e 0.0 0.00 1 3.0 0.00 1 1.0 0.00
FER 10-FEp 12 0 0.0 0.00 ¢ 0.0 0.00 o 0.0 ©0.00
FEb L3-FED 15 ¢ 0.0 0,00 2 2.3 o.71 2 2.3 o.7n1
FEP 14-FEP 18 e 0.0 0.00 3 4.3 1.33 3 43 1.53
FEP 19-FEB 21 e 0.0 0.90 o 0.0 o0.00 o 0.0 0.00
FEP 22-FEB 24 0 0.0 0.00 2 6.0 1,41 2 4.0 1.4
FEBR 23-FER 27 @ 0.0 0,00 3 3.4 1.34 5 3.4 1.34
FED 28-MAR 2 0 0.0 o0.00 3 4,0 1.73 3 4,0 1.73
MAR 3-MAR 5 o 0.0 0.00 2 3.0 o0.00 2 3.0 0.00
HAR  &-MAR & 0 0.0 0.00 3 4.7 1.53 3 A7 1.33
MAR  9-MAR 11 1 1.0 0.00 B 3.4 1,41 7 3.1 1.34
HAR 12-HAR 14 ¢ 0.0 0.00 11 1.0 .17 11 1.8 1.17
MAR 15-MAR 17 0 0.0 0.00 18 1.3 0.77 18 1.3 0.77
MAR 18-MAR 20 2 1.0 0.00 3 2.4 2.4 7 2.1 2.27
MAR 21-MAR 23 1 3.0 0.00 12 2.4 1.5 13 2.4 1.84
HAR 24-MAR 24 0 0.0 0,00 3 2.7 0.58 3 2.7 0.u8
MAR 27-HAR 29 1 4.0 0.00 3 2.4 1.14 6 2.8 1,17
MAR JO-APR 1 1 7.0 0,00 8 3.0 1.85 ? 3.4 249
APR  2-APR 4 1 4.0 0.00 2 2.0 1.4 3 2.7 .33
APR  S<APR 7 ? 3.7 1.9 24 2.3 1.54 33 2.7 1,78
APR  8-APR 10 o 0.0 0.00 13 1.7 t.03 13 1.7 1.03
AFR 11-APR 13 1 4,0 0.00 4 3.0 1.28 7 3.1 1.21
APR 14-APR L4 4 2.8 0.9 2 1.0 0.00 4 2,2 1.17
APR 17-APR 19 6 4,3 1.03 3 3.9 2.39 11 4.2 1,83
APR 20-APR 22 14 3.4 0.42 2 2.3 0.71 18 3.3 ¢.721
APR 23-APR 23 ¥ 3.3 o1 ¢ 0.0 0.00 ? 3.3 o071
APR 26-APR 28 11 3.3 1.01 1 5.0 0¢.00 12 3.4 1.08
AFR 29-MAY |} 12 3.1 0.90 1 3.0 0&,00 13 3.t 0.86
HAY 2-MAY 4 10 3.3 0.71 2 3.3 0,71 12 3.5 0.47
HAY S-NAY 7 10 2.7 1.06 0 0.0 0,00 10 - 2.7 1.04
MAY  9-MAT 10 7 2.7 1,35 0 0.0 0.00 ? 2.7 1.2
MAY 11-MAY 13X 20 3.3 1.43 0 0.0 0.00 20 3.5 1.43
HAY L4-MAY 14 22 3.1 1.0& t %.0 0.00 23 3.2 1.1
HAY 17-MAY 19 33 2.5 1.25 ¢ 0.0 0.00 33 2.5 1.29
NAY 20-MAY 22 20 2.8 0.85 1 2.0 0.00 21 2.7 0.8
HAY 23-MAY 2% 31 2.v 1.10 1 2.0 0.00 32 2.9 1.17
MAY 24-MAY 28 4 2.3 o.84 0 9.0 Q.00 4 2.5 0.84
HAY 29-MAY 31 21 2.7 o.m1 0 0.0 0.00 21 2.7 0.71
SJUN O L-JUN 3 ? 3.1 o0.78 ¢ 0.0 0.00 ? 3.1 0,78
JUN  4-JuN & 8 2.1 1.13 0 0.0 0.00 2 2.1 1.13
JUN 7-4uN ¢ 3 3.0 0.00 ¢ 0.0 0.00 3 3.0 0.00
JUN 10-JUN 12 1 3.0 0,00 o 0.0 0.00 1 3.0 0.00
JUN 13-JUN 13 2 3.3 a.71 0 0.0 0.00 2 3.3 o071
JUN 14-JUN 1B 2 3.0 0.00 0 0.0 0.00 2 3.0 0.00
JUN 19-JuN 21 ¢ &.0 0,00 ¢ 6.0 0.00 ¢ 0.0 0.00
JUM 22-JUN 24 o 0.0 0.00 ¢ 0.9 0.00 9 0.0 0.00
JUN 25-JuN 27 0 0.0 0.00 ¢ 0.0 0.00 ¢ 0.0 0.00
JUN 28-0UN 30 @ 0.0 0O.00 ¢ 0.0 0,00 o 0.0 o0.00
JUL L1-Ju. 3 9 0.0 0.00 0 0.0 0.00 o 0.0 9.00
JUL  4-jut & 2 2.5 o7 0 0.0 90.00 2 2.5 0.7}
SJUl 2-gul e 9 0.0 0.00 © 0.0 0.00 ¢ 0.0 0.00
JUL 10-0uL 12 0 0.0 0.00 ¢ 0.0 0.00 ¢ 0.0 0.00
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Appendix Table B5.--continued.

_Purse_Seine__ _Beach_Seine _  Purse 3 Beach
Seine
1983 n Mean SD n Mean SD n Mean SD
STEELHEAD
APR 29-MAY 1§ 1 4,0 0,00 1 3.0 0.00 2 3.5 0.7t
HMAY 2-MAY 4 2 2.0 1.41 0 0.0 0.00 2 2.0 1.41
HAY S-MAY 7 2 1.5 0.71 t 7.0 0,00 3 3.3 3.21
HAY B-MAY 10 & 2.7 0.52 0O 0.0 0.00 & 2.7 0,32
MAY 11-HAY 13 22 2.6 0.95 0 0.0 0.00 22 2.4 0.95
MAY 14-MAY 14 30 2.8 1.8t 0 0.0 0.00 30 2.8 1.81
MAY 17-MAY 19 43 2.5 1.30 0 0.0 0.00 43 2,5 1.30
MAY 20-MAY 22 12 2,7 0.98 ¢ 0.0 0.00 12 2.7 0,98
MAY 23-MAY 25 30 3.0 1.43 2 2.¢ 0.00 32 2.9 1.40
MAY 26-MAY 28 29 3.4 1.53 0 0.0 0,00 29 3.4 1,53
MAY 29-MAY 31 3 2.4 0.94 0 0.0 0.00 93 2.4 0.94
JUN 1-JUN 3 7% 2.5 1.14 0 0.0 0.00 79 2.5 1.14
JUN 4-JUN & 20 2.5 1.05 0 0,0 0.00 20 2.5 1.05
JUN  7-JUN ¥ 63 2.0 1.01 0 0.0 0.00 63 2.0 1,01
JUN 10-4uUN 12 24 2,7 0.82 0 0.0 0,00 24 2,7 0.82
JUN 13-JUN 15 45 2.5 1.20 o 0.0 0,00 45 2.% 1.20
JUN 16-JUN 18 14 2.4 0,89 0 0.0 0.00 14 2.4 0.89
JUN 19-JUN 21 11 2,2 0.75 0 0.0 0,00 11 2,2 0.7%
JUN 22-JUN 24 3 2.3 0.58 0 0.0 0.00 3 2.3 0.358
JUN 25-JuN 27 1 1.0 0.00 0 0.0 0,00 1 1.0 0.00
JUN 28-JUN 30 3 4,0 0.00 0 0.0 0.00 3 4.0 0.00
JuL 1-JuL 3 1 2,0 0.00 0 0.0 0.00 1 2.0 0.00
JUL 4-JUL & 0 0.0 0.00 0 0.0 0,00 0 0.0 0,00
JuL 7-0uL 9 1 2,0 0.00 0 0.0 0.00 1 2.0 0.00
JUL 10-JuUL 12 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
JuL 13-JuUL 1% 0 0.0 0,00 0 0.0 0.00 0 0.0 0.00
JUL 1a-JUL 18 1 2.0 0.00 0 0.0 0.00 1 2.0 0,00
JUL 19-JuUL 21 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
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Appendix

Table B5.-—continued.

_Purss_Ssios._

Begch_Seinw._

Purse 3 Beach
———BEine__ .

1983 n Nean &D n Hean SD n Hean SD
SUBYEARLING CHINQOK SALHONM

HAR 24-MAR 24 0 0.0 0.00 1 7.0 0.00 ‘1 7.0 0,00
HAR 27-HAR 29 0 0.0 0.00 0 0.0 0.00 0 ©.0 90.00
MAR 30-AFR 1 o 9.0 0.00 0 0.0 0.00 0 0.0 0.00
APR  2-AFR 4 0 0.0 0.00 o 0.0 0.00 o 0.0 0.00
APR  5-APR 7 0 0.0 0,00 o 0.0 0.00 0 0.0 0.00
APR B-APR 10 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
APR 11-AFR 13 o 0.0 Q.00 0 0.0 0.00 0 0.0 0.00
APR 14-AFR 14 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
APR 17-AFR 19 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
AFR 20-AFR 22 o 0.0 0.00 0 0.0 0.00 0 &.0 0.00
APR 23-AFR 23 0 0.0 0.00 o 0.0 0.00 o 0.0 0.00
AFPR 246-APR 28 o 0,0 0.00 ¢ 0.0 0.90 0 0.0 0.00
APR 29-HAY 1 o 0.0 0.00 1 3.0 0.00 1 3.0 0.00
HAY 2~HAY 4 24 3.8 «74 106 4.3 §.11 130 4.2 1.09
MAY S-MAY 7 14 3.3 1.02 74 3.9 .15 es 3.8 13
MAY B-HAY 10 12 3.8 1.11 81 3.7 1.04 3 3.7 1.04
MAY L1-MAY 13 ? 5.7 t.12 34 5.0 1.353 43 3.2 1.48
NAY 1a-HAY 1é& 8 5.9 0.%79 22 %.0 0.98 30 5.2 1.04
BAY 17-HAY 19 1 4.0 0.909 A4 4.3 1,02 37 4.8 1.481
MAY 20-HAY 22 2 4,0 4.24 26 3.7 140 - 28 3.7 1.74
HAY 23-HAY 23 9 0.0 9.00 & 4.0 248 4 4.0 1.24
MAY 24-MAY 28 o 0.0 0.00 4 4,5 1.29 4 4.5 1.29
MAY 29-nBAY 31 14 3,9 1.14 1 3.0 +00 13 3.9 1.13
JUN 1-JUN 3 8 4.3 0.89 1 4,0 0.00 9 4.2 0.83
JUN 4-JUN & 4 4,3 P26 1 5.0 0.00 5 4.4 1.14
JUN 7-JUN 9 15 3.1 0.64 2 4.5 3.54 17 3.3 1.14
JUN 10-JUN 12 33 3.7 0.83 1 5.0 0.00 34 3.7 0.8Bé
JUN 13-JUN 15 59 3.6 0.85 3 2.7 0.8 42 3.6 0.84
JUN 16-JUN 18 29 3.9 1.41 17 4,0 1.44 46 4.0 1.41
JUN 19-JUN 21 ? 3.8 1.30 -9 4,2 1.48 18 4,0 1.37
JUN 22-JUN 24 5 4,2 1.79 14 3.8 1.52 21 3.9 1.55
JUN 25-JUN 27 12 4.1 1.88 &% 3.5 1.13 81 3.& 1.27
JUN 28-JUN 30 23 4.1 1,35 85 4.1 1.18 108 4.1 1.21
JuL 1-Jui 3 11 3.9 0.54 4 4,3 1.4 6% 4,2 1.35
JUL 4=-JUuL & . 44 4.0 1,30 8L 3.9 1.21 12% 3.9 1.24
JuL 7-0UL 9 5% 4.2 1.30 55 3.8 1.33 110 4.0 1.33
JUL 10-Jul 12 13 4.4 1.89 4% 4.6 1.49 82 4.4 1.5%
JUL 13-JUL 15 14 4.7 1.64 87 3.4 1.%0 101 3.6 1.50
JUL 14-JUL 18 22 3.3 1.23 45 3.9 1.47 &7 3J.7 1.42
JUL 1%-JuL 21 &0 3.3 0.97 3% 4.3 1.7 3 3.7 1.37
JUL 22-JUL 24 15 4,2 1.37 S 5.6 1.34 20 4.6 1.47
JUL 289-JUL 27 S S.4 1.52 30 4.4 1.81 35 4.7 1.78
JuL 28-JuL 30 4 4.% 1.73 12 3.8 1.03 14 4.0 1.21
JUuL 31-AUG 2 2 4.0 0.00 3 5.0 2483 T S.4 1.95
AUG JI-AUG 5 1 3.0 0.00 24 4,3 1,99 25 4.3 1.97
AUG 4-AUG 8 4 5.5 1.73 4 5,5 1.29 8 5.5 1.41
AUG  9-AUG 11 2 5.0 1.4 27 4.1 1.71 29 4.4 1,40
AUG 12-AUG 14 4 5.5 1.73 13 4.6 Q.45 17 6.4 1.06
AUG L5-AUG 17 9 4,7 1.32 22 4.1 1.40 31 4,3 1.33
AUG 1B8-AUG 20 0 0.0 0.9 B 4,0 1.40 8 4.0 1.460
AUG 21-AUG 2 1 3.0 0.00 7 2.7 0.76 8 2.8 0,71
AUG 24-AUG 24 9 0.0 0.00 8 4.0 1.07 B 4,0 1.07
AUG 27-AUG 29 0 0.0 0.00 1 3,0 0.00 i 3.0 0,00
AUG 30-SEP 1 o 0.0 0.00 4 S.B8 1.460 & 3T.8 1.480
SEP 2-SEFP 4 ¢ 0.0 ¢.00 1 3.0 0.00 1 3.0 0.00
SEP 5-SEP 7 11 4.9 0.70 4B 5.1 1.34 g S.1 1.24
SEF B-SEP 10 S 5.4 1.47 34 4.3 1.34 41 4,4 1.41
SEP 11-SEF 13 1 7.0 Q.00 ? 3.2 1.72 10 S.4: 1.71
SEP 14-SEP 14 ¢ 0.0 0.00 29 5.0 1.72 29 5.0 1.72
SEF 17-5EP 19 0o 0,0 0.00 4 4,9 1.135 4 4,0 1.15
SEP J0-SEP 22 o 0.0 0.00 o 0.0 0,00 ¢ 0.9 0.00
SEP 23-SEP 2% 0 0.0 0.00 2 3.5 0.71 2 3.5 0.71
SEP 24-SEP 28 0 0.0 0.00 o 0.0 0.00 o 0.0 0.00
SEP 29-0CT 1 ¢ 0.0 0.00 o 0.0  0.00 o 0.0 0.00
0CT 2-0CT -4 o 0.0 0.00 Q 6.0 0.00 ¢ 0,0 0.00
ocT S-0CT 7 0 0.0 0,00 0 0.0 0.00 0 0.0 0.00
OCT 8-0CT 10 o 0.0 0.00 0 0.0 0.00 ¢ 0.0 0.00
DCT 11-0CT 13 0 0.0 0.00 ¢ 0.0 0.00 o 0.0 0.00
DCT 14-0CT 14 0 0.0 0.00 1 2.0 0.00 1 2.0 ¢.00
OCT 17-0CT 17 27 5.1 0.76 10 4.1 2.02 37 4,8 1.37
OCT 20-0CT 22 o 0.0 0.00 B8 4.1 0.4 8 4.1 0,44
DCT 23~0CT 23 3 4.3 0.38 12 3.7 2.19 15 3.8 1.97
0CT 24-0CT 28 0 0.0 .00 2 5.5 W12 2 5.3 2.12
OCT 29-0CT 31 o 0.0 0.00 1 2,0 0.00 1 2.0 Q.00
NOv 1-NOV 3 2 3.3 2.12 3 3.3 2.%2 S 3.4 2.07
NOV  4-NODV & 7 3.0 1.1% 14 3.1 1.49 21 3.0 1.50
NOY 7-NOV 9 0 0.0 ¢.00 %7 3.2 1.19 57 3.2 1.1%9
NOV 10-NOV 12 o 0.0 0,00 17 3.1 0.979 17 3.1 0.79
NOY 13-NOVY 13 0 0.0 0.00 ? 2.1 0,33 ? 2,¢ 0,33
NOV 14-NOV 18 ¢ 0.0 0.00 3 2.3 0.58 3 2.3 0.378
NOV 19~-NOV 21 4 2.3 0.30 1 4.0 0,00 5 2.6 0.89
NOV 22~NOV 24 0o 8.0 0.00 2 4.5 2.13 2 4,5 2.12
NOV 25-NOV 27 0 0.0 0.00 Q0 0.0 0.00 ¢ 0.0 0,00



Appendix Table B6.--Status of juvenile salmonid stomachs collected at Jones Beach
(RKm 75), 1979-1983.

Year: _1%79 _ _1280__ _1981 1782 _ _1%83__ _1%7%__ _1%8Q__ _19B1__ _1%82__ _1%83__
'Y

a7/
Dates P c P c P c P [ {ad c P (o P c P [ 4 c P c
Subyearling chinook salmon Yearling chinook salmon
01 Jan ~ 13 Jan o 0 o 0 o 0 0 0 o 0 o 90 ¢ 0 ¢ 0 o 0 o o
14 Jan =~ 27 Jan 0 0 o 0 o 0 0 [+] o 0 o 0 ¢ 0 o 0 o 90 4 0
28 Jan - 10 Feb o o ¢ 0 ¢ o o 0 0 0 0 0 o 0 o 0 o ¢ 1 0
11 Feb - 24 Feb 0 ¢ 0 ¢ [ I ¢ 0 o ¢ o o o o o 0 o o & 0
25 Feb - 10 Mar Q 0 o 0 ¢ O Q 1] 0 0 Q Q o Q a 0 1 ¢ 1?9 0
11 Aar - 24 Mar 0 o w0 o T 0 0 0 o 0 B 0 30 0 1 0 43 O 20 0
25 Mar ~ 07 Apr 22 17 16 ¢ 4 5 32 13 1 0 29 22 129 19 14 © 85 0 34 O
08 Apr ~ 21 Apr 22 15 48 10 11 7 82 246 o 0 32 27 174 50 44 0 43 0O 31 0
22 Apr - 0% May 25 19 B4 25 103 3B 414g/20 27 O 26 22 114 a4 594/0 112¢d/0 43 O
04 May - 19 May 13 11 153 37 1482 18 247¢/20 S0 0O 10 10 119 47 19470 44d/0 12 ¢
20 MHay -~ 02 Jun 15 13 148 18 185 2 140¢c/720 146 O 10 10 4 0 12d/0 25d/0 33 ©
Q03 Jun -~ 14 Jun 8 11 309 1% 187 20 882c/20 44 0 11 2 7 0 44/0 28470 3 0O
17 Jun - 30 Jun 146 15 147 1B 104 21 358c/20 95 © 4 3 5 0 2d/0 3d/0 0 0
01 Jul - 14 Jul & ¢ 315 25 24 0 302 0 61 0 1 0 o 0 o 0 0 0 1 0
15 Jul - 28 Jul 3 0 2Ué 18 0 0 147 0 50 0 o 0 ¢ 0 ¢ 0 0 o 0 0
29 Jul - 11 Aug S 0 229 1% 14 ¢ 82 o0 43 O LU o ¢ ¢ © ¢ 90 o 0
12 Aug - 25 Aug 8 0 204 14 1 0 4 O 435 0 o 0 0 0 0 0 o 0 ¢ 0
254 Aug - 08 Sep o 0 78 2 ¢ 0 is o 28 0 0 9Q o 0 ¢ o o 0 9 0
0% Sep - 22 Sep o © 29 ¢ 3 0 13 ¢ 13 ¢ o o0 o 0 0 ¢ o 0 ¢ 0
23 Sep - 046 Oct 0 0 o 0 o 0 1 [+ ] 2 0 e o0 ¢ 0O 0o 0 o 0 o 0
07 Oct - 20 Oct o 90 o 0 0 o 0 o 17 © 0 o 0 ¢ o 0 o o o ¢
21 Oct - 03 Nov 0 0 0 0 ¢ 0 4 0 17 o L o o o o [ o o
Q4 Nov - 17 Noav o ¢ 0 0 0 0 103 o 24 0 0 0 ¢ < ¢ 9 e ¢ o 0
18 Nov - 0t Dec ¢ ¢ 0 0 0 0 30 0 2 ¢ o ¢ o 0 o 0. o o 0 o
02 Dec - 15 Dec 0 o o 0 o 0 7 0 o 0 o ¢ o 9 0 © o ¢ o ¢
15 Dec - 3! Dec 0 o o ¢ o 0 0 o o0 0 o 0 o 90 o ¢ o 0 o 0
Totals: 101 2056 129 139 +] 103 140 0 0 0
Totals: 143 2108 805 2928 533 131 577 157 424 212
Coho salmon Steelhead
01 Jan - 13 Jan Qo @ 9 0 0 0 Q 0 0 0 L+ ] 9 9 9 0 LU o 0
14 Jan - 27 Jan 0 O 60 0O 0o 0 0 0 o 0 o 9 o 0 o 0 0o 0 o 0
28 Jan - 10 Feb 0 0 0o 0 o 0 0 0 o 0 0 o o 0 ¢ 0 o 0 Q9 ¢
11 Feb - 24 Feb o 0 0 0 o o 0 0 o 0 o 0 o 0 0 0 ¢ 0 0 90
25 Feb -~ 10 Mar o 0 [ o 0 0 o o 0 [ ¢ 0 LI o 0 o 0
11 Mar - 24 Mar o o0 o 0 o 0 ¢ 9 I ] o o0 0 o o 0 o 0 o 0
25 Mar - 07 Apr o 0 0 0 Qe 0 0 L] o 0 ¢ o [+ I ] o 0 0 o o 0
08 Apr - 21 Apr o o o 0 o 0 0 0 o 0 o0 0 1 0 0 0 Q9 0 0 0
22 Apr - 05 May 3 0 3 0 0 O 13c/ 0 21 ¢ 12 & 141 3% g o 10¢/0 3 0
06 May -~ 19 May 13 10 260 92 155 0 443c/ 0 S35 0O 10 10 136 36 37 0 7270 26 O
20 May - 02 Jun 12 10 107 14 118 O 424c/ 0 &4 O 13 11° 24 7 24 0 95c/0 44 O
03 Jun - 14 Jun 18 17 124 20 AL Q 329/ 0 8T ¢ 12 10 7 0 8 ¢ 62¢/0 0
17 Jun - 30 Jun 10 190 8 3 1 0 40c/ O 27 0 1 1 3 0 c 0 3¢/0 4 0
01 Jul - 14 Jul g8 © gs ¢ 2 0 2 Qo 2 0 1 0 o 0 ¢ 0 1 0 0 0
15 Jul - 28 Jul I 0 3 0 L+ I 0 0 0 0 0 o o 90 o o o o0 o ¢
29 Jul - 11 Mug L ] o 0 o 0 0 0 0 0 o 0 0 0 o © o o ¢ 0
12 Aug - 25 Aug o ¢ ¢ o0 o 0 o 0 o0 o o 0 0 o o O o 0 o o
26 Aug - 08 Sep ¢ o o ¢ o 0 0 4] 9 0 0 O [ ¢ 0 o 0 0 0
07 Sep - 22 Sep o ¢ o ¢ 0 0 0 Q o @ o 0 a Q % 0 e 9 o o
23 Sep - 046 Oct o ¢ o ¢ o 0 0 0 0 0 o o 9 0@ o 0 o 0 0o 0
07 Oct - 20 Oct ¢ o0 ¢ ¢ o 0 0 ] o 0 ¢ o0 o 0 o 90 [ ) o 0
21 Oct - 03 Nov 0 o o 0 0o 0 0 0 0 ¢ ‘00 0 0 0 0 o 0 0 o0
04 Nov -~ 17 WNov o ¢ o 0 o © 0 0 0o 0 o 0 e 0 ¢ 0 [+ B ] o 0
18 Nov -~ 01 Dec ¢ 0 Q 0 o 0 0 L+ 0 o o o ¢ o o 0 o 0 o O
02 Dec - 15 Dec o ¢ o o o 0 0 ] 0 0 o 0 [+ I 0 0 o 0 ¢ ¢
14 Dec - 31 Dec 0 0 0 0 0 ¢ 0 C 0 0 0 0 0 0 0 0 o 0 o 0
&7 S91 347 1271 221 49 332 7?7 2435 110
47 129 0 0 0 41 82 o 0 0

8/ P = Number stomachs preserved. Some stomachs may be missing from the collection
due to storage problems.

B/ C = Number of stomachs with contents identified as of December 1984,
¢/ Approximately 2UX used for proximate analyses.
4/ Approximately 50X used for proximate analyses.
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Appendix Table B7.--Source, date of median recovery, and tag codes for fish
groups used in graphic comparison of stomach fullness
(Figures 54, 55, 57, 59, and 60)., Subyearling and
yearling chinook salmon, coho salmon, and steelhead
groups captured at Jones Beach in 1982 and 1983.

o e ek Uy o ke R A ek bk e S U o Sk 40y e ek e Y ik R e A e i ki A e AP (A et e e i S e D oy e s b A e D b

Iate of
median
——oloyree__ . __ fish_____ cuy

i . = oy = e Sl g

Subyearling chinook salmon

Spring Creek a/ 19 april 82 05/10/50
' ' 26 April 82 053/10/53-56
' ' 27 April 82 05/10/51
Hanneville h/ 01 May 82 07724707
Spring Creek 08 May 82 05/08/51,10/57
Bonneville 10 May 82 077256753
Stayton Fond b/ 13 May 82 07725762
Spring Creek 24 May 82 03/10/32
Abernathy a/ 30 Hay 82 05/10/58,59
Ronneville 04 June 32 Q7/24/08
: 06 June 82 07/24/25
. 10 June 82 07/24/714-17
Little White Salmon o/ 11 Jupe 82 035/04/35,34
Klickitat ¢/ 13 June 82 63/21/57
Bonneville 15 June 82 07/24/24
Htayton Fond 12 June 82 07726762
Oithow b/ 22 June 22 07/23/30,24/11
Hagerman o/ 27 June 82 05/10/22,23
Lower Ralama ¢/ 28 June 82 63/24/63
Friest Rapids ¢/ 29 Juna 82 63/23/52,24/36
Kalama Falls ¢/ 09 July 82 53/24/560
Washougol ¢/ 18 July 82 &3/24/41
Cowlitz ¢/ 20 July 82 a3/20/32,24/762
Honneville 13 August 32 D7/24/26
: 10 November 82 07/25/48
' 11 Movember 82 07725745
. 11 NHovember 82 07/23/63
' 11 MNovember 82 07/25/46
Spring CreekK 04 May 83 D9/11/42~4%
Eonneville 10 May 83 07/27/27-30
Stayton Fond 14 May 83 07/23/28,28/30-34
Little White Salmon 21 May 83 D3/11/41
fRound Butte b/ 07 June B3 07728734
Friest Rapids 17 June 83 43728711
Fonneville 02 Juiy 83 Q7728727
" 05 July O3 Q7 /28724
Little White Salmon 04 July 33 05/11/39
Hage rman 06 duly 83 10/25/15%
Cowlitz 08 July 83 $3/25/03
Friest Rapids 18 July 83 63/26/12
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Appendix Table B7.--continued.

Soyrce

Lewis River ¢/
1 ]

Ronneville
Washougal

Date of
median

B e s T o

23 July 83

08 August 83
22 August 83
10 September 33
22 October 83

09 November 83

Yearling chinook salmon

Bonneville
Oxbow
lakridgde b/
Cowlitz
Dexter Fand b/
Marion Farks h/
Rapid River d/
Marion Forks
Hound Rutte
KRooskin d/
lLeavenworth o/
McCall g/
McKenzie b/
Bonneville
McKenzie
Cowlitz
Found Butte
Bonnevills
Leavenworth
Sawtaooth d/
McCnll

Lawis River
Sandy b/
Lower Kalama
Cowlitz
Cascade b/
Eagle Creek af
Washougal
Lewis River
Washougal
Lower Kalama
Bonneville
Sandy
Cowlitz
Eagle Creek

21 March 82
02 April 82
09 April 82
16 April 22
25 April 82
29 April 82
04 May 82
0% May 82
06 Moy 82
15 May 82
31 Moy 82
04 June 82

27 Fehurary 83

18 March B3
05 April 83
10 April 83
15 April 83
27 April B3
12 May 83
21 May B3
23 May 83
24 May 83

Coho galmon

12 May 82
19 May 82
1% May B2
21 #ny 82
31 May 82
07 June 82
03 June 82
1i June 82
064 pay &7
11 May 83
14 Moy 83
14 May 83
2 May 83
26 HMay 43

0
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63/27/38
b63/27/37
07/28/28
&63/2327359
63/22/39
63/22/38

07/21/40,43
07/21/37
07/24/19,25/13
63/21/34,23/09-11
07/24/20,22
07/25/28-30
10/24/14-19
07/25/35-27
07/24/48,50
03/705/30,06/59
05/10/61
10/24/12-13
07/25/21,27/19,21
07/27/01
072/25/47
7r29/22,27/18,20,24
63/25/05-06,24/09
07/727/14,16-17
07/27/41
05/13/38-139
10/24/08,25/35
10/24/38

53/23/04
07/2%5/49-58
63/23/703
63/24/20-49
07/24/739,33
DI/1Q/35~40
63/25/13-42
63/23/705
63/26/45
&3/26/05
07726704
07/27/31-36
63/26/13-42
0u/11/33-34



Appendix Table B7.--continued,

Date of
median
_______ Source_ . ___.. o.__..fish ___ o __CWT_________

Cascade 30 May 83 07/272/47
Washougal ‘ 02 June 83 &3/26/61-863,27/01-17
Eonneville 04 June 83 07/26/07
Willard o/ 14 June 83 05/09/28-43
Speelyai ¢/ 25 June 83 43/27/35

Steelhead

Dworshak o/ 01 Moy 82 23/06/07-08:16/05
' 22 May 82  05/10/24-27,23/16/02,04
Niagara Springs d/f 27 May 82 10/24/04,50
Hagerman 01 June 82 03/14/20-21
[worshak 04 June 82 23/16/01,03
' 17 May 83 23/146/16,19,38
Lyone Ferry &/ 26 May 83 &3/28/38-40
Hagerman 30 may B3 10/24/690
Iworshak 04 Jupe B3 B/13/49-52,23/16/20
Hage rman 10 June 83 05/13/33~34

o R o e U S i e . D VALS AL o i 4L A Sy ok LD S R S A G i TP o MY o i it P = e s e dryr oy T e ek Sy g o e dnll . oy e e Tl VR e e RS RS S

a3/ United States Fish and Wildliife Service.
b/ Oreqon Department of Fish and Wildlife.
£/ Washington Department of Fisheries.

4/ Tdaho Depariment of Fish and Game.

&/ Washington Department of Game.
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Appendix Table B8.--Taxonomic classifications and codes for food items found
in juvenile salmonids from the lower Columbia River and
near-shore marine waters.

——frey Item_ ___

Nliatomaceae
Chlorophyta
Frotozoa

Hy hydroida
Turbellaria
Iligenea
Nemerten
Nematoda
finnelida
Folychaeta
Oligochaeta
Naididae
Hirudinen
Gastropoda
Bivalvia
Corbiculidae
firachnida
Aranene

Acarina
Hydracarina
Halacaridae
Crustncea
Cladocera
Nstracoda
(lopepoda

C. calanoida

E+ affinis

G harpucticoida
L. cyclopoida
Cv caligoida
Cirripedia
Mysidacea
Mysidaucen mysida
Neomysis mercedis
Isopoda

1. valvifera
Amphipoda

A: gammaridea
Corophiidae

C. salmanis

£. spinicorne
Gammaridae

A subcarinatus
. confervicolus
Coprellidae

070301

08

34

3702

3901

393%

43

47

50

5001

3004
300903
012

51

WHY

591545

9%

9?11

3922

930
393001

61

4108

46110

6117

61149
4118300201
6119

6120

61323

6130

6151

4153
6133011505
6138

6162

4168

6169
$16915
4169150209
H167150215
614921
4165210101
6147210107
4171

llecapoda

Dy caridea
Crangonidae

€+ franciscorum
tistacidae
Galatheidae
Cancridae

Cs magister

C. oregonensis

Insecta I
fipterygota
Proturn
Thysanura
Iiplura
Collembola
Ftervgota
Ephemeroptera
Ephemeridae
Hexngenia
Raetidae
Frosopistomatoiden
Odonatn

0. anisoptern
0. zygoptera
Orthoptera
Isoptera
Lermaptera
Flecoptera
Psoceptera
Anoplura
Thysanoptera
Hemiptern

H: hydrocorizae
Corixidae
Homopiera
Cicadellidue
Fsylloiden
Aphidoiden

Insecta II
Coleoptera
Iytiscidae
Staphylinoiden
Curculignoidea

255
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6179
617922
6179220107
6181
418310
618803
61808030104
6188030104

62
46201
6202
6204
6206
6208
6213
6215
421501
62150101
621602
6219
46223
463224
6229
6231
46244
6248
4251
6256
b6267
6269
6271,
6272
627201
6282
628403
A28
6291

63
6302
630506
4310

46325



Appendix Table B8.--continued.

NODE b/
frey Code METAHORFHIC STAGE.
Insecta III 84 ElanK-nag information
Neuroptera 4405 O~indeterminable
Trichoptera 5418 1~eqnq
Hydropsychidae 641804 Z-nauplius
Lepidoptera 6420 3-zoen
4~pegalops
Insecta IV 65 U~veliger
Diptera 6501 b6-1larva
Tipuloiden 6503 7-juvenile {(juv.)
Tipulidae 659301 8-adult
Psychadoidea 6504 ?-larvaey .juvsy and adultls
Culicoiden 6505 10-juv. and adultis
Culicidne 4650503 li=)arvae and .juv.
Chaoborus 465050301 12~maturity unknown
Heleidiae 650504 13-palyp
[tixidae 450505 la-cypris
Simuliidae 450506 15-copepodid
Chironomidae 650508 l16-pupa
Symbiocladiusg 65050821 17-nymph
Fentanyra 4503508324 b/
D, brachycera 6515 STOMACH_CONTENT_DIGESTION_STATE
Muscoidea 4540
Hymenoptera 4550 O-no information
Scolioidea 6573 1-all contents unidentifinble
fpoidea 6576 Z-traces of prey organisms
identifinble
J-less than 0% identifiable
Miscellaneous 4-30% - 73% identifinble
S9-79% - 100% identifiable
Niplopoda 68 6-nll contents identifiable
Bryozoa 748
Lamprey 860301 b/
Gnathostomata 87 PREY_ITEHMS
G, teleostei 8734
E, mordax 8747020101 Blank-no information
0. tshawytscha 8733010204 O-whole organism 9-hones
A, hexapterus 8845010101 l-parts (misc.) 10~head
fives 91 2-siphons Li-eye
Inorganic matter 9% 3-inarganic parts 1Z-jaws
Unidentified arganism 94 4-legs 13-tail
Unidentified Eqq @7 S-setae 14-zeeds
Flant material 28 4-chelae 15~1leaves
Digested Material 2 7-zooecia 16~wings
g-scnles 17-antennae

e ey . e
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A/ National Oceanographic Datn Center, 2001 Wisconsin Ave., N.W.; taxonomic

codes, 2nd edition, 19783,

Each two digits of code represents a descrete

taxon. Each code may contain up to five taxonomic levels, with a pravicien
for two odditional digits to represent subspecies or a variety in sone
The code system enables an animal to be classified to any

taxanamic groug,
asystematic aggregation of data.

b/ Mr, Charles Simenstad, Fisheries Research Institute WH10, College of
Fisheriesy Univ., Washington, Seattle, WA 8195,
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