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EXECUTI VE SUMVARY

This docunent is the 1993 annual progress report for
sel ected studies of fall chinook sal nbn Oncorhynchus tshawytscha
conducted by the National Biological Survey (NBS) and the U S
Fusg and WIldlife Service. Activities were funded by the
Bonneville Tower Adm nistration (BPA) through funding of Project
93- 029.

The decline in abundance of fall chinook salnmon in the Snake
Ri ver basin has becone a grow ng concern. In 1992, Snake River
fall chinook salnon were listed as "threatened” and in 1994 the
stock was |listed as "endangered" under the Endangered Species
Act . Effective recovery efforts for fall chinook sal non cannot
be devel oped until we increase our know edge of the factors that
are limting the various life history stages. This study
attenpts to identify those physical and biological factors which
i nfluence spawning of fall chinook salnmon in the free-flow ng
Snake River and their rearing and seaward mgration through
Col unbia River basin reservoirs.

Snake River fall chinook spawning was generally a Novenber
event in 1993 as it was in 1991 and 1992 with sone activity
occurring in late Cctober and early Decenber. A total of 59
redds were counted during aerial surveys which is close to the
1987 high of 66. Underwat er surveys |ocated an additional 67
redds in deep water which represents 53% of the total nunber of
redds found in 1993. Searches nmade in the Lower G anite Dam
tailrace found 10-14 redds using camera and SCUBA techni ques.
All of the redds counted were |ocated near the juvenile fish
bypass outfall. There was no evidence of deepwater spawning
bel ow Lower Monunental Dam

Spawni ng habitat availability was assessed by applying
hydraulic and habitat nodels to known fall chinook sal non
spawni ng sites. Using a total effective area nodel, suitable
spawni ng habitat was that which successfully net slope, depth,
velocity, substrate, and scour criteria. the spawning sites
nodel l ed, the total effective area nodel predicted that 9% of
shal l ow-water-transitional, 0% of shallowwater-lateral, and 6%
of deep-water-transitional habitats were suitable for spawning at
the highest scour criterion used. Validation of this nodel found
that nost redds found since 1991 were wholly orhgartly in cells
predi cted as suitable by the TEA net hodol ogy. delling habitat
availability under simulated flows reveal ed that TEA does not
appear to be particularly sensitive to the range of flows tested.
If nodelling results hold river wide, then known spawning sites
are probably underseeded.



Juvenile fall chinook salnon were seined and PIT tagged in
the free-flow ng Snake R ver to describe rearing patterns,
em gration behavior, and emgration timng. W seined 2,396 fal
chinook salnon in systematic and suppl enmental sanples in 1993.
Estimated fall chinook salnmon fry energence ranged from 16 March
to 5 June with a 23 May peak. W PIT tagged and rel eased 1,236
chinook salnmon juveniles of which only 42% were considered fal
chi nook sal non based on el ectrophoretic analysis of fish
recaptured at Lower Ganite Dam W tagged fall chinook sal nbn
in the Snake River from 28 April through 21 July with a 9 My
peak. About 16.4% of all tagged fall chinook sal non were
recaptured by seine; npbst at the original site of tagging. Mean
emigration rate fromrelease sites in Hells Canyon to Lower
Ganite Damwas 2.1 kmd with peak and nedi an dates of passage
occurring on 20 and 17 July, respectively. Using multilinear
regression we estimated that emigration rate was nost influenced
by release tenperature and rel ease size.

Juvenile fall chinook salmon were seined in the Col unbia
River in the Hanford Reach and in McNary Reservoir to identify
and describe rearing habitats. Peak nunbers of subyearling
chinook salmn were captured in April in the Hanford Reach, in
May in McNary Reservoir, and in June in the Snake River. As
wat er tenperatures increased above 15.9°C, nean catch decreased.
Snake River subyearling chinook salnon attained a |arger size
nore quickly than Colunbia R ver subyearlings. Subyearlings were
caught in significantly greater nunbers during the day than
during the night. Most subyearlings were caught in shallow water
between 0.5 m and 2.0 m deep. Substrate did not appear to have
an influence on catch of subyearling chinook salnmon in the main
stem Col unbi a Ri ver.

Subyearling fall chinook salmon were marked at MNary Dam to
relate river flow and mgration patterns of juvenile salnon to
adult returns. A total of 107,077 fish emgrating during the
early, mddle, and late segnents of the mgration were
successfully coded wire tagged and rel eased at MNary Dam
Del ayed nortality and tag |loss ranged from 0.4 to 0.7% and was
considered acceptable. Adequate nunbers of branded fish were
recaptured at John Day and Bonneville dans to determne that the
three groups of fish maintained their integrity and em grated
separately in relation to when they were rel eased. Travel tine
of subyearling chinook salnmon through John Day Reservoir was not
significantly correlated with any of the variables tested.
Subyearling chinook salnon narked at MNary Dam appeared to be
fully snolted and were physiologically adapted to seawater as
nmeasured in 24 h seawater chall enges. The salinity preference of
subyearling chinook salnon was tested but results were
i nconcl usi ve.

Hydr oacousti c surveys were conducted on MNary and John Day
reservoirs and in net pens to obtain acoustic target strength
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information on mgrating and captive juvenile fall chinook sal non
and Anerican shad. Kid-water trawling verified that the mgjority
of the fish tracked in MNary Reservoir were subyearling fal
chinook salnmon and that juvenile American shad dom nated John Day
Reservoir sanpl es. Target strengths of juvenile fall chinook

sal non surveyed in McNary Reservoir were simlar to those of both
subyearling and yearling fall chinook salnmon used in net pen
tests. The target strengths of the yearliing net pen chinook were
| ower than expected given that they were alnost twice as large as
all other chinook sal nbn surveyed or tested. A conparison of
target strengths of net pen Anmerican shad and shad surveyed in
John Day Reservoir showed that |arger net pen shad had | ower
target strengths than snmaller shad from field surveys. Thi s
counterintuitive finding nay have been due to subopti nal

equi pnent performance.
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CHAPTER ONE

Fall Chinook Sal non Spawni ng
Ground Surveys in the Snake River

by

A.P. Garcia and WP. Connor

US Fish and WIldlife Service

| daho Fi shery Resource Ofice
Ahsahka, |daho 83520, USA

and

R H Tayl or
U.S. Forest Service
Cl earwater National Forest
O ofino, |daho 83544, USA



I ntroducti on

Spawni ng ground surveys were conducted in 1993 as part of a
five year study of Snake River fall chinook sal non Oncorhynchus

ishawytscha begun in 19 91 . observations of fall chinook sal nbn
spawning in the Snake River were limted to infrequent aeria
redd counts in the years prior to 1987 (Haas 1965, Irving and
Bjornn 1981, Wtty 1988). From 1987-1990, redd counts were nade
on a limted basis by an interagency team and reported by the
Washi ngt on Departnent of Fisheries (Seidel and Bugert 1986

Seidel et al. 1988, Bugert et al. 1989-1991, and Mendel et al.
1992). Starting in 1991, the U S. Fish and WIdlife Service
(USFWs), and ot her cooperating agencies and organi zations
expanded the scope of spawning ground surveys to include: 41)
additional aerial surveys to inprove redd counts and provide data
on spawn timng; (2 the validation (ground truthing) of redd
counts from aerial surveys to inprove count accuracy;, (3)
underwat er searches to locate redds in water too deep to allow
detection fromthe air; and (4 bathynmetric mapping of spawning
sites for characterizing spawni ng habitat.

The objectives for spawning ground surveys conducted in 1993
were to: (1) describe spawning time, redd distribution, and
extent of fall chinook salnmon spawning in the Snake River using
redd counts from helicopter surveys, underwater searches, and
ground observations; and (2) search for fall chinook sal non redds
in the tailraces of Lower Ganite and Lower Monunental dans.

This report includes results from data we collected in the first
three years of our study (1991-1993), and data collected from
1987-1990.

Study Area

The study area included the Snake River from Hells Canyon
Dam to the nmouth (Figure 1). W describe specific |ocations
within the area in terns of river kiloneters (RK based on U S
Arny Corps of Engineers (COE) navigation charts of the Snake
River (CCE 1990) and U.S. GCeol ogical Survey topographical maps
Much of our work in 1993 was conducted in the free-flow ng reach
of the Snake River between Hells Canyon Dam (RK 398) and the head
of Lower Granite Reservoir near Asotin, Washington (RK 235).
Addi ti onal work was conducted within the 1 km downstream of Lower
Monunental Dam (RK 67) and Lower Granite Dam (RK 173).
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Figure 1. Map of the Snake River drainage showing Lower Monumental Dam at
RK 67 and inset showing fall chinook salmon spawning study sites near RK 260,

RK 266, Lower Granite Dam at RK 173, ?nd the head of Lower Granite Reservoir
near Asotin, Washington at RK 235.



Met hods

Data Collection

Aerial surveys and ground truthing. - Met hods used to count fal
chi nook salnmon redds from a helicopter in 1993 were simlar to
t hose used from 1987-1992, although the nunber and timing of
counts has varied between years (Connor et al. 1993, Garcia and
Connor 1994). In 1993, eight redd counts were made at 7 d
intervals from 25 Cctober to 13 Decenber. Ei ght redd counts were
made at 6-11 d intervals from 16 October to 12 Decenber 1992, and
nine counts were nade at 6-8 d intervals from 14 Cctober to 9
Decenber 1991. Only two aerial redd counts were nade each year
from 1987-1989, and three in 1990. Redd counts from 1987-1990
were referred to as index counts in previous reports.

Redd counts were nade by two observers in a helicopter as it
traveled from Asotin, Wshington to Hells Canyon Dam at an
altitude of 100 to 200 m  Wien a potential redd was observed
the helicopter was positioned for optimal view ng and one
observer marked the |ocation on COE navigation charts. Begi nni ng
in 1993, a sketch was made of each spawning site when redds were
first observed, then updated on subsequent air and ground
surveys. Once a redd was counted, it was not counted again on
subsequent surveys.

Potential fall chinook salnon redds observed from the air
were ground truthed and the corresponding aerial redd count
adj usted based on ground observati ons. In 1991-1992, all redds
observed fromthe air were exam ned by wading or from a boat. In
1993, redds were examined from a boat when their authenticity
appeared questionable from the air. The | ocations of nost
val i dated redds observed fromthe air in 1993 were recorded using
survey instrunentation (G oves 1994).

Redd countsindegp water. -1n 19 9 3 , an underwater canera was used
to systematically search for redds in water too deep to allow
detection fromthe air. W searched near RK 261.3, RK 266.5-
266.9, RK 267.4-267.7, and near RK 311.8. Search areas were
sel ected based on: (1) the locations of redds discovered during
random searches conducted by Goves (1994), (2) the presence of
sui tabl e spawning substrate (dom nant size range, 2.5-15 cm
Connor et al. 1993, Raleigh and MIler 1986) extending into areas
greater than 3 m deep at known spawning sites, and (3) the
di stribution of redds observed by underwater camera and SCUBA
divers in previous years (Connor et al. 1993, Goves 1993). Dat a
from random and systematic redd searches were conbined to produce
final redd counts in 1993.

Systematic searches were perfornmed by observing the river
bottom along a series of cross sections passing through each
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search area. Navi gati on nmarkers were placed at 4.6 mintervals
al ong one shore of each search area. These markers were extended
along the shoreline to bound the area containing suitable
spawni ng substrate and water greater than 3 m A Sony' HVM 352
renmote canera, fitted with a 110° lens and nounted between two 13
kg sounding weights (Figure 2), was suspended from a boat and
passed over the river bottom along each 4.6 m cross section. The
canera image was observed in the boat and recorded on 8 mm video
tape for subsequent verification. Redd | ocations were recorded
using survey instrunmentation (Topcon ITS-lI, total station)
positioned on shore and a reflective prism nmounted on the boat.
Canera and substrate depth were recorded at the begi nning and end
of each pass and at random poi nts between.

In 1991-1992, underwater redd searches were conducted using
SCUBA divers in the Hells Canyon reach of the Snake River.
Informati on on the methods used in these diving surveys are
presented in the 1991 and 1992 progress reports (Connor et al.
1993, Garcia and Connor 1994) and are not covered in detail in
this report.

Redd searches in dam tailraces.- Redd searches were conducted in

areas of Lower Granite and Lower Monunental dam tailraces in 1993
usi ng an underwater canmera and SCUBA divers. Search areas were
sel ected based on criteria for water depth, flow, |ateral channe
sl ope, and substrate conposition. In the Lower G anite Dam
tailrace, searches were conducted in areas wthin about 650 m of
the dam that had water depths ranging fromof O7.6 m Sear ches
in the Lower Mnunental Dam tailrace were conducted within 850 m
of the damin water ranging from 0 9.1 mdeep. Al areas
searched had an average water velocity ranging from 0.61-1.8 m's,
a cross sectional slope of 020% and a dom nant substrate of
cobbl e and gravel (Dauble et al. 1994). Areas where these
criteria overlapped were considered suitable habitat. Areas of
suitable habitat were displayed on a map, divided into three
search blocks (Figure 3), then rated as having either a high
(Area A) or low (Area B) potential for spawning based on habitat
density within each bl ock. Navi gati on markers were placed al ong
one shore to create cross sections and were extended to cover
each search bl ock. Markers were placed at 7.6 mintervals in
Area A search blocks, and 15.2 mintervals in Area B search

bl ocks. Redd searches were made with the sanme canera equi pnent
and procedures as were used in the Snake River upstream of
Asotin, Washington in 1993.

- Use of trade nanes does not inply endorsenent by the U S
Fish and WIldlife Service.
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The nethods used by SCUBA divers to search for redds in
tailrace areas in 1993 were simlar to those used by divers in
the Lower Monunental Dam tailrace under zero flow conditions in

1992 (Garcia and Connor 1994). In 1993, divers conducted redd
searches within a 900 m? area in Lower Monunental Dam tailrace
that was al so searched by divers in 1992. In the Lower Granite

Damtailrace, divers searched a 1,841 m* area that enconpassed
the largest group of redds observed by USFWS and Dauble et al.
(1994) using underwater carmeras. The boundary of each area was
marked with four surface floats to forma rectangle with two
sides roughly parallel with the shoreline. Ropes were attached
bet ween the upstream and downstream fl oat anchors on two sides of
the rectangle to form two subnmerged lines parallel with the
shorel i ne. Two divers searched for redds along transects 2 m
apart as they swam side-by-side above the river bed until they
reached the submerged rope on the opposite side of the rectangle.
Progress was narked and recorded by surveying a prism positioned
over the subnerged ropes by boat each tinme the divers noved to a
new starting |ocation. In addition, the general path of the
divers was tracked while swi nmng between the subnmerged ropes by
surveying a prism positioned over the diver's exhal ed bubbl es.
Divers maintained contact with the surface crew using voice
activated radios.

Data A nalysis

Trendcomparison 11987-1993). - W attenpted to sinplify the
conparison of redd count data from 1987-1990 when only two to
three counts were nade, to data from 1991-1993 when eight or nine
counts were nade. This was acconplished by estimating redd
counts for 1987-1990 using a linear regression equation (SYSTAT
1990). The equation was cal cul ated using the redd counts (41,

45 and 59) and adult counts at Lower Ganite Dam (590, 668, and
952) from 1991-1993. The relation (redd count = 11.8 + 0.496 *
dam count) produced a high coefficient of determ nation which was
significant (» = 0.99; p = 0.004).

Search area in dam tailraces - The area examined in Lower Ganite
and Lower Mnunental dam tailraces was cal culated using the
di stance of each canera path, and the relationship between
average canera hei ght above the substrate (0.3 m at Lower
Monunental Dam and 0.9 mat Lower Granite Dam and view area.
The general area where fall chinook sal non redds were observed in
the Lower Ganite Dam tailrace was mapped using the surveyed
| ocations of redds observed by SCUBA divers and underwater
caner a.



Resul ts
Redd Counts in the Free$owing Snake River

Fall chinook sal non spawning in 1993 began earlier than in
1992 and 1991 based on weekly redd counts. Redds were first
observed on 25 Cctober in 1993 conpared to 5 Novenber in 1992 and
28 Cctober in 1991 (Figure 4). The peak count occurred on 1
Novenber in 1993, 23 Novenber in 1992, and 18 Novenber in 1991.
In 1993, fall chinook salnon redds were distributed between RK
239.9 and RK 381.3 (Table 1). Redds have been observed between
RK 239.9 and RK 396.6 since 1987 (Table 2; Figure 5. A total of
438 redds were counted by all counting nethods from 1987-1993.

More redds were counted on aerial surveys in 1993 than were
counted in 1991-1992 or estimated for 1988-1990 (Figure 6).
Fifty-nine redds were counted fromthe air in 1993, 45 redds were
counted in 1992, and 41 in 1991. Redd count estimates totalled
29 in 1990, 47 in 1989, and 43 redds in 1988. Fifty-nine redds
were estinmated for 1987.

W observed 28 redds in deepwater areas from RK 266. 5-266.9

in 1993 (Figure 7). N neteen of these redds were |ocated during
systematic searches, and nine during random searches. G oves
(1994) al so observed 28 redds between RK 266.5-266.9 during
random searches he made using simlar canera equipnent. In

addition, we located 11 redds near RK 267.4, 21 redds near RK
267.7, and one redd near RK 311.8, during systematic searches;
Groves observed two redds in deepwater areas near RK 289.1, one
redd near RK 320.8, and three redds near RK 358.5, using the sane
systematic search nethods (Table 3), Water depth neasured over
all redds ranged from 3.0-6.4 m

Redd Searches in the Dam Tailraces

W exam ned 11,547 m* of a 84,478 m? search area in the
Lower Granite Dam tailrace using an underwater canera between 23
Novenber and 1 Decenber 1993. W observed 10 to 14 fall chinook
sal non redds based on the conbined counts using underwater
caneras and SCUBA divers. At l|least two additional redds were
observed by Dauble et al. (1994) using simlar equipnent and
net hods. The shal | onest redd was neasured on 24 Novenber at 5.5
m the deepest redd was neasured on 29 Novenber at 9.2 m  Redds
observed in the Lower Ganite Dam tailrace were close to the
tenporary juveniie fish bypass outfall (Figure 3). This was also
the case in the tailrace of Little Goose Dam where four fall
chinook salnmon redds were |ocated near the juvenile fish bypass
outfall (Dauble et al. 1994). W exanmined a total of 2,555 m* of
a 65,992 m? search area in the Lower Mnunental Dam tailrace
using an underwater canmera between 16 Novenber and 2 Decenber
1993. In addition, Dauble et al. (1994) covered the sanme search
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Table 1.-River kilometer
from helicopter surveys of the Snake River made at 7 d intervals in 1993.

(RK) ,

landmark,

and counts of new fall chinook salmon redds

New redds counted by tlight date

RK Landmark Site
25-Oct °1-Nov °8-Nov 15-Nov 22-Nov 29-Nov °6-*ec 1l=-"ec Totals
239 .9 Three Mile Island - - - 1 - - - 1
243 .8 Above Tenmile Creek - 1 - - - - 2
245.1 Big Bench Point - - - 1 - - 3
259.0 Upper Buffalo Rapids 1 7 2 - - - - 102
261.3 Captain Johns Creek - - - 1 - - - 1
265.8 Above Perkins Gulch - - - - - 2 _ 2
266.0 Below Billy Ck Range _ 1 1 - - - - 2
266.9 Below Match Line 4 4 - - 1 - 9
267.4 Above Fisher Range a - - 5 - 1 . 6
271.4 Mouth of Grande Ronde - - 3 1 1 - 5
289.1 Cougar Bar - - 1 - 3 - - 4
311.7 Divide to Zig Zag - - - - - - 1b
312.1 Big Canyon Range - - - 1 - - - 1
332.3 Below High Range 1 - - - - - - 1
340.9 McCarty Creek - 2 - - - - - 3¢
345.1 Below Pittsburg Range _ 1 - - - - - 1
349.6 Coral Creek _ 1 1 1 - - - 3
381.-3 Lower Dry Gulch = - 3 2 - - - 5
Totals o 18 1= 15 5 5 2 59
a3 One additional redd was observed from a boat at Upper Buffalo Rapids RK 259.° by IPC

on 8 December.
b One large gravel disturbance observed at the site between Divide and Zig Zag creeks (RK

311.7) was judged to be 2 redds from the air on 1 November, but was considered only 1

redd by ground observation on 2 November.

¢ One redd was observed from the air on 1 November at McCarty Creek
redds were observed from the ground on 2 November; the second redd was observed
on subsequent helicopter surveys.

(RK 340.9),

but 2



~Tacle 2.-River kilometer (RK!, landmark, and counts cf fall chinook salmon redds in the Snake
River frcm ;ll helicopter surveys, ground okservaticns, and underwater observations using camera
and SCUBA divers from 1987-1933 (Ccnrner et al. 1993, Garcia and Connor 1994, Garcia 1994).

RK  Landmark 1987 1988 1989 1990 1991 1992 1993 Totals
238.6 Ten Mile Range - - - b - - - 1
239.9 Three Kile Island - - 1 - 2 - 1 4
2543.8 Above Termile Creek - - - - - - 2 2
234.4 Ten M:ile Canycn - i 1 - - - - 2
245.1 Big Bench Point 13 8 23 16 - 7 3 70
252.6 warehouse at Couse Creex - - 1 b - - - 2
257.1 _ower Buffalo Range - - - - - 3 - 3
259.0 Upper Buffalo Rapids - - - - - 7 11 18
26..3 Captain Johns Creek - - 1 2 20 11 1 35
262.6 Captain John Rapids 3 2 - 2 - - - 7
265.C Billy Creekx Rapids 2 5 2 1 1 - - 11
265.8 Rbove Perkins Gulch - - - - - 2 2
266.C Fisher Gulch 4 - - - - - 2 (3
266.5 Above Billy Creek Range - - - - - - 28 28
266.9 Belcw Match Line 2 14 - - - 3 9 28
267.4 Above Fisher Range - - - - - - 17 17
267.7 Lower Lewis Rapids - - - - 6 - 21 27
271.4 Mouth of Grande Ronde - - - - - - 5 5
272.7 Near Lewis Point - - 1 - - - - 1
277.6 Ceer Head Rapids 1 - - - - - - 1
279.8 Below Shovel Creek 1 - - - - - - 1
287.9 Cochran Island Head - - - - - - 1
289.1 Cougar Bar - - - - - - 6
3c7.3 Eureka Bar 1 5 - 2 4 1 - 13
3C8.4 Near Imrnaha River 2 4 - - - - [
3ii.¢ Above Tivide Creek 4 - S 2 - - - 11
311.7 Divide to Zig Zag - - - 3 - 1 10
311.8 Below Big Canyon Creek - - - - - 1 1
312.1 Big Canyon Range - - - - - - 1 1
312.3 Above Zig Zag Creek 2 2 - 2 - - - 6
315.7 Below Dug Bar, OR 1 3 - - - - - 4
319.9 Abcve Robinson Gulch 1 - - 2 - 11
320.0 Below Ceep Creek 4 - 3 - - - 7
320.8 Trail Gulch - - - - - - 1
328.4 Near Blankenship Ranch 1 - - - - - - 1
330.2 Aabove Copper Creek - - - - 3 - - 3
330.8 Below Getta Creek 1 - - - - - - 1
332.1 Belcw High Range No.1l 1 4 - - 1 2 2 9
334.4 _ookout Creek Range - 1 - - - - - 1
334.5 Below Lcokcut Creek - 2 1 - - - - 3
2137.4 Belcw Camp Creek - - - - - - 1
340.9 McCarty Creek - - - - - - 2
343.7 Pleasant Valiey Creek - - 2 - - - 3
2134.C Lower Fleasant Rapid - - - - - 2 - 2
345.1 Belcw Pittsburg Range - - - - - - 1 1
245.5 Near Pittskturg Range 2 - - - - - - 2
249.¢ Coral Creex Reef - - - - - 1 3 4
356.4 Curham Rapids - - - - - - 1
351.1 Belcw Cat Gulch 1 - - - - - - 1
352.5 Kirby Range - 2 - - - - 3
158.5 Near Suicide Rcck 3 - 4 - - - 10
359.9 Belcw Temperance Creek - 1 - - - - - 1
379.5 Near Hat Creek Mouth 4 2 3 - - - - 9
379.9 Relow Saddle Creex 1 - 1 - - - - 2
38C.5 Belcw Dry Gulch 1 - - - - - - 1
381.3 Lower Dry Gulch - - - - - - 5 5
383.¢ Above Three Creek Rapids 2 - 2 - - - - 4
3187.% Near Rocky Bar Camp 6 - 2 - 4 - - 13
331.5 Above Warm Springs Camp 1 - 1 - - - 2
393 .¢ Belcw Brush Creek - - 1 2 - - - 3
256.¢ Near Rocky Point - 1 - - - - - 1

66 57 S8 37 46 47 127 438
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Figure 5. River kilometer, and number of fall chinook salmon redds counted in
the Snake River by helicopter, diving, camera, and ground observations from
1987-1993 (data ffom Garcia and Connor 1994, and Garcia 1994).
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Table 3.-River kilometer {(RK}, landmark, cbservation dates,
number, and depth range of fall chinock salmon redds located in
the Snake River above Lower Granite Reservoir using underwater
cameras in 1993 (Garcia 1994, Groves 1994).

RK Landmark Dates Number Depth
range (m)

266.5 Above Billy Creek Range 06 Dec-15 Dec 28 3.6 - 6.4
267.4 Above Fisher Range 10 Nov-10 Dec 11 3.3 - 6.0
267.7 Lower Lewils Rapids 10 Nov-10 Dec 21 3.0 - 4.7
289.1 Cougar Bar 19 Nov 2 4.7 - 4.8
322.8 BRBelow Big Canyon Creek 14 Dec 1 5.5

320.8 Trail Gulch 17 Dec 1 5.9

358.5 Near Suicide Rock 02 Dec 3 4.1 - 4.6

Total 67

arez from 22 Noverper o 24 Ncvembker Nc redds were observed in
—ne Tall_rvace czf Lower Y¥cornumental Dam in 1993

Discussion

Snake River fall chincok salmon spawning is generally a
Ncvember event with some activity occurring in late October and
early December. The weekly helicopter surveys, conducted since
, shcw some variapility in timing, such as the early
mrencement in 1993. The date of initial observation of redds
varied by as much as i1 d from 139%1-1993, while the date of

spawning has ranged up to 22 d fcr the same period.
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The 1992 redd count was the highest since 1987 continuing an
upward trend peginning in 1991. The relatively large number of
redds counted in 1993 are likely attributed to two sources.
First, counts of fall chinook salmon passing Lower Granite Dam in
1993 were the highest for the period from 1987-1993 which
totalled 939, 6CS, 706, 343, 590, 668, and 952, respectively.
Unfcrtunately, 17.5% of the salmon that passed above Lower
Grarite Dam in 1993 appear to have been of Umatilla hatchery
crigin {LaVcy 1994;. Secondly, cbservation conditions in 1993
ware favorable during all nelicopter surveys, whereas, in past
years, weather and turbidity were less Iavcorable.

Since 1987, a disproporticnate amount of fall chinook salmon
spawning has cccurred below the mouth of the Grande Ronde River
(RK 272.4:. Of the 428 redds counted in the Snake River from
1587-2993, €1.2% were opserved below the Grande Ronde River,
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within the lower 36 km (22% of the 163 km free-flowi ng reach.
Annual redd distribution below the Grande Ronde River has been
dom nated by a few heavily used spawning sites. Fifty-one
percent of the redds counted from 1987-1993 were located at only
seven of 61 spawning sites and all seven sites were found within
a 1.2 kmriver reach (Table 2; Figure 5). O her exanpl es include
52% of the total nunber of redds counted in 1993 were |ocated at
three sites, and 44% were counted at one site in 1991

The consistency of concentrated spawni ng behavior in |ower
river reaches, noted in Snake River fall chinook salnon, is not
evident in the stock's spawning site fidelity. The sane
concentrated spawning sites were not used consistently from 1987
to 1993. For exanple, no redds were observed at RK 259.0 from
1987-1991, however, from 1992-1993 a total of 18 redds were
counted during air and ground surveys at this location. In
addi tion, deepwater areas at RK 261.3 were searched each year
from 1991-1993, yet redds were only observed in 1991 (Connor et
al. 1993). Not abl y, deepwater searches have becone nore advanced
and systematic each year since 1991.

One of our objectives in systematically sanpling deepwater
spawning areas in the Snake River was to test whether we could
expand redd counts tc accurately estimate the total nunber of
redds at each site. Swan (1989) expanded counts of fall chinook
sal non redds nmade by SCUBA divers in deepwater areas of the
Hanf ord Reach of the Colunbia R ver, Washington. Swan's sanpl e
design was simlar to ours, observing the river bottom al ong
evenly spaced cross sections. Redd counts were expanded using
t he average nunber of redds observed per cross section, the site
l ength, and cross section w dth. Usi ng Swan's technique, we
estimated a total of 98 deepwater redds at RK 266.5-266.9 based
on 19 redds counted along 46 cross sections placed along a 210 m
deepwat er reach. The expanded estimate (98 redds) at RK 266. 5-
266.9 overestimated what we considered to be the actual nunber
(28 redds: by about 3.5 tines. Estimating redds using this
expansi cr approach assunes there was an equal probability of
observing redds throughout the 210 mreach. W defined the
limts of the deepwater reach by the |ongitudinal distribution of
sui tabl e spawni ng gravel. However, substrate suitability is only
one of many variables (flow, slope, fish behavior) that can be a
factor in the use of habitat by spawners. Therefore, part of the
error in this expansion approach may result fromlimts in
habitat suitability that are not represented by the distribution
of suitable spawni ng substrate al one. The ability to estimate
the nunmber of fall chinook salnon redds in deepwater habitat of
the Snake River will be refined with the collection of additiona
enpi rical data.

The extent of deepwater spawning in the Hells Canyon Reach
is unknown but remains critical to understanding the Snake
River's production potential (Connor et al. in this report).
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Redds observed in deepwater areas of the Snake R ver nade up
52.8% of the total nunber of redds counted in 1993, none in 1992,
and 10.9% in 1991. As previously nentioned, conparisons of
deepwat er redd counts between years is confounded by variability
in search effort. In 1993, eight areas were systematically
searched, and nunerous areas randomly searched (G oves 1994),
usi ng underwat er caneras. This conpares to four areas searched
by SCUBA divers and underwater canmera in 1992, and one area
searched by divers in 1991. Since the areas where nost deepwater
spawni ng cccurred in 1993 were not searched in previous years, it
is not known whether deepwater spawning occurred there. Although
the extent of deepwater spawning cannot be quantified at this
time, it is clear that redds constructed in water greater than 3
m make u-p a considerable portion of fall chinook salnon redds in
t he Snake River.

Fal | chinook salnon spawning in the tailraces of the |ower
Snake River danms occurred in 1993. Most of the redds were
counted bel ow Lower Granite Dam near the juvenile fish bypass

outfall. Li kewi se, the few redds that were located in the Little
CGoose Dam tailrace were also |ocated near the juvenile fish
bypass outfall. Based on the work of Daubie et al. (1994),

suitabl e habitat was |ocated in other areas bel ow each dam yet
spawners chose to concentrate below the juvenile fish bypass
outfalls. In 1992 and 1993, no redds were found bel ow Lower
Monunental Dam (Garcia and Connor 1994). To date, the only
evidence cf fall chinook salnmon spawning In the Lower Monunental
Damtailrace was eggs and fry found in dredge spoils in February
1992 near the juvenile fish bypass cutfall (Kenney 1992).

In summary, our findings during 1993 Indicatf#®: Srake
River fail chinook sal non spawning cccurred earlier in 1993 than
in 1991 or 1992; (2) redd counts have been increasing slowy
since 1990, but hatchery strays from the Colunbia River may be
influencing this trend; (3g redd count accuracy has been inproved
by standardi zed cccnting nethods; (4 substantial deepwater
spawning In the Snake River was documented in 1993; and (5]
limted deepwater spawning was docunented in the tailraces of
Lower Granite Dam and Little Goose Dam

18



Ref er ences

Bugert, R, P. Seidel, P. LaR viere, D. Mrbach, S. Martin, and
L. Ross. 1989. Lower Snake Conpensation Plan, Lyons Ferry
Hat chery Eval uation Program 1988 Annual Report.
Cooperative Agreenent 14-16-001-88519, U S. Fish and
WIldlife Service, Boise, I|daho.

Bugert, R, P. LaRiviere, D. Marbach, S. Mrtin, L. Ross, and D.
Gei st . 1990. Lower Snake Conpensation Plan, Lyons Ferry
Hat chery Eval uation Program 1989 Annual Report.
Cooperative Agreenent 14-16-0001-89525, U.S. Fish and
Wldlife Service, Boise, |daho.

Bugert, R, C Busack, G Mendel, K Petersen, D. Marbach, L.
Ross, and J. Dedloff. 1991. Lower Snake Conpensation Pl an,
Lyons Ferry Hatchery Evaluation Program 1990 Annual Report.
Cooperative Agreenent 14-16-001-90525, U. S. Fish and
Wldlife Service, Boise, |daho.

CCE (U.S. Arny Corp of Engineers). 1990. Navi gation charts of
t he Snake River, Oegon, Washington, and I|daho. Lewi st on,
| daho to Johnson Bar. US Arny Corp of Engineers, Walla
Walla District, Walla Walla, Washington.

Connor, WP., AP. Garcia, HL. Burge, and R H Taylor. 1993.
Fal | chinook salnmon spawning in free-flowi ng reaches of the
Snake River. Pages |-29 inD.W Rondorf and WH. Mller,
editors. Identification of the spawning, rearing, and
mgratory requirenments of fall chinook salnon in the
Colunbia R ver basin. Annual Report to Bonneville Power
Adm ni stration, Contract DE-Al79-91BP21708, Portl and,

O egon.

Dauble, D. D., R L. Johnson, R P. Mieller, C S. Abernathy, B.
J. Evans, and D. R Geist. 1994, Identification of fall
chi nook sal non spawning sites near Lower Snake River
hydroel ectric projects. Draft Annual Progress Report 1993.
Pacific Northwest Laboratory report to the U S Arny Corps
of Engineers, Walla Walla District, Walla Wall a Washington.

Garcia, A P. and WP. Connor. 1994, Fal | chi nook spawni ng
ground surveys in the Snake River. Pages |-19 inD. W
Rondorf and WH. MIler, editors. Identification of the
spawning, rearing, and migratory requirenents of fall
chi nook salnmon in the Colunbia River basin. Annual Report
to Bonneville Power Admnistration, Contract DE-Al79-
91BP21708, Portl and, Oregon.

19



G oves, P.A 1993. Habi tat available for, and used by, fall
chinook salnmon within the Hells Canyon Reach of the Snake
River. Annual Progress Report 1992. Envi ronnental Affairs
Departnent, |daho Power Conpany, Boise, |daho.

G oves, P.A 1994. Habi tat available for, and used by, fall
chinook salnon within the Hells Canyon reach of the Snake
Ri ver. Draft Annual Progress Report 1993. Envi r onnent al
Affairs Departnent, |daho Power Conpany, Boise, |daho.

Haas, J.B. 1965. Fi shery problens associated with Brownl ee,
Oxbow, and Hells Canyon Dans on the m ddl e Snake River.
I nvestigational Report Nunber 4. Fi sh Comm ssion, Portland
O egon.

Irving, J.S. and T.C Bjornn. 1981. Status of Snake River fall
chinook salnmon in relation to the Endangered Species Act.
Prepared for the U S. Fish and WIldlife Service, Portland,

O egon.

Kenney, 3. 1992. Menor andum of fish eggs and fry recovered in
dredged material bel ow Lower Mnunental Project. UsS Any
Corps of Engineers, Walla Walla District, Walla Wlla,

Washi ngt on.

Lavoy, L. 1994, Stock Conposition of fall chinook at Lower
Ganite Damin 1993. Colunbia River Laboratory Progress
Report 94-10. Washington Departnment of Fish and Wldlife,
Col unbia River Laboratory, Battleground, Wshington.

Mendel, G, K Petersen, R Bugert, D. MIks, L. Ross, J.
Dedl of f, and L. LaVoy. 1992. Lcwer Snake River
Ccnpensation Plan Lyons Ferry fall chinook sal non hatchery
prcgram 1991 Eval uation Report. Cooperative Agreenent 14-
16-0001- 91534, washington Department of Fisheries report to
the U S. Fish and WIdlife Service, Lower Snake River
Conpensation Plan Ofice, Boise, [|daho.

Raleigh, R F. and W J. Mller. 1986. Habitat suitability
i ndex nodels and instream flow suitability curves: chinook
salmon. U S. Fish and WIdlife Service, Biological Report
82110. 122).

Seidel, P., R Bugert. 1987. Lower Snake River Conpensation
Plan, Lyons Ferry Sal non Evaluation Program 1986 Annual
Report . Cooperative Agreenment 14-16-0001-86521. U. S. Fish
and WIldlife Service, Boise, Idaho.

20



Seidel, P., R Bugert, P. LaRviere, D. Marbach, S. Martin, and
L. Ross. 1988. Lower Snake River Conmpensation Plan, Lyons
Ferry Evaluation Program 1987 Annual Report. Cooperative
Agreenent 14-16-0001-87512. U.S. Fish and WIldlife Service,
Boi se, | daho.

Swan, G A 1989. Chi nook sal non spawning surveys in deep waters
of a large, regulated river. Regul ated R vers: Research and
Managenent 4: 355-370.

SYSTAT. 1990. SYSTAT for DOS, version 5.02. SYSTAT Inc.,
Evanston, Ilinois.

Wtty, K L. 1988. Annual Fish Report. Wallowa Fish District.
Oregon Departnent of Fish and WIldlife, Enterprise, O egon.

21



CHAPTER TWO

Fall Chinook Sal nmon Spawning Habitat Availability
in the Free-flowi ng Reach of the Snake River

by

WP. Connor and A .P. Garcia

US Fish and WIldlife Service

| daho Fi shery Resource Ofice
Ahsahka, |daho 83520, USA

A.H Connor and R H Tayl or
U.S. Forest Service

C earwater National Forest

O ofino, |daho 83544, USA

and

C. Eaton, D. Steele, R Bowen, and R D. Nelle
US Fish and WIidlife Service
| daho Fishery Resource Ofice
Ahsahka, |daho 83520, USA



I ntroducti on

Know edge of the effects of Snake River flows on fall
chi nook sal non Oncorhynchus tshawytscha spawni ng habitat in the free-
flow ng reach of the Snake River is currently needed. \Wen the
National Marine Fisheries Service was petitioned to |ist Snake
River fall chinook sal non under the Endangered Species Act (ESA
Nati onal Marine Fisheries Service 19923, our understanding of how
the operation of Brownlee, Oxbow, and Hells Canyon dans (Hells
Canyon Conpl ex) affect the spawning success of Snake River fall
chi nook consisted of an 18 year-old flow versus habitat study
(Bayha 1974). Wth the ESA petition canme renewed interest in
obtaining information on Snake R ver fall chinook sal non spawning
since the present understanding was not sufficient for recovery
pl anni ng.

Qur 1993 work was a continuation of research that began in
1991 to establish the relation between Hells Canyon Conpl ex
di scharge and the availability of Snake River fall chinook sal non
habitat at selected index sites (Connor et al. 1993, 1994a). The
objective of work reported here is to nodel fall chinook sal non
spawni ng habitat availability as related to Snake River
di schar ge.

Study Area

The study area included the Snake River from Hells Canyon
Dam to the mouth (Figure 1). W describe specific |ocations
within the area in terns of river kilonmeters (RK based on the
navi gati on charts of the Snake River produced by the US. Arny
Corps of Engineers (COE). Qur main focus in 1993 was on the
free-flowing reach of the Snake R ver between Hells Canyon Dam
(RK 398) and the head of Lower Granite Reservoir near Asotin,
Washi ngton (RK 235).

Met hods
Data Collection

Discharge.-Snake River provisional discharge data collected
near Anatone, Washington (Anatone gage; RK 270), were furnished
by the U S. Geological Survey (USGS) for the 1967-1994 tinme
peri od. The USGS al so provided Snake River provisional discharge
data for Hells Canyon Dam and the |maha, Sal non, and G ande
Ronde rivers for 1993-1994. \Water discharge data are reported in
this chapter in thousands of cubic feet per second (KCFS) based
on USGS st andards.

23



WASHINGTON

\T
\ \
\
Little Lower | \I
i A
Lower Goose ate ! N
Monumental Dam : Clearwater
Dam i River Dworshak
Co]umb.la Tucannon : Dam
River River
Ice Harbor Dam
McNary Imnaha Salmon
Dam River River
River
Hells Canyon
OREGON Dam
Oxbow Dam
Brownlee Dam
Snake
Lower Granite River
Dam (RK 173)
Lower Granite
Reservoir h
: Swan Falls
RK ! Dam
! CJ. Strike
: Dam
i
Anatone (RK 270) i Bliss
S : Dam
Imnaha River
Salmon River
Hells Canyon Dam
RK 398

\ IDAHO

I Lonver Sdmon

Falls Dam
Upper Salmon Falls
Dam

2
‘Shoshone
Fdls

Figure 1.- Map of the Snake River drainage with an insert to show the
RK 261.3 and RK 266.5 spawning habitat study sites.
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Ste maps- Maps of spawning sites were constructed using
surveyed river channel elevations and substrate data collected
using video caneras. Cross sections were created by placing
navi gation markers at 15.2 mintervals along both shores of each
spawni ng site. Mar kers extended far enough upstream and
downstream to bound the area containing suitable spawning
substrate (dom nant substrate size 2.5-15 cm. Video recordings
of substrate were collected along cross sections at: (1) the high
water mark (vegetation line) on both sides of the river; (2
poi nts where the dom nant substrate changed; (3) points of
consi derabl e slope change; and (4 intervals to achieve at |east
20 recordings per cross section. In addition to data collected
along the evenly placed cross sections, elevation neasurenents
and substrate recordings were collected along cross sections
established for hydraulic nodelling. Additional elevation
neasurenents and substrate recordings were collected in areas
with erratic elevation changes, and conplex substrate
distribution patterns. Video recordings on |land were nade using
a Sony TR-812 8 nm video canera positioned 1.2 m above the
substrate. Submerged substrate was filmed using a Sony HVM 352-
110° renote canera, nounted between two 13 kg soundi ng weights,
and positioned 61 cm above the substrate. El evati ons were
neasured at each substrate recording |ocation. El evati ons on dry
| and were neasured by surveying a hand-held reflective prism
using a Topcon ITS-I electronic total station. Under wat er
el evations were neasured by surveying a prism positioned above
the canmera, as the canmera contacted the substrate, and correcting
for the prismto-canera distance. Video recordings of substrate
were |later displayed on a nonitor that was overlaid with a grid
pattern so that the substrate inages could be partitioned into
defined units. Substrate particle sizes were estimated from the
video images and converted into a nodified Brusven code (Brusven
1977; Garcia and Connor 1994).

Hydraulic modeling.-We used the I|nstream Flow | ncrenental
Met hodol ogy (IFIM Bovee 1982) to collect hydraulic and channel
nor phol ogy data at 10 fall chinook sal non spawning sites from
1991- 1993. The details of data collection can be found in Connor
et al. 1993 and 1994.°

Data Analysis

D scharge-D scharge data from Anatone Gage, Washington were
used to provide various flows for spawning habitat nodelling: a
calibration flow for IFIM IFG hydraulic sinmulation nodel (Connor
et al. 1993, 1994), a pre-energence flow for scour nodelling, and

2Use of trade nanes does not inply endorsenent by the U S
Fish and WIldlife Service.
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a flow to validate habitat simulation. In addition, we nodelled
a range of historical flows for simulating fall chinook sal non
spawni ng habitat for conparison to the flows being provided by
the |daho Power Conpany (IPCo) via their interim Snake River fall
chinook sal non recovery plan. Al flows were rounded to the
nearest 1 KCFS. The calibration flow was the flow at which depth
and velocity data was collected in the field. The nedian daily
di scharge from 1967-1993 for the 30-d period prior to fall

chi nook sal non energence !15 March-15 April) was selected to
represent a scour flow (41 KCFS). The medi an daily discharge
from 1991- 1993 for the spawning period (24 COctober-7 Decenber)
was selected as a representative spawning flow for nodel

val idation (15 KCFS!. FIl ow exceedance val ues were cal cul ated
from 1967-1993 using daily discharge tc identify the 5th, 25th,
and 50th percentiles (95% exceedance, 75% exceedance, and 50%
exceedance; 14 KCFS, 18 KCFS, 23 KCFS). "lows of 11 KCFS and 25
KCFS were nodel |l ed to bracket the variaticn in available habitat.
Fl ow ccntribution from Hells Canyon Conplex required to achieve
14 KCFS, 18 KCFS, and 23 KCFS at Anatone gage was cal cul ated by
subtracting 4 KCFS <the median Salmon River flow during fall

chi nook sal non spawning from 1991-1993) from each exceedance
flow

Spawning habitat modelling - The goal of this nmodel ling was to
provide realistic and accurate predictions of fall chinook sal non

spawni ng habitat. A method was devel oped to estimate the total
effective area of spawning habitat. By definition, total
effective area is the habitat area which will be naintained

t hroughout incubation to produce button-up fry. To be considered
total effective area, the habitat nust neet the physical criteria
for spawning, remain subnerged throughout incubation, and not
scour at high fl ows.

In this report, data analysis was limted to the spawning
sites near RK 261 and RK 267. Cross sections were established at
RK 261.1 261.4 and RK 266.5-266.9 for hydraulic nodelling. Each
cross section was characterized according to channel norphol ogy
and domi nant habitat type. Cross sections through reaches where
spawni ng occurred are referred to hereafter as spawning cross

sections. Spawni ng cross sections were positioned perpendicul ar
tc the river flow bisect ng the redds within a reach. Habi t at
types fell into three categories: transitional (riffles or
glides), lateral (lateral gravel bars), or runs. These three

categories were further divided into shallow water (< 3 m and
deep water | >3 n. A RK 261.1-261.4, the spawning cross
section was characterized as a shallcwwater-lateral bar. At RK
266 .5-266.9, t(here were two spawning habitat types; one shal | ow
wat er-transitional (represented by three spawning cross sections)
and one deep-water-transltlonal [represented by two spawning
Cross sections!.

26



W used the IF& nodel (Mlhous et al. 1989) to simulate
wat er velocities and depths at each spawning cross section. | FA
generates these statistics for 3 dinensional rectangular cells
di stri buted between neasurenent points (verticals) along each
Cross section. The width of each cell was defined by the spacing
bet ween adj acent verticals. Al cells at a spawning cross
section were the sanme length and extended upstream and downstream
fromthe cross section to cover the dom nant habitat type
represented by the cross section, or half the distance to
adj acent cross sections covering the sane habitat. Furt her
details regarding input files for IF& and other aspects of the
hydraulic analysis are provided in Connor et al. (1993 and 1994).

Maps with 0.5 m contours were produced for RK 261.1-261.4
and RK 266 5-266.9 by applying the triangulated irregular network
(TIN nethod to elevation neasurenments using AutoCAD and Softdesk
(Survey, COG0O, and DTM nodul es; conputer software). Site maps
were overlaid wth surveyed redd |ocations (Connor et al. 1993;
Garcia and Connor 1994; Goves 1993; and Garcia et al. in this
report! and the distribution of suitable spawning substrate.
Substrate distribution was determned by displaying the substrate
code associated with each surveyed point on site maps and fitting
lines through the points at the outer edges of honobgenous areas
of 2.5-15 cm dom nant substrate (Brusven codes 2-4).

We approxi mted the anmount of available spawning habitat at
the RK 261 and RK 267 sites by conparing various attributes
(lateral slope, depth, velocity, substrate, and potential to
scour! of cells along the spawning cross sections to val ues of
these attributes found at existing redds. Cells which had an
unsuitable value for any attribute were filtered from
consideration as fall chinook spawni ng habitat.

W used lateral slope as the first filter to determ ne which

cells could potentially contain spawning habitat. Cells with
| ateral slopes greater than 5% were filtered from consideration
as fall chinook salnon spawning habitat. W calculated latera

channel slope (rise/run) for each cell using the distance (run)
between, and elevation difference (rise) of, the two verticals
defining the width of each cell

The 0-5% lateral slope criterion was cal cul ated based on
the 75th quartile of neasurenents taken at 64 redds |ocated near
RK 261 and RK 267 from 1991-1993. Lateral and | ongitudinal
sl opes at each redd were determned fromthe site naps based on
the distance (run) of a redd to the nearest 0.5 m (rise) contours
surrounding it. Lateral slope run for an individual redd was the
length of a line oriented parallel to the spawning cross section,
passing through the redd, and extending to the first contour
lines on either side of the redd. Longi tudi nal slope run was the
length of a line oriented perpendicular to the nearest cross
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section, passing through the redd, and extending to the first
contour |ines upstream and downstream of the redd.

Next, each cell along the spawning cross-section was
filtered for suitable depths, velocities, and substrate. Dept hs
and velocities are flow dependant and were nodelled for the
validation flow (15 KCFS) using IF&4 and MANSQ (Mlhous et al.
1989) . The nodified Brusven codes for substrate were recorded i
the field along the IFIM cross sections and were considered
constant over flow. Cells that had unsuitable depth, velocity,
or substrate were elimnated from consideration as fall chinook
spawni ng habitat at the validation flow

Suitabl e depth, velocity, and substrate for fall chinook
sal non spawning habitat utilization were determ ned using binary
criteria devel oped cooperatively between biologists from the |PCo
and Fish and WIldlife Service. These anal yses are based on field
data described in detail by Goves (in press). G oves reported
fall chinook salnon spawning in depths from 0.4-6.5 m velocities
from0.4-2.0 mls, and substrates from 2.5-15.2 cm in dianeter.

The final filter involved identifying the cells which would
scour at a flow of 41 KCFS (the nmedian flow prior to fall chinook
salmon fry energence from 1967-1993) and elimnating these cells
from consideration as fall chinook spawning habitat. W
cal cul ated Shield s nmean bed shear stress criteria for each cel
to predict whether the substrate of a fall chinook redd in that
cell would nove. Shield's criterion (A.; was calculated from the
followng relationship (R chard 1982) :

6. = p, ds/ (p. - p,)D::

wher e: = density of water

depth of water at scour flow
wat er surface sl ope

density of kted material
diameter cf the redd substrate

nn

Do n oo
RN »

The depth of water in each cell at 41 KCFS (d was predicted
using the stage discharge relationship devel oped at each cross
section and the bottom el evation of the ceil. W used the
nmeasured high flow water surface slope and Manning's equation to
predict the water surface slope (s) at 41 KCFS. W used a val ue
for substrate density (p.! typical for granitic gravels (2.65
g/cm’ 0, The 65th percentile substrate size (D..) was determ ned
by Arnsberg et al. (1992) to be 65 nmm at the spawning site at RK
261 on the Snake River. This value was assunmed to be
representative cf the spawning sites at RK 257.

Two threshcld scour criterion values were used to determ ne
whet her redds wculd be damaged by scour at high flows. A
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threshold scour criterion of 0.03 indicates the initial novenent
of the | oose substrate on the surface of a redd while a threshold
scour criterion of 0.06 indicates novenment of the conpacted
substrate of the redd (Arnsberg et al. 1992). Two nodel runs
were nmade to determ ne nodel sensitivity to the scour criterion.
Cells with criterion values greater than 0.03 or 0.06 were
removed from cal culations cf spawning habitat availability.

The sumed area of all cells passing through the five
filters (slope, depth, velocity, substrate, and scour) is
referred to as total effective area. The validity of tota
effective area estimates was checked by conparing the proximty
of known fall chinook salnon redds to the location of cells that
were predicted as total effective area. W used the 15 KCFS
di scharge calculated for the 1991-1993 spawning period for
val i dati on

Once the above process was validated, we proceeded to
sinulate total effective area for 11 KCFS, 14 KCFS, 18 KCFS, 23
KCFS, and 25 KCFS. W used |F4 and HABTAE (M1 hous et al. 1989)
to nodel multiple flows and predict total effective area using
all five filters. HABTAE uses |IF& output to sinulate tota
effective area for spawning over a specified range of flows based
on suitable depths, velocities, and channel index. W used the
substrate code as channel index unless that cell had a latera
sl ope greater than 5% or was predicted to scour. Al cells wth
unsui table lateral slope were given a channel index value of 99.9
in the |FA data decks while those that had suitable |atera
sl ope but were predicted to scour were given channel index val ues
of 11.1. HABTAE was then run for the validation flow (15 KCFS)
and the sinulated flows (11 KCFS, 14 KCFS, 18 KCFS, 23 KCFS, and
25 KCFS).

The nodel output for the sinulated flows was then graphed to
show how habitat changes with flow.  The maxi mum value fromthis
graph was used as the denom nator when cal culating the percent of
maxi mum habi tat being provided under each sinulated flow.

Seeding level and production potential of each habitat type
nodel | ed was estimated bK dividing tctal effective area for each
simulation by 35.7 m* (the average area required for a fal

chi nook sal non redd based on data from five Colunbia R ver sites;
Swan 1989).

Resul ts
Spawning Habitat Moddling
The area available in each habitat type that was predicted

to be usable for fall chinook spawning was first reduced by
elimnating those cells that had |ateral slope greater than 5%
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(Table 1). In the shallowwater-transitional habitat, 26% of the
total wetted area represented by the spawning cross sections was
elimnated using only the slope criterion, while 51% of the

shal | ow-water-lateral habitat and 44% of the deep-water-
transitional habitat were elimnated. As lateral slope is

i ndependent of flow, the cells that were elimnated at the
validation flow were also unsuitable at other flows.

Table 1. -Usable area statistics for fall chinook sal non
spawning after cells with lateral slopes > 5% were renoved. Data
are presented by habitat type including shallow water-
transitional (SW;, RK 257 cross sections 2, 2.1, and 3), shallow
water-lateral (SW; RK 261 cross section 4), and deep-water-
transitional (DW;, RK 267 cross sections 1 and 1.1).

Habitat type Wtted area Total usable Percent of wetted
{m~) area (m") area usable
SWr 43000 32000 74
SW 14500 7100 49
DWI 217C0 12200 56

The remaining area in each habitat type was then filtered
for suitable depths, velocities, and substrate at the validation
flow cf 15 KCFS (Table 2). In the shallowwater-transitiona
habitat type, 11% of the total wetted area represented by the
Spawni ng cross sections renmmined potentially usable after cells
with unsuitable lateral s o depth, velocity, or substrate were
el i m nat ed. In the shallowwater-lateral habitat type, 17% of
the wetted area was potentially usable after these filters were
applied, while in the deep-water-transitional habitat type, 27%
o the wetted area renmined potentially usable. Depth and
velocity are dependent on flow, thus the usable habitat available
at the simulation fiows may differ from the anount avail able at
the validation flow.

Finally, those cell s predicted to scour at 41 KCFS were
renoved from consideration as suitable habitat. Two separate
scour criteria were examned: a scour criteria of 0.03 indicating
initial novenent cf |oose substrate and a scour criteria of 0.06
i ndi cating scour cf conpacted gravels (Table 3). Using the 0.06
criterion none 0f the cells predicted as usable at the
validation flow will have scour of the conpacted gravels in any
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of the habitat types (Tables 2 and 3). However, when cells with
| oose gravel scour (6. = 0.03) were elinmnated from consideration
as potential fall chinook spawning habitat, the total effective
area at the validation flow was reduced to 9% of the total wetted
area in the shallowwater-transitional habitat type, 0% in the
shal | ow-water-lateral habitat type, and 6% in the deep-water-
transitional habitat type.

Table 2. -Usable area statistics for fall chinook sal non
spawni ng after cells which were predicted to have unsuitable
depth, velocity, or substrate at 15 KCFS are renoved. Data are
presented by habitat type including shallowwater-transitiona
(SWI, RK 267 cross sections 2, 2.1, and 3), shallowwater-latera
(SW; RK 261 cross section 4), and deep-water-transitional (DW;
RK 267 cross sections 1 and 1.1).

Habitat type Wtted area Total usable Percent of wetted
(m?) area (m?) area usabl e
SWI 43000 4900 11
SW 14500 2500 17
DWI 21700 5800 27

Table 3.-Total effective area statistics for fall chinook
sal ron spawning sinulated at 15 KCFS (the nedian flow during the
24 Cctober - 7 Decenber 1991-1993 tine period). Data are
presented by habitat type including shallowwater-transitiona
ISWI'; RK 267 cross sections 2, 2.1, and 3), shallowwater-latera
(SW; RK 251 cross section 4), and deep-water-transitional (DA;
RK 267 cross sections 1 and 1.1).

Habitat type Shei | ds Wet t ed Tot al Per cent of
scour ar ea effective wetted area
criterion (m?) area (m?) usabl e
SWI 0.03 32000 4100 9
0. 06 32000 4900 11
SW 0.03 14500 0 0
0. 06 14500 2500 17
DWI 0.03 21700 1300 6
0. 06 21700 5800 27
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validation consisted of comparing areas predicted to contain
effective spawning habitat to the surveyed location of actual
£a-1 chinock salmon redds and showed that model accuracy was high
in all three habitat types. All fall chinook salmon redds
located since 1991 at RK 261 were wholly or partially in cells
predicted as total effective area (Figure 2). The one cell which
did not contain redds appeared suitable for spawning, to the
trained observer, and may support spawning under higher adult
escapement levels. Similar accuracy was achieved for the RK 267
site, except when the cross sections were above or below usable
gravel {cross section three; Figure 3), or under logistical
cons-—raints caused when gaging at cross section one. Cross

section one is located at the site’s hydraulic control and was
through a narrow fast-moving tongue which caused vertical spacing
tc be wide. This error was corrected at a later date, but is not

presented in this analysis.

The simulated fiows were then modelled and total effective
area was predicted for the three hapitat types. The total
effective area in the shallcw-water-transitional habitat (RK 267)
zype did not vary with flow over the range of flows simulated.
Shps-vate and lateral sloce were the limiting filters at this
site, neither of which were affected by flcw. 1In zhe sghallow-
warer-lateral habitat type (RK 261}, tctal effective area peaked
ar 14 KCFS to 22 KCFS when a scour criterion of 0.06 was used.
t

When the scour criterion cf 0.03 was used, none of the area was
predicted to be usable. The total effective area of deep-water-
tvarsitional hakitat peaked at 18 XCFS when a scour crizerion of
C.C6 was used. Hcowever, no peak was evident within the range of
f1ows modelled when we used a scour critericn of £.03 (Tables 4
and Si.

Discussion

~he use of the HABTAT (replaced by HABTAE in 19%4) model has
been criticized in the past as being an inaccurate tool for
modelling chinock salmon spawning habitat. Shrivell (1990) found

that HABTAT cften cver predicted spawning hapitat by 2C0-6C0%.
Arnsberg et al. {1992) used HABTAT to predict that 61 xm of the
Clearwater River in Idaho could suppcrt 95,C0C fall chinook
salmon redds. The inflation in the above redd estimate was
rraced to three sources including: 1! predicting usable spawning
habitat in large mainstem rurns with armored gravel; 2} counting

charnel reaches with steep lateral slicpes as habitat; ard 3!

courting areas that might scour prior to fry emergence. We
cooperated with Arnsberg et al. f1992) to re-analyze the
Clearwater River data to caiculate total effective area. The re-

analysis reduced the redd estimate fyem 95,000 to 3,600 and the
oredicted redd distribution by river kxilcmeter mirrored the
his-oric distribution since 1988. Shrivell {13%90) also pointed
cut HABTAT's tendency to predict spawning habitat in areas which
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Figure 2.- Validation of mo”elling accuracy in lateral bar spawging_habitgt of Snake
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Figure 3.- Validation of nodelling accuracy in shallow (cross

sections 2, 2A and 3) and deep (cross sections 1 and 1A water

transitional spawning habitat of Snake River fall chinook sal non.
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Table 4.-Total effective area (TEA) statistics for fall chinook
sal non spawning sinulated at 14 KCFS, 18 KCFS, and 23 KCFS (95%
75% and 50% exceedance flows since 1967) and at 11 KCFS and 25
KCFS. Athreshold Sheilds scour criterion of 0.06 (6. = 0.06) was
assuned. Data are presented by habitat type including shallow
water-transitional (SW; RK 267 cross sections 2, 2.1, and 3),
shal lowwater-lateral (SW,; RK 261 cross section 4), and deep-
water-transitional (DW;, RK 267 cross sections 1 and 1.1).

Habi t at Flow Wtted TEA Per cent of Esti mat ed
type (KCFS) a(lrrnsz)a (m*)  maxi mum habi t at redd nunber
SWI 11 41900 4930 100% 138
14 42800 4930 100% 138
18 44300 4930 100% 138
23 45600 4930 100% 138
25 46100 4930 100% 138
SW 11 13000 1850 75% 52
14 14300 2480 100% 69
18 15900 2480 100% 69
23 18400 2480 100% 69
25 18700 1720 69% 48
DwWr 11 20900 5820 88% 163
14 21600 5820 88% 163
18 22400 6640 100% 186
23 22900 5200 78% 146
25 23000 5200 78% 146
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Table 5. -Total effective area (TEA) statistics for fall chinook
sal non spawning simulated at 14 KCFS, 18 KCFS, and 23 KCFS (95%

75% and 50% exceedance flows since 1967) and at ii KCFS and 25
KCFS. A threshoid Sheilds scour criterion of 0.03 (6. = 0.03) was
assumned. Data are presented by habitat type including shallow
water- transitional |[SW; RK 267 cross sections 2, 2.1, and 3),

shai low-water-lateral (SW; RK 261 cross section 4), and deep-
wat er-transitional (DW; RK 267 cross sections 1 and 1.1).

Habi t at Flow Wetted TEA Percent of Esti mat ed
type IKCFS) zjlrrnga\a {m*) maxi mum habi t at redd nunber
SWI 11 41 900 4070 100% 114
14 42800 4070 100% 114
18 44300 4070 100% 114
23 45600 4070 100% 114
25 46100 4070 100% 114
SW 11 13000 0 - 0
14 14300 0 - 0
18 15900 0 3
23 18400 0 - 0
25 18703 0 0
DWI 11 20900 1270 61% 36
14 21600 127C 61% 36
18 22400 2090 100% 59
23 2290c 2090 ic) % 59
25 23000 2090 | OC% 59

36



never supported spawni ng. This was not true of the O earwater
River re-analysis, which in nost cases, predicted usable habitat
in the proximty of former fall chinook sal non redds.

W made estimates of fall chinook sal mon spawni ng habitat
and potential redd nunber for two sites conposed of three habitat
types in the Snake River. The estimates appeared believable and
were the result of careful application of the slope, scour, and
bi nary spawning criteria (velocity, depth, and substrate)
filters. Each filter functioned to reduce spawnable area
estimates increnmentally. Lateral slope reduced the area for fal
chinook sal non spawning from 26-51% dependi ng upon the habit at
type nodelled. An additional 28-63% of the renmaining avail able
area was elimnated from consideration as total effective area
based on velocity, depth, and substrate criteria. The. accur acy
of the calculated total effective area appeared good based on the
ability to predict the locations of actual fall chinook sal non
r edds. Cases of inaccuracy resulted primarily from placing
spawni ng cross sections up or down stream of usable substrate or
nmeasurement error associated with conplex norphology. In
addition, the nmpbdel assunes that the conditions within a cell are
constant up and down river and that they match the conditions at
the cross section. Qobviously, this is an oversinplification of
the river. Thus, suitable spawning habitat and observed redds
may occur within a cell that the nmpbdel predicts as unsuitable and
vice versa. Additional data collection and analyses in upconi ng
years will further refine the calculation of total effective
ar ea.

The calculation of total effective area was very sensitive

to the selected scour criterion (0.03 or 0.06). The selection of
scour criteria was based upon values in the literature but needs
to be refined for each particular reach of river. One exanpl e of

nodel sensitivity to the value of scour criterion was a reduction
of total effective area from5,820 m* to 1,270 m* (163 redds to

36 redds) for deep-water-transitional habitat. Deepwat er
spawni ng has al ways been suspected in the free-flow ng reach of
the Snake River but not to the extent docunented in 1993 (Garcia
et al. in this report). There are over 90 potential deepwater
spawning sites in the Snake River from about RK 250 to RK 395
(Phil Goves, [PCo, personal conmunication). Docunenti ng scour
nmechanisns will be critical to understanding the production
potential of the deepwater sites in the Snake R ver.

Total effective area does not appear to be particularly
sensitive to flow throughout the range of flows sinulated. Thi's
may in part be due to overly broad binary criteria for the flow
rel ated phenonena of depth and especially velocity. Spawni ng
suitability criteria have been studied in detail for chinook
salmon in shallow water areas of mminstem rivers (Hanpton 1988,
Arnsberg et al. 1992, Goves 1993). A paucity of information
exi sts for deepwater spawning in the Snake R ver (G oves,

37



unpubl i shed data). The neasurenent of nean water colum and
facing velocities over the deepwater redds and the cal cul ation of
a regression equation tc calculate facing velocity in HABTAE
woul d increase the accuracy of total effective area predictions.
Specific binary criteria for habitat type may further increase
nodel | i cg accuracy. The 2.0 nis velocity criterion used as the
upper end of the suitable velocity range in this analysis was
partially responsible for the lack of a marked response in tota
effective area as higher flows were nodelled. A deepwater
habitat, wth nmean columm velocities of 2.0 nls, may be used by
spawni ng fall chinook salnon because the velocity experienced by
the fish near or at the bottom of the river may be substantially
less than the nmean columm velocity. Conversely, the sane
velocity over a lateral bar may inhibit redd construction because
of a shallower boundary | ayer. The binary spawning criteria
should be refined in future years by habitat type.

Finally, if our nodelling results hold river wide, then the
three habitat types (two sites) we nodelled are probably
under seeded. The two sites, representing at nost 8 km of river,
were predicted to accommodate about 370 fall chinook sal non redds
at i4 KCFS. Under current escapenent |levels, there are generally
| ess than 50 redds counted in this river reach in a high
escapenment year (Garcia et al. in this report). Concerns that
spawni ng habitat availability is limting natural fall chinook
sal non production are probably unfounded.

In conclusion our findings during 1993 indicate: (1)
estimates cf fall chinook sal non spawni ng habitat can be nade
using hydraulic and habitat nodels; and (2) fall chinook sal non
spawni ng habitat in the free-flow ng reach of the Snake River is
under seeded. Finally, the information we have presented in this
chapter will be nodified upon the analysis of additional data.
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I ntroducti on

The understandi ng of Snake River fall chinook sal non
Oncorhynchus tshawytscha rearing and emgration has steadily increased
over the past three years. Wen Snake River fall chinook sal non
were listed as a threatened species under the Endangered Species
Act (ESA; NMFS 1992) in 1992, nuch of the contenporary
information on these subyearling em grants was based on our 1991
and 1992 research (Connor et al. 1993, 1994). The purpose of our
study is to increase the information on naturally produced Snake
River fall chinook salnmon juveniles for ESA recovery efforts.
cur objectives in 1993 were: (1) to describe the early life
history and emigration timng of naturally produced fall chinook
salnon from the Snake and Cearwater rivers, and (2) to estimate
the influence of water flow, water tenperature, and juvenile fall
chi nook sal non size on emigration rate.

Study Area

The study area in 1993 included the Snake and the C earwater
rivers (Figure 1). Data were collected on the Snake R ver from
RK 176 in Lower Ganite Reservoir to Two Corral Creek at RK 355.
Data were collected on the Cearwater River from RK 14, near Hog
Isles, to RK 34 below Cherry Lane Bridge. Mean daily Snake River
di scharge at the United States Geol ogical Survey (USGS) gage at
Anat one, Washi ngton (RK 270) ranged from about 27.3 to 118
t housand cubic ft/s (KCFS) during sanpling (Figure 2). Mean
daily water tenperature collected at Billy Creek (RK 265) ranged
fromabout 9 to 19°C during sanpling (Figure 2). Man daily
Clearwater River discharge at the USGS gage at Spal ding, |daho
(RK 19) ranged from about 11.7 to 26.9 KCFS during sanpling and
wat er tenperature at RK 10 ranged from about 11.7 to 14°C (Figure
23.

Met hods
Data Collection

Systematic samples. Ei ght sanple sites below RK 251 (Table 1)

were systematically beach seined from 6 April until 20 July.

Each site was visited about once a week and normally seined three
times in an upriver direction; each consecutive set started where
the previous one ended. The beach seine had a weighted

mul ti stranded nudline, 0.48 cmnmesh and was 30.5 mx 1.8 mwth a
3.9 m* bag. Each end of the seine was fitted with a brail

wei ghted at the bottom and attached to 15.2 m | ead ropes. The
seine was set parallel to shore fromthe stern platformof a 6.7
mjet boat. The net was then hauled straight into shore by both
| ead ropes. The net sanpled approximately 465 m* to a depth of

42



WASHINGTON

7/

Lt Lower N
ittle ; )
Lower Goose gr a;m te N
Monumental Dam ) Clearwater I
Dam River Dworshak k
Columb}a Tucannon Dam J
River River '
Ice Harbor Dam \
___________ - /I
!
McNary Grande Imnaha Salmon / .-
an . .
Dam Ronde River River -~_.f \1
River ¥
|
Hells Canyon AN
OREGON Dam ;
\
Oxbow Dam -
Brownlee Dam
Snake
Lower Granite River IDAHO
: Swan Falls
| Dam
: C.J. Strike Lower Salmon
, Dam Falls Dam
; Upper Salmon Falls
Anatone (RK 270) i Bliss Dam
! Dam
: Shoshone
Falls
Salmon River
Hells Ca D.
‘;U( 39!81yon o
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Table 1.-Sites and dates for systematic seining of fall chinook
salmon juveniles in the Snake River in 1993.

Ri ver Shor e Dat e
ki | onet er range
226 Vst S-April to 20-July
229 East 6-April to 20-July
232 East 6-April to 20-July
242 East 6-April to 20-July
242 Vst 6-April to 20-July
248 Vst 6-April to 20-July
251A East 6-April to 20-July
251B East 6-April to 20-July

1.8 m There was no systematic sanpling of the Cearwater River
in 1993.

Supplemental sanples.-In addition to seining at the eight
systematic sanpling sites in the Snake River, supplenental
sanples were also collected to increase the nunber of PIT-tagged
chinook salnon for emgration anal yses. There were about 65, 5,
and 30 supplenental sites in the Snake River, Cearwater R ver,
and Lower Ganite Reservoir, respectively. Suppl emental sites
were simlar to our systematic seining sites in that they were
characterized by low velocity and had mninmal obstructions for
| andi ng a beach sei ne. Suppl enental sanpling effort was highest
around the peak of the systematic catch. Sanpling in the
Clearwater R ver and Lower G anite Reservoir was done
cooperatively with the Nez Perce Tribe and University of |daho,
respectively.

Anesthetic.-Once seined, chinook salnon were transferred to a
94.6 L oxygenated live-well supplied with water at river
tenperature, 100 g of Nad, and 12.5 nL of Polyaqua. Al chinook
sal mon were anesthetized in an 18.9 L bucket containing a dilute
tri cane nethanesul fonate (Ms-222) solution (10-26 ng/L), which
was buffered with 0.5 gm of NaHCO,. Chinook sal non were
anesthetized in groups of 6-10 fish.

In-season race identification.-We cal cul ated a size limt to separate
the snaller subyearling chinook salnon juveniles "in-season" from
| arger yearling chinook salnmon in the Snake River. The size
l[imt was calcul ated based on water tenperature, projected fry
energence dates, and projected growh rate. Water tenperature
data for the size limt calculation were collected in the Snake
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River at Chalk Creek (RK 303) and Billy Creek (RK 265). These
tenperature data were used to project the beginning of fry
energence at 895 Celsius tenperature units (CTU) after the first
redds were counted in 1992. For the size limt calculation
energent fry were estimated to be 38 mm fork length (FL)

(Arnsberg et al. 1992), and estimated to have a growth rate of

1. ¢ nmd. Enmergence timng had to be projected separately for

chi nook salmon juveniles codlected above and bel ow the Sal non
River confluence because of differences in water tenperature. W
cal cul ated the upper fall chinook salnmon size limt in Table 2
using water tenperatures from RK 303. The lower fall chinook
salmon size limt in Table 2 was cal culated using a 60 nm m ni mum
tagging size (MCann et al. 1993) and water tenperatures from RK
265. There was no size limt calculated for the Cearwater R ver
in the absence of water tenperature data. Therefore, the
energence timng of fall chinook salnon in the Cearwater R ver
was estimated to occur fromlate May to early June based on
Arnsberg et al. (1992). W started sanpling the Cdearwater R ver
on 1 July when nost of the fall chinook salnon were estimated to
be 50 mm FL based on a presunmed growh rate of 1.0 nmm d.

Table 2. -Wper and lower size limts calculated for in-season
race identification of chinook salnbn seined in the Snake River,
1993.

Estimated fall chinook salnon size by date

Li i t

04-May |1-May 18-May 25-May 01-Jun 08-Jun 15-Jun 22-Jun
Upper 63 70 77 84 91 98 105 112
Lower 60 60 60 60 60 60 60 60

PIT tagging-Chinook salnon within the size limts defined in
Table 2 or had the sharper body features and smaller eyes we
noted in fall chinook salnon during 1991 were tagged with a
Passive Integrated Transponder (PIT) tag (Prentice et al. 1990a).
Tags were disinfected with 70% ethyl alcohol and blotted dry
prior to insertion into the fish. Chinook salnmon juveniles were
i mobilized by placing themin a cool, wet, notched foam pad.
Tags were manually inplanted with a 12 gauge needle affixed to a
syringe. After tagging, we transferred the fish to an oxygenated
18.9 L recovery bucket filled with saline water (20 gm NaC) and
12.5 nL of polyaqua. The salnon were held in the recovery bucket
for 15 min prior to release after tagging.
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PIT-fug data.-The data collected from the PIT-tagged chinook
sal non juveniles were recorded in conputer files (PIT Tag Wrk
G oup 1993) and uploaded to the PIT Tag Information System
(PITAG S!. Em grating chinook salnon juveniles that bypass Lower
Granite Dam turbines are nonitored for PIT tags (Prentice et al.
1990b) . Both PIT-tagging and PIT-tag detection data are
available to interested parties through PlITAG S.

Electrophoresis.-A subsanpl e of the PIT-tagged chinook sal non
detected at Lower Granite Dam were diverted by a hydraulic slide
ate, scanned for tag codes, and neasured by Snolt Monitoring
rogram (SWP) personnel. Wen our tag codes were detected in
chinook sal non, a scale sanple was taken for aging (Jerald 1983)
and the fish was | abel ed and frozen. The Washi ngt on Depart ment
of Fisheries (WF) validated the race of the frozen chi nook
sal non using tissue extracts and horizontal starch-gel
el ectrophoresis (Abbersold et al. 1987).

Dutu A nalysis

Overall subyearling collection.-Age | chi nook sal nron were separated
from subyearlings in the systematic and supplenental data (pooled
sanple) using the growh rates and size at capture of known-age
salmon from the el ectrophoretic sanple. This process invol ves
back cal culation of size over time (Connor et al. 1993 and 1994).
Subyearling chinook salnmon catch and the nunber of fish PIT
tagged are summarized by date and river Kkiloneter. Data from the
Snake River, Lower Ganite Reservoir, and Cearwater River
sanpl es were anal yzed separately.

Post-season race separation. -El ectrophoresis separated the sanple of
juvenile chinook salnon diverted at Lower Ganite Daminto two
races; fall and spring/sunmrer chinook sal non. The majority of
t he subyearling chinook salnon we PIT tagged were not
el ectrophoretically analyzed and are referred tc hereafter as
bei ng of m xed race. Average release fork iength, detection fork
length, growh rate, and emgration rate were conpared between
and anmong fall, spring/sumer, and m xed race chinook sal non
whi ch were detected at Lower Granite Dam  Analysis of variance
(ANOVA) and f-tests were used for these conparisons (P=0 0b; Zar
1984, Systat 1990). Only the Snake River sanple had adequate
nunbers of each race for these analyses. The races of fish in
the mxed race sanple were identified using data from known race
juvenil e chinook salnmon and a race separation techni que (Connor
et al. 1993 and 1994). This technique is based on back
cal cul ation of size by date and requires that the fork |ength of
the known fall chinook salnon and known spring/sunmrer chinook
salmon are different over tine.
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Emergenceandr eari ng- Fal | chi nook sal non energence timng was

estimated using only data from known fall chinook salnmon from the
pool ed Snake River sanple. The energence date of each fall

chi nook sal non was cal cul ated by subtracting 38 mm (assuned
emergence size) fromfork length at capture and dividing by an
average gromh rate of 1.4 nmmd (observed fall chinook growh
rate in 1993). This nunber was then subtracted from the Julian
date of capture to estimate energence date for each fish. Cat ch
per unit effort (CPUE) of subyearling chinook sal nmon was

cal cul ated using data collected at the eight systematic sites in
Table 1. The CPUE values were then nmultiplied by 0.42 (42% of
the salnmon in the electrophoretic sanple were fall chinook
salmon) to represent fall chinook sal non catch. Emer gence and
rearing analyses were not perforned on the C earwater R ver or
Lower Granite Reservoir sanples because there were too few fish
from these locations in the electrophoretic sanple.

Emigration rate. -Em gration rates were analyzed using Pl T-tag
data only from known fall chinook salnon (Appendix 1). Mul tiple
CGeneral Linear Hypothesis testing (M3LH SYSTAT 1990) was used to
test for relations between emgration rate and Snake River
average discharge at Lower Ganite Dam between |ast capture date
and detection at Lower Granite Dam (emigration flow), the Snake
Ri ver average water tenperature for the same tine period
(emigration tenperature), Snake River water tenperature when the
fish was rel eased (rel ease tenperature), and the fork |ength of
the PIT-tagged chi nook salnon when it was rel eased.

Resul ts
Overall subyearling collection and tugging

We captured 2,396 subyearling chinook salnon in beach seines
from6 April to 21 July, 1993 in the Snake R ver between RK 224
and RK 322 (Figures 3 and 4). O these, we PIT tagged 1, 236
between RK 224 and RK 290 (Figures 5 and 6). A total of 277
subyearling chinook salnon were seined and 146 tagged in Lower
Granite Reservoir from 26 May to 23 June between RK 176 and RK
219 (Figures 5 and 6). In the Cearwater River, a total of 554
subyearling chinook salnmon were seined from1l to 21 July between
RK 17 and RK 34. Alnost all of the 396 subyearling chinook
sal ron tagged on the Cearwater R ver were seined near RK 34
(Figures 5 and 6). A concentration of redds has been observed
i medi ately above this area since 1988.
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Figure 3~ Number of subyearlinlg chinook salmon juveniles seined by date in
the Snake River, Lower Granite Reservoir, and the Clearwater River, 1993.

49



NUMBERS

700 -

600 |-
Snake River
500 - N = 2,396

400 -
300 -
200 -
100 |-

0 224 232 240 248 256 264 272 280 288 296 303 311 319
228 236 244 252 260 268 276 284 292 300 307 315

80
70 -
60 |-
50 |+
40 |-
30
20 |
18 " il

173 177 181 185 189 193 197 201 205 209 213 217 221

Lower Granite Reservoir
N =277

400 |~ .
Clearwater River

N = 554
300 -

200 |-

100 |

o——l ——

18 22 26 30 34
RIVER KILOMETER

Figure 4.- Number of subyearling chinook salmon juveniles seined by river
kilometer the Snake River, Lower Granite Reservoir, and Clearwater River, 1993.
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Figure 6.- Number of subyearling chinook salmon juveniles PIT tagged by river
kilometer the Snake River, Lower Granite Reservoir, and Clearwater River, 1993.
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A total of 268 PIT-tagged subyearling chinook sal non were
detected at Lower Ganite Dam of which 124 were diverted and
col | ect ed. O the 124 fish collected, 116 were PIT tagged in the
Snake River, 5 were tagged in Lower Granite Reservoir, and 3 were
fromthe Cearwater R ver (Table 3). El ectrophoresis validated
67 (57.8% of the 116 fish from the Snake River sanmple as
spring/ sumrer chi nook salnmon and the remaining 49 (42.2% as fall
chi nook sal non. Spri ng/ summer chi nook sal non dom nated the
el ectrophoretic sanples from Lower Ganite Reservoir (60% 3
fish) and Cearwater R ver (67% 2 fish).

PIT tagging of both fall and spring/sumer chinook sal nmon on
the Snake River began the third week of My (Table 3). The
nmedi an dates of PIT tagging occurred during the second week of
June for both fall and spring/sunmer chinook sal non. The | ast
ei ectrophoretically validated fall chinook sal mon was tagged on
14 July, 15 d after the last validated spring/sumer chinook
Average release fork length of fall, spring/sumrer, and chinook
sal ron of m xed race averaged 74, 78, and 76 nm respectively.
The fork length when detected at Lower G anite Dam averaged 126
and 122 mm for fall and spring/sumrer chinook salnmon and their
growh rates were 1.4 and 1.3 mmid, respectively (Table 3). Fal |
chinook salnon emigrated at a rate of 2.1 kmd, spring/sumer
chinook sal mon averaged 2.5 knmd, and chinook of m xed race
traveled 2.0 knid. There were no statistically significant
di f ferences between any of the variables tested when conpared
bet ween race. The simlarities in the paraneters described
above, conbined with the conplete overlap of fall and
spring/ summer chinook salnon fork length by date (Figure 7),
precluded the determ nation of the race of any fish in the m xed
race sanpl e.

Emergence and Rearing

The energence of fall chinook salnmon in the Snake River was
estimated to occur from 16 March to 5 June with a nedian date of
17 May and estimated peak occurring on 23 May (Figure 8). Mean
weekly CPUE of fall chinook salnmon ranged fromO0.0 to 5.4 from4
April to 18 July and peaked (5.4) during the week of 13 June
(Figure 9) . Mean CPUE dropped quickly after the peak and
remai ned | ow throughout the renainder of the sanpling season.

The 1993 mean CPUE of fall chinook salnmn varied by RK with the
low [l .3] occurring at RK 251 and the high (3.0) occurring at RK
229 [Figure 10). The overall 1993 nean CPUE was 1. 2.
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Table 3.-Statistics on subyearling chinook salmon juveniles that were PIT tagged in the Snake River, Lower Granite Reservoir, and the clearwater
River prior to diversion at Lower Granite Dam for mcosurcmcnt, aging, and electrophoresis, 1993. Differences in fork lengths, growth rates, and
emigration rates were tested for using either ANOVA (three means) or a t-test (two means) at the 95% Level of significance. Note that there were no
significantly different comparisons. Data for each fish is given in Appendix 2.

Percent Release date Avcragc FL Detection date Average FL Average Average

Release Race N of sample e at release - at detection growth rate emigration rate
site by site min median max (mm; + SD)  min median max (mm; + sD) (mm/d; + sp) (km/d; * SD)

Snake River Spring/sumser 67 57.8% 18-May 08-Jun 29-Jun 78 % 13 17-Jun 06-JUL 25-Aug 122 * 16 1.3 + 0.5 2.5+ 1.6
Fall 49 42.2% 19-May 11-Jun 14-Jul 74 *+ 12 25-Jun 17-Jul 02-Sep 126 + 19 1.4 + 0.3 2.1 £ 0.9
Mixed 113 N/A 3-May 15-Jun 14-Jul 76 * 12 31-May 09-Aug 25-Oct T -—- 2.0 + 3.0
Total 229
Lower Granite Spring/summer 3 60.0% oo - . - .- --- ... .- --- ---
Reservoir Fall 2 40.0% o T T b .- .- .- .- --- ...
Mixed 15 N/A =
Total 20
Clearwater Spring/summer 2 66.7% - . - "' .- - .- T o T
River Fall 1 33.3% - - -
Mixed 16 N/A T T T e .- .- s — — —

Total 19
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Figure 7.- Fork length of subyearling fall and spring/summer chinook salmon
PIT-tagged in the Snake River, 1993.
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Figure 8.-Snake River fall chinook salmon emergence timing in 1993 back
calculated using the release size of each fish and Individual growth rates. Only

data from subyearling chinook salmon validated as fall race by electrophoresis
were used.
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Figure 9.-Mean catch per unit effort of Snake River fall chinook salmon

juveniles by sampling week, 4 April - 18 July, 1993. Only data collected below
the river kilometer 251 were used.
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Figure 10.- Mean overall catch per unit effort of Snake River fall chinook
juveniles by river kilometer, 4 April - July 18, 1993. Only data collected
below the river kilometer 251 were used. There are two sites at both river

kilometer 242 and 251 designated by E (East), W (West), A (East downriver)
and B (East upriver).
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Thr ough conbi ned sanmpling we recaptured 203 PIT-tagged
subyearling chinook salnmon (recapture rate = 16.4% Table 4).
The nunber of times an individual fish was recaptured ranged from
one to five. Recapture interval ranged fromless than 24 h to 56
d with the nost common interval being 7 d. Twenty-five PIT-
tagged subyearling chinook salnmon were recaptured downstream of
their original tagging site and none were recaptured upstream
Downstream novenent ranged from 1l to 38 km

Influence of Flow. Temperature and Size on Emigration Rate

The 49 known fall chinook salnmon took from 13 to 81 d to
arrive at Lower Ganite Dam after they were |ast seined (average
= 36 d; Figure 11). They were detected at Lower Ganite Dam
bet ween and 25 June and 2 Septenber S}Fl gure 12). Detection of
tagged fall chinook salnon at Lower anite peaked on 20 July (N
= 5) and the nedian date of arrival was 17 July. PIT-tagged fall
chinook salmon emgrated to Lower Ganite Dam at an average rate
of 2.1 kmd (range = 0.7-4.3 kmd; Figure 13).

Pearson correl ations (SYSTAT 1990) indicated there was
collinearity between emgration flow and em gration tenperature
(r = -0.930; Table 5). After renoving emigration tenperature
from the analysis, 24% of the variability in fall chinook sal non
emgration rate in 1993 could be explained by rel ease size and
rel ease tenperature (Table 6). The low R°value in Table 6
pronpted us to group the data in 5 nmFL intervals to allow
better predictive ability. Pearson correlation coefficients
i ndi cated possible collinearity between emgration flow and
em gration tenperature, emgration flow and rel ease size, and
em gration tenperature and release tenperature (r = -0.974, -
0.952, and 0.944; Table 7). After renoving emgration flow and
emigration tenperature from the analysis, based on the inportance
or release size and release tenperature fromthe results in Table
6, 89% of the variability in fall chinook salnobn em gration rate
could be explained by release temperature (Table 8).

The relation of emigration rate to the release tenperature
fcr 1993 was:

RATE = -5.019 + 0.488 RELTEMP

Where: RATE

= enmigration rate to Lower Ganite Dam (km'd) and
RELTEMP =

rel ease tenperature (°C).
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Table 4.- PIT-tagged subyearling chinook salnon juveniles
recaptured by beach seine in the Snake River, 1993.

lag code Times Release Last recapture lime Distance
recaptured interval (km)
date length  kilometer date length kilometer @

7F7DDD7772 2 27-May 68 229 18-Jun 87 229 22 0
7F7DOE3D73 1 19-May 60 229 18-Jun 70 229 30 0
7F7DE5336 2 18-May 72 280 26-May 79 280 8 0
7F7DF6573 1 27-Hay 60 229 11-Jun 73 229 15 0
7F7DOF674C 1 19-May 62 229 25-May 64 229 6 0
7F7DOF6BOF 2 27-May 64 229 16-Jun 76 229 20 0
7F7DOF6CIE 1 01-Jun 71 229 18-Jun 87 229 17 0
7F7DOF6D21 1 19-May 62 229 14-Jut 98 226 56 3
7F7DOF7063 1 17-Jun 66 242 14-Jul 86 226 27 16
7F7DOF7328 1 19-May 62 247 08-Jun 80 247 20 0
7F7D100300 3 19-mAY 60 229 18- Jun 79 229 30 0
7F7D1E6O3A 1 11-Jun 67 224 18-Jun 73 224 7 0
7F7D1E696B 1 11-Jun 72 229 22-Jun 81 229 11 0
7F7D1E696C 1 16-jUN 61 232 22-Jun 68 232 6 0
7F7D1E6A35 1 11-Jun 60 229 18-Jun 63 229 7 0
7F7D1EGF48 1 11-Jun 60 229 18-Jun 67 229 7 0
7F7D247403 1 11-Jun 70 229 18-Jun 74 229 7 0
7F7D280A57 2 17-Jun 74 242 07-Jul 92 242 20 0
7F7D312E28 1 09-Jun 66 251 16-Jul - 251 7 0
7F7D312E41 1 16-Jun 60 229 18-Jun 61 229 2 0
7F7D312F3E 1 15-Jun 87 261 29-Jun 97 251 14 10
7F7D314165 2 19-May 69 229 11-Jun 92 229 23 0
7F7D336966 2 09-Jun 81 251 29-Jun 94 251 20 0
7F7D34094A 1 02-Jun 64 229 16-Jun 71 229 14 0
7F7D340865 1 02-Jun 68 232 22-Jun 78 232 20 0
7F7D340875 1 25-May 70 229 27-May 72 229 2 0
7F7D340C38 1 09-Jun 63 229 11-Jun 65 229 2 0
7F7D340D08 1 01-Jun 76 229 11-Jun 87 229 10 0
7F7D34131A 2 27-May 61 234 08-Jun 68 234 12 0
7F7D341847 2 02-Jun 69 229 16-Jun 78 229 14 0
7F7D341D18 2 01-Jun 87 229 22-Jun 110 229 21 0
7F7D3462204 2 25-May 60 229 09-Jun 73 229 15 0
7F7D342311 1 25 -May 79 229 09-Jun 102 229 15 0
7F7D34245A 1 09-Jun 67 229 16-Jun 68 229 7 0
7F7D342940 1 25 -May 67 234 08-Jun 78 234 14 0
7F70342879 1 28-Apr 60 248 04 -May 64 248 6 0
7F7D342C78 1 25-May 66 234 27-May 67 234 2 0
7F7D347719 1 30-Jun 90 249 07-Jul 95 242 7 7
7F7D35324A 2 11-Jun 60 229 18-Jun 65 229 7 0
7F7D357C33 1 25-May 70 226 09-Jun 82 226 15 0
7F7D360735 1 25-May 61 234 27-May 62 234 2 0
7F7D36134D 1 25-May 60 234 27-May 61 234 2 0
7F70364F01 1 16-Jun 91 232 22-Jun 93 232 6 0
7F70365960 1 11-Jun 67 229 18-Jun 72 229 7 0
7F7D370A2D 1 25-May 70 234 08-Jun 85 234 14 0
7F7D372F1E 1 11-Jun 62 229 18- Jun 67 229 7 0
7F70380128 1 09-Jun 72 232 16-Jun 74 232 7 0
7F70392038 1 08-Jun 71 234 17-Jun 79 234 9 0
7F7D392147 1 09-Jun 71 229 16-Jun 73 229 7 0
7F7D392159 1 08-Jun 61 247 17-Jun 67 247 9 0
7F70392271 1 02-Jun 69 226 09-Jun 72 226 7 0
7F70392276 1 02-Jun 60 242 09-Jun 66 242 7 0
7F7D392420 2 25-May 62 229 18-Jun 82 229 24 0
7F7D39270D 1 09-Jun 73 229 16-Jun 77 229 7 0
7F7D392718 1 09-Jun 65 229 18-JIm 67 229 9 0
7F7D392742 1 25-May 71 229 11-Jun 91 229 17 0
7F7D392927 1 18-Jun 60 229 18- Jun 60 228 0 1
7F7D392937 1 29-Jun 87 242 20- Jul 100 242 21 0
7F7D3928B78 1 16-Jun 70 229 22-Jun 72 229 6 0
7F7D392C3D 1 01-Jun 76 229 09-Jun 87 229 8 0
7F7D392C3F 2 02-Jun 66 229 18-Jun 75 229 16 0
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Table 4. (Continued).

lag code limes Release Last recapture lime Distance
recaptured interval (km)
date length kilometer date length kilometer (d)

7F7D392D55 1 27-May 61 229 11-Jun 73 229 15 0
7F7D392057 1 27-May 67 234 01-Jun 70 234 5 0
7F7D392E2E 2 09-Jun 77 229 18-Jun 79 229 9 0
7F7D392E36 2 01-Jun 62 229 16-Jun 73 229 15 0
7F7D392F3C 1 01-Jun 65 229 11-Jun 73 229 10 0
TF7D392F44 1 23-Jun 107 254 24-Jun 108 254 1 0
7F7D393120 1 09-Jun 60 229 16-Jun 62 229 7 0
7F7D393131 1 02-Jun 70 242 09-Jun 73 242 7 0
7F7039322F 1 01-Jun 61 234 08-Jun 64 234 7 0
7¢7D393234 1 27-May 67 234 08-Jun 76 234 12 0
7F7D393245 1 01-Jun 69 234 08- Jun 76 234 7 0
7F7D39334E 1 09-Jun 77 229 16-Jun 80 229 7 0
7~7~393526 1 02-Jun 64 242 09-Jun 69 242 7 0
7F7D39367D 1 08-Jun 68 242 17-Jun 76 240 9 2
7F7D393739 1 01-Jun 71 229 18-Jun 91 229 17 0
7F7D39380E 1 30-Jun 94 252 14-Jut 97 226 14 26
7~7~393876 1 27-Hay 66 234 01-Jun 68 234 5 0
7F7D39391F 2 01-Jun 60 234 17-Jun 74 234 16 0
7F7D39397A 1 09-Jun 65 229 16- Jun 68 229 7 0
7F7D393A39 1 16-Jun 74 251 29-Jun 84 251 13 4]
7F7D393828 1 15-Jun 70 264 14-Jul 104 226 29 38
7F7D393B35 1 01-Jun 60 229 18-Jun 78 229 17 D
7F7D393843 1 25-May 64 234 27-May 65 234 2 0
7F7D393C19 1 25-May 67 229 09-Jun 86 229 15 0
7F7D393C49 2 25-May 60 229 16-Jun 80 229 22 0
TF7D393D4A 1 27-May 61 234 08-Jun 72 234 12 0
7F7D394039 2 27-May 70 237 08-Jun 80 234 12 3
7F7D394046 1 16-Jun 86 229 18- Jun 87 229 2 0
7F7D394156 3 02-Jun 71 229 18- Jun 74 229 16 0
7F7D39421¢C 2 09-Jun 73 229 16-Jun 78 229 7 0
7F7D39425D 2 09-Jun 62 229 18-Jun 65 229 9 0
7F7D394329 1 08-Jun 73 242 17-Jun 79 240 9 2
7F7039436C 1 02-Jun 68 229 09-Jun 73 229 7 0
7F7D396A4D 1 09-Jun 68 229 11-Jun 73 229 2 0
7F£7D396B60 2 25-May 62 229 29-Jun 84 229 35 0
7F7D396ETS 1 02-Jun 67 229 09-Jun 69 229 7 0
7F7D396F74 2 09-Jun 63 229 18-Jun 67 229 9 0
7F7D397237 1 24- Jun 78 249 30-Jun 86 249 6 0
7F7D39732C 1 01-Jun 82 234 08-Jun 92 234 7 0
7F7D397337 1 09-Jun 82 229 16-Jun 82 229 7 0
7F7D397343 2 0l-Jun 62 234 17-Jun 73 234 16 0
7F7D39736A 2 02-Jun 77 237 17-Jun 87 237 15 0
7F7D39736E 2 27-May 68 237 08-Jun 79 237 12 0
7F7D397922 1 25-May 60 234 27-May 60 234 2 0
7F7D397A36 1 27-May 66 234 08- Jun 74 234 12 0
7F7D397A61 1 29-Jun 75 242 07-Jul 81 242 8 0
7F7D397A6F 1 27-May 69 234 02- Jun 72 226 6 8
7F7D397C05 1 02-Jun 64 232 09-Jun 68 232 7 0
7F7D397C60 1 26-May 70 258 10-Jun 87 258 15 0
7F7D397D68 1 25-May 62 234 01-Jun 64 234 7 0
7F7D397E0A 1 24-Jun 79 249 30-Jun 81 249 6 0
7F7D397E20 1 09-Jun 68 229 16-Jun 75 229 7 0
7F7D397F4A 1 27-May 60 229 09-Jun 72 229 13 0
7F7D397F77 1 09-Jun 72 229 16-Jun 74 229 7 0
7F7D3A0049 1 01-Jun 63 229 09-Jun 68 229 8 0
7F7D3A0113 1 02-Jun 68 237 08-Jun 73 237 6 0
7F7D3A034A 2 02-Jun 63 242 07-Jul 92 242 35 0
7F7D3A04619 1 08-Jun 72 242 17-Jun 78 240 9 2
7F7D3A0438 1 18-Jun 78 229 14-Jul 94 226 26 3
7F7D3A074A 2 09-Jun 76 229 18- Jun 78 229 9 0
7F7D3A096A 1 01-Jun 76 234 08- Jun 84 234 7 0
7F7D3A0C32 2 01-Jun 62 229 22-Jun 74 229 21 0
7F7D3D6E4L3 1 16-Jun 74 229 18-Jun 75 229 2 0
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Table 4. (Continued).

Tag code Times Release Last recapture Time Distance
recaptured interval (km)
date length kilometer date Length kilometer d)

7F7D3E026A 1 11-Jun 62 229 18- Jun 63 229 7 0
7F7D3E2A49 1 11-Jun 76 229 18- Jun 80 229 7 0
7F7D3F3111 1 09-Jun 69 232 16-Jun 72 232 7 0
7F7D3F3545 1 09-Jun 62 232 16- Jun 64 232 7 0
7F7D3F3F28 1 16-Jun 73 229 18- Jun 73 229 2 0
7F7D3F4103 1 11-Jun 60 229 16-Jun 65 229 5 0
7F7D3F4LASLS 1 11-Jun 62 229 18-Jun 67 229 7 D
7F7D413D55 1 07-Jul 64 242 20-Jul ™ 242 13 0
7F7D420958 1 11-Jun 73 229 16-Jun 76 229 5 D
7F7D420A1C 1 11-Jun 61 229 18-Jun 66 229 7 D
7F70420B03 1 16-Jun 77 229 18-Jun 80 229 2 0
7F7D420C70 1 11-Jun 63 229 18-Jun 65 229 7 0
7F7D434E26 1 09-Jun 79 251 22-Jun 95 226 13 25
7F7D44630F 1 11-Jun 74 224 18-Jun 4% 224 7 0
7F7D45114B 5 19-May 60 229 18- Jun a3 229 30 0
7F7D451368B 1 11-Jun 63 229 18-Jun 69 229 7 0
7F7D45146A 1 16-Jun 72 229 18-Jun 72 229 2 0
7F7D451515 2 02-Jun 69 229 16-Jun 84 229 14 0
7F70451520 2 11-Jun 66 229 la-Jun 68 229 7 0
7F7D451C78 1 26-May 69 263 15-Jun 86 262 20 1
7F7D453650 1 24-Jun 96 250 30-Jun 102 250 6 0
TF7D453B4 1 1 16-Jun 102 229 18-Jun 103 229 2 D
7F70453D0B 1 11-Jun 63 229 18-Jun 65 229 7 0
7F7D453E18B 1 11-Jun 72 229 18- Jun 72 229 7 0
7FTDL53E26 1 08-Jun 74 243 07-Jul 93 242 29 1
TF7DL53ES4 1 11-Jun 74 224 18- Jun a3 224 7 0
7F7D454076 1 11-Jun 71 224 18- Jun 75 224 7 D
7F7D454616A 2 08-Jun 75 243 20-Jul 99 242 42 1
7F7D454211 1 11-Jun 64 229 18-Jun 66 229 7 0
TF7D454266 1 08-Jun 72 243 17-Jun 75 242 9 1
TF7D454453 1 08-Jun a3 243 17-Jun 90 242 9 1
7F7D454A15 1 11-Jun 73 229 18-Jun 76 229 7 0
7F7D454D79 1 G8- Jun 65 241 24-Jun 78 239 16 2
7F7D454F61 1 16-Jun 68 229 18-Jun 69 229 2 0
7F7D454F6E 1 11-Jun a3 224 18-Jun 88 224 7 0
7F70455018 1 16-Jun 77 229 la-Jun 77 229 2 0
7F7D455153 1 16-Jun 70 229 18-Jun 70 229 2 D
7F7D4L5527C 1 16-Jun 62 232 18-Jun 63 229 2 3
7F7D455338 1 11-Jun 65 224 18-Jun 68 224 7 0
7F7D45535E 1 11-Jun 62 224 18-Jun 65 224 7 0
7F7D455374 2 11-Jun 65 229 29-Jun a5 229 la 0
7F7D45544D 1 16- Jun 80 229 18-Jun 79 229 2 D
7F7D455513 1 16-Jun 79 251 29-Jun a9 251 13 0
7F7D45562F 1 11-Jun 78 229 18-Jun a2 229 7 D
7F7D455739 1 11-Jun 72 229 16-Jun 74 229 5 0
7F7D455A74 1 11-Jun 73 224 18-Jun 80 224 7 0
7F7D455A76 1 11-Jun 62 224 18-Jun 69 224 7 0
7F7D455B74 1 11-Jun 66 229 16-Jun 63 229 5 0
7F7D455C1E 1 11-Jun 62 229 18-Jun 65 229 7 0
7F7D455D0F 1 08-Jun 61 243 11-Jun 64 224 3 19
7F7D4575S5E 1 09-Jun 66 229 16-Jun 70 229 7 0
7F7D457758 1 08- Jun a2 242 17-Jun 90 240 9 2
7F7D457847 3 27-May 64 229 18-Jun 81 229 22 D
TFTD457A3A 1 02-Jun 66 229 09-Jun 69 229 7 0
7F7D457879 1 02-Jun 62 229 04-Jun 62 227 2 2
7F70457D38 1 02-Jun 62 229 16-Jul 65 229 14 0
7F70457D3D 1 DI-Jun 66 229 16-Jun 77 229 15 D
7F7D4L57D7D 1 27-May 60 234 08-Jun 70 234 12 0
7F7DL5S7E3E 1 09-Jun 79 229 16-Jun 81 229 7 0
7F70460129 2 02-Jun 64 229 16-Jun 71 229 14 0
7F70460438 1 02-Jun 68 232 16-Jun 75 229 14 3
7F7D460626 1 01-Jun 63 229 11-Jun 73 229 10 D
TF7D46084C 2 01-Jun 67 229 18-Jun 78 229 17 0
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Table 4. (Continued).

Tag code limes Release Last recapture Time Distance
recaptured interval (km)
date Length kilometer date Length kilometer (d)

7F7D4L6091F 2 27-May 69 234 08- Jun 80 234 12 0
7F7D461278 3 25-May 62 229 18-Jun 81 229 24 0
7F70461410 1 25-May 63 229 02- Jun 69 229 a 0
7F7D461508 1 25-May 65 229 01-Jun 68 229 7 0
7F7D461611 3 25-May 62 229 la-Jun 7 229 24 0
TF7D472221 1 11-Jun 68 229 la-Jun 68 229 7 0
TF7D472978 1 16-Jun 70 229 29- Jun a2 229 13 0
TF7D4LA222A 1 08-Jun 63 234 17-Jun 69 234 9 0
T7F7D4A232A 1 02-Jun 77 251 29-Jun 103 251 27 0
7F7D4A2514 1 11-Jun 60 229 18-Jun 63 229 7 0
TF7DLA2766 1 11-Jun 68 229 la-Jun 70 229 7 0
7F7D4A2D19 1 16-Jun 75 232 22-Jun 78 232 6 0
7F7D4A3260 2 25-May 67 229 22-Jun 102 229 28 0
7TF7D4LA332A 1 19-May 67 229 27-May 69 229 a 0
7F7D4A380A 4 19-May 60 229 18-Jun 76 229 30 0
7F7D4AL037 1 16- Jun 68 229 la-Jun 68 229 2 0
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Figure 11.- Number of days PIT-tagged Snake River fall chinook salmon
were at large in 1993 before detection at Lower Granite Dam.
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Figure 12.-PIT-tag detection numbers for fall chinook salmon juveniles
released in the Snake River, 1993.
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Figure 13.-Emigration rates of PIT-tagged Snake River fall chinook salmon
detected at Lower Granite Dam, 1993.
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Table S.-Pearson correlation nmatrix for

the emgration rate

anal ysis of Snake River fall chinook salnon juveniles, 1993.
M GRFLOW M GRTEMP RELSZ RELTEMP
M GRFLO 1. 000
M GRTEMP -0.930 1. 000
RELSZ -0. 347 0. 309 1. 000
RELTEMP -0.526 0.521 0.571 1. 000
Tabl e 6.-SYSTAT nultiple regression output (forward

stepwi se) for relation anpong
rel ease tenperature (RELTEMP)
were collected by PIT tagging
juveniles, 1993.

emgration rate (M GRRATE),
and rel ease size (RELSZ).
Snake R ver fal

Dat a
chi nook sal non

DEP VAR=RATE N=49

MULTPL R=0.494

SQUARED MULTPL R=0. 244

ADJUSTED SQUARED MULTPL R=.211 STD ERROR OF ESTI MATE=0. 799

VARI ABLE CCEF. STD ERROR  STD COEF. TOLERANCE T P(2 TAIL)
CONSTANT -2.531 1. 507 0. 000 -1.679 0. 100
RELSZ 0. 021 0.011 0. 293 0.674 1.878 0. 067
RELTEMP 0. 207 0.123 0. 264 0.674 1.687 0. 098
ANALYSI S OF VARI ANCE
SOQURCE SUM OF- SQUARES DF  MEAN- SQUARE F- RATI O P
REGRESS| ON 9. 468 2 4.734 7.412 0. 002
RESI DUAL 29. 380 46 0. 639
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Table 7.-Pearson correlation matrix for the emgration rate
anal ysis of Snake River fall chinook salnon juveniles using data
grouped in 5 mm FL intervals, 1993.

M GRFLOW M GRTEMP RELSZ RELTEMP
M GRFLO 1. 000
M GRTEMP -0.974 1. 000
RELSZ -0. 660 0. 562 1. 000
RELTEMP -0. 952 0. 944 0.726 1. 000

Tabl e 8.-SYSTAT multiple regression output (forward
stepwi se) for relation anobng emgration rate (M GRRATE),
rel ease tenperature (RELTEMP), and rel ease size (RELSZ). Dat a
were collected by PIT tagging Snake R ver fall chinook sal non
juveniles, 1993.

DEP VAR=RATE N=7 MULTPL R=0.941 SQUARED MJULTPL R=0.885
ADJUSTED SQUARED MULTPL R=.862 STD ERROR OF ESTI MATE=0. 190

VARI ABLE  CCEF. STD ERROR  STD COEF. TOLERANCE T P (2 TAL)

CONSTANT -5.019 1.173 0. 000 -4.279 0. 008
RELTEMP 0. 488 0.079 0.941 1. 000 6. 204 0. 002

ANALYSI S OF VAR ANCE

SOURCE SUM OF- SQUARES DF  MEAN- SQUARE F- RATI O P
REGRESS| ON 1.396 1 1.396 38. 486 0. 002
RESI DUAL 0.181 5 0. 036
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Di scussi on

Snake River fall chinook salnon fry energence was a mid-to-
|ate spring event from 1991-1993. Button-up fall chinook sal non
fry have been present in the seine catch fromlate March to about

the second week of June during all three years of sanpling. Pr e-
season energence estimates in 1991 and 1992 did not account for
the entire energence range seen in the Snake River. Theref ore

in 1993, we adjusted the tenperature units used in these pre-
season energence estinmates to 859 CTUs. This adjusted range
provided a reasonable estimate that covered the observed dates of
button-up fry capture in 1993. The deviation from 962 CTUs for
Snake River fall chinook sal nobn energence (Arnsberg et al. 1992)
may be due to undetected |ate spawning or spawning in tributaries
(Garcia et al. in this report).

Fol I owi ng energence in 1993, fall chinook salnon reared in
nearshore areas of the Snake River fromearly March well into
July with peak nunbers being found in md-June. The nearshore
rearing pattern in 1993 was simlar to that of 1991, but was rmnuch
ater than in 1992 when flows dropped sharply in May acconpanied
by high tenperatures and an abrupt drop in CPUE Fidelity to
individual rearing areas prior to emgration was denonstrated in
both 1991 and 1992. The recapture of PIT-tagged fall chinook
salmon in 1991 and 1992 was about 8% and 7% respectively. The
majority were recaptured at sites where they were initially
t agged. In 1993, 16.4% of PIT-tagged subyearling sal non were
recaptured, nostly at their original site of tagging. The
increase in the percent of fish recaptured in 1993 nay be
attributed to higher survival during PIT taggi ng procedures due
to cooler tenperatures during tagging. In addition, cooler water
tenperatures during rearing may have increased nearshore
residence time or decreased nortality due to predation. At
cooler water tenperatures, predators such as snallnmouth bass
Micropterus dolomieui may not be as active and exert |ess predation

pressure on fall chinook salnon (Curet 1993).

The arrival of fall chinook salnon at Lower G anite Dam was
a md-sumer event in 1993 as it was in 1991 and 1992. The 1993
PIT-tag detection pattern for fall chinook salnon at Lower
Granite Dam was bell-shaped and distributed nostly through July

with a few detections in June, August, and Septenber. Thi s was
the result of collecting nmost of the 124 sal non used for
el ectrophoresis by the beginning of August. Therefore, the fal

chinook salnon that were electrophoretically validated represent
predom nantly early to md-season mgrants. There were numerous
detections of mxed race subyearling chinook salnmon in August

t hrough Septenber but the proportion of those fish that were fal
chi nook sal non is unknown.
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Fall chinook salnon emgration rate was analyzed in 1993
using data only fromthe 49 known fall chinook sal non.
Em gration rate (2.1 kmid) was simlar to that of 1991 (2.3 knid;
Connor et al. 1993) but was slower than in 1992 (3.6 knid; Connor
et al. 1994). It is possible that the faster emgration rate in
1992 was due to the truncated detection pattern of PIT-tagged
fall chinook salnon at Lower Ganite Dam the 1992 data set
| acked late arriving, presumably slow m grants. However, the
emgration rate of the first half of the 1991 run, calcul ated
after adjusting for a mnimum mgration size of 85 mm was stil
slower than the overall 1992 average. This finding was sonewhat
counter intuitive since the 1992 emgration rate was a product of
a low fl ow year. However, the warner water tenperatures in 1992
may have accelerated snoltification or initiated behaviora
changes that may have led to increased em gration rates.

Assuming fall chinook salnon em gration behavior evolved
under decreasing sumer flows when water is warmng rapidly, we
suggested that the fall race nay have evolved to respond to nmajor
changes in the pattern of flow and tenperature to survive (Connor
et al. 1994). However, it remains unclear how and to what degree
t hese variables influence mgration behavior and survival
Statistical analyses of the relationships between emgration rate
and environnmental and biological variables have produced m xed
results. The 1993 emigration rate analysis indicated that
rel ease tenperature had the greatest effect on emgration rate of
PI T-tagged fall chinook salnmon followed closely by rel ease size.
Flow did not appear to have a signifi cant effect on emgration
rate in 1993. Conversely, our 1992 anal yses suggested under |ow
flow, warm water years that augnenting sumrer flows to 50 KCFS at
Lower Granite Dam increases fall chinook salnmon emgration rate
(Connor et al. 1994). The | ow nunbers of fish recovered at Lower
Granite Dam unknown fish guidance efficiencies (FGE), and
untested assunptions regarding rearing and emgration act to
increase the variability surrounding emgration rate estinmates.
Collecting additional data under a w der range of environnmenta
conditions nmay increase the precision of emigration rate
estimates and further clarify the relation between fall chinook
sal non survival, flow, and tenperature

In summary, we seined 2,396 subyearling chinook salnon in
t he Snake River, 277 in Lower Ganite Reservoir, and 554 in the
Cearwater River in 1993. W PIT tagged and rel eased 1,236, 146
and 396 of the above fish in each respective |ocation. W chose
to analyze only fall chinook data fromthe Snake River in this
report. Only 42% of the subyearlings tagged in the Snake R ver
and collected at Lower Ganite Dam were fall chinook sal non based
on el ectrophoresis. Estimated fall chinook salnmon fry energence
ranged from 16 March to 5 June with a 23 May peak. Weekly CPUE
of fall chinook averaged 1.2 (range 0.0-5.4) and peaked on 13
June. W tagged fall chinook salnon in the Snake River from 28
April through 21 July with a 9 May peak. About 16.4% of all
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t agged subyearling chinook salnon were recaptured by beach seine;
nost at the original site of tagging. Mean emigration rate from
rel ease sites in the Snake River to Lower Ganite Dam was 2.1
kmid with a 20 July peak passage date and 17 July nedian passage
dat e. Using multilinear regression we estimated that emigration
rate was significantly influenced by release tenmperature and fish
Si ze. It is inportant to realize that the |ow popul ation |evel
of Snake River fall chinook salnon dictated small sanple sizes
for anal yses. These prelimnary analyses and interpretations
will be refined with the collection of additional data in the
future.
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I nt roducti on

Currently, little published information exists on habitat
requi rements for subyearling fall chinook sal non Oncorhynchus
tshawytscha rearing in the Colunbia and Snake rivers. Subyearling
chi nook sal nron have been reported in shoreline areas of the Snake
(Mains and Smith 1964) and Colunbia rivers (Mains and Smth 1964;
Becker 1973; Dauble et al. 1980; Dauble et al. 1989) and in
nearshore areas of the Colunbia and Snake river reservoirs
(Zi mrerman and Rasnussen 1981; Bennett et al. 1990, 1991, 1993).
Subyear!ling chinook salnon nay reside along river nmargins where
maxi mum growth is achieved through the interaction of food
resources, velocity, and tenperature (Becker 1973). The rol e of
these variables in the dispersal, rearing, and mgratory stages
of subyearling chinook salnon is unknown, but needs to be
determined to effectively conserve and enhance fall chinook

sal non popul ati ons. Furthernore, such information is necessary
to protect inportant rearing habitats during proposed actions to
nodify reservoir and riverine habitats by dredging, filling, bank

stabilization, flow managenment, and water diversion

This 1993 study is the continuation of the habitat study
initiated in 1992 (Key et al. 1994) to identify and describe the
characteristics of rearing habitats used by naturally produced
subyearling chinook salnon in riverine reaches and in main-stem
reservoirs.

Study Area

The 1993 study area included two reaches in the Col unbia
River from river Kkilonmeter (RK) 508 to RK 538 in MNary Reservoir
and from RK 563 to RK 595 in the Hanford Reach (Figure 1). The
Snake River was sanpl ed between RK 227 and RK 358 (see Connor et
al. in this report for map). River Kkiloneter information was
obtained from the National GCceanic and Atnospheric Adm nistration
for McNary Reservoir, fromthe United States Geol ogical Survey
(USGS) 7.5 minute topographic maps for the Hanford Reach, and
fromthe US. Arny Corps of Engineers (COE) navigation charts for
t he Snake River.

Met hods

Met hods for the collection and handling of fish captured in
the Snake River are described by Connor et al. (In this report).
The nethods outlined in this chapter describe the procedure for
site selection, capture, and handling of fish in the Col unbia
Ri ver reaches. Habi tat variables were nmeasured in the sane
manner for all reaches except where noted.

The sites selected were conducive to beach seining and
represent conbinations of habitat variables available to
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Figure |I. Map showing the location of MNary Reservoir and

Hanford habitat sanpling reaches. The MNary Reservoir reach
extends from RK 508 upstream to RK 538 and the Hanford Reach from
RK 563 to RK 595.
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subyearling chinook salmon. Sites were selected on both banks of
the river channel and on side channels. Both |inear and conplex
shorelines were selected in backwater and main channel areas.

Al sites in MNary Reservoir (47) and the Hanford Reach
(40) were identified by a stake placed above the high water mark.
This ensured that the sane |ocation would be sanpl ed throughout
the season and allowed for neasurenent of changes in the water
el evation at each site. Once all sites were selected, blocks
containing six or nore sites were established and the sanpling
order random zed within each block. A single seine haul was nmade
at each site in McNary and Hanford reaches during each week of
sanpl i ng. Al sites were sanpled during daylight hours. Sites
in MNary and Hanford reaches were sanpled from March to July.

Seining

The beach seine used in McNary Reservoir was 30.5 mx 2.4 m
with 0.48 cm nesh, 2.4 m® bag and 15.2 mleads. A polypropyl ene
rope was wapped around the leadline to increase its dianmeter and
reduce the incidence of snagging and collecting |arge substrate.
The seine was set fromthe bow of a 5.5 m boat by backing 15.2 m
from shore and then setting the seine parallel to the shoreline
in an upstream direction. Once the net was set, both ends of the
seine were pulled sinmultaneously to the shore by the |eads. Thi s
sanpl ed an area of about 460 m®* at each site in MNary Reservoir
The beach seine used in the Hanford Reach was of the sane design
as used in MNary Reservoir except it was 22.9 m long and sanpl ed
an area of about 345 m’.

Catch

Fi sh caught in each seine haul were processed i mediately
to minimze stress. If nore than 40 subyearling chinook sal non
were captured, a subsanple of approximately 30 were randomy
removed and processed. The subsanple was anesthetized with 26
ng/L of tricaine methanesul fonate (Ms-222), fork lengths (FL)
nmeasured to the nearest mllineter, and weights (W were recorded
to the nearest 0.1 g. Remai ni ng sal nonids and incidental fish
caught were identified to the |owest taxonom c group possible,
enunerated, and rel eased. Based on length frequency information
obt ai ned from each week of sanpling, subyearling chinook salnon
were separated from yearling chinook sal non. Mean catch per unit
effort (CPUE) and nean fork |ength of subyearling chinook sal non
were conputed per seine haul for each week of sanpling. Al
haul s were used to conpute neans for the Colunbia R ver reaches.
Only hauls nmade at systematic sites below RK 252 were used to
conpute nean catch in the Snake River. Al Snake River
subyearling chinook salnon were used in conputations with the
exception of those individuals electrophoretically identified as
spring chinook salnmon by Connor et al. (In this report). Lengt h
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and wei ght data obtained from subyearling chinook sal non were
plotted and a curve fitted by the power equation, w=alL®* (Ricker
1958).

Because all habitat seining activities were perfornmed during
daylight hours, a diel study was conducted to determne if
subyearling chinook salnon catch renained constant in the
shoreline areas during day and night. Fifteen sites along a
shoreline in Villard Slough (RK 517) in MNary Reservoir were
randomy sanpled. A total of 58 beach seine hauls were nmade over
a three day period in md Muy. Catch and light were analyzed to
determ ne whether they were significantly correlated (P < 0.05).
Mean catches were cal cul ated and grouped into day and night
categories, then statistically analyzed using analysis of
variance and Tukey's studentized range test (SAS Institute 1988).
D fferences were considered statistically significant when P <
0. 05.

Habitat Measures

Habi tat variables that fluctuated on a daily basis were
neasured for each seine haul. Light and turbidity were neasured
before each net set. Li ght was neasured above the water surface
and 0.5 m below the water surface using an International Light
1400A light neter. Turbidity of water collected 15 cm below the
surface was neasured in Nephelonetric Turbidity Units (NTU wth
a Hach 2100P turbidity nmeter. After seining each site, distance
fromthe stake to the water |ine was neasured. The m dpoi nt of
the seine site was determ ned by neasuring half the seine length
upstream from the stake. At mdpoint and 1 mfrom the shoreline
wat er tenperature was neasured to 0.1°C. Water velocity at the
m dpoi nt was neasured 7.6 mand 15.2 m from the shoreline using a
Swof f er Model 2100 or Marsh MBirney Mdel 2000 velocity neter.
Tenperature and di ssol ved oxygen at the mdpoint were neasured
15.2 mfromthe shoreline and at 1 m below the surface using a
YSI Model 59 dissolved oxygen neter.

Ther nographs were set to record water tenperatures at one
hour intervals in a main channel (RK 516.01, side channel (RK
512.0). and backwater area (RK 510.7) of MNary Reservoir.

Ther nogr aphs were set in a nmain channel (RK 568.0) and backwater
(RK 566.8) area of the Hanford Reach. Ther nographs were set 15 m
from the shoreline in approximately 2-3 m of water.

The physical characteristics of the seining sites were
surveyed after conpl eting beach seining. Depth, substrate,
enbeddedness, and vegetation were nmapped for MNary Reservoir and
Hanf ord Reach sites. Survey equi pnent was used to neasure

di stances to points where habitat characteristics were neasured
within the beach seine sites. At each point the substrate was

visual ly assessed and assigned a code according to a Wntworth
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classification nodified from Oth (1983). Descriptions for
visual ly evaluating substrate enbeddedness were obtained from
Platts et al. (1983). Aquatic vegetation was assessed for

speci es, nunbers of plants per neter, and height. Habi tat and
positional information for each point were entered into a
spreadsheet and transferred to a raster based geographic
informati on system (GYS). In @S, habitat was mapped using 1 m?
cells. Rel ative water elevation for each seine haul was

cal cul ated from the stake distance. El evation was used to
determ ne the nearest wetted row of cells which becane the

begi nning point of the beach seine. Once the shoreline point of
each beach seine haul was known, the surveyed habitat variables
were estimated using the G S record.

Resul ts

Catch of Subyearling Chinook Salmon

During the habitat study, a total of 14,105 subyearling
chi nook sal non were captured in MNary Reservoir; 18,452 were
caught in the Hanford Reach; and 719 were caught in the Snake
Ri ver systematic sites. Subyear!ling chinook sal non made up 98%
of the conbined salnmonid and incidental catch in MNary Reservoir
and 96% of the conbined catch in the Hanford Reach from March
t hrough July. Incidental fish caught in MNary Reservoir and the
Hanford Reach are reported in Appendix 3.

A total of 159 beach seine hauls in McNary Reservoir, 103
haul s in the Hanford Reach and 330 hauls in the Snake River were
made during the habitat study. Success in capturing one or nore
subyearling chinook salnon in a haul varied between reaches. In
McNary Reservoir, we succeeded in capturing subyearlings in 69%
of the hauls (109 hauls), in the Hanford Reach we succeeded in
84% of the hauls (8 hauls), and in the Snake R ver we succeeded
in 40% of the hauls (132 haul s).

The nean weekly CPUE of subyearling chinook salnon in
McNary Reservoir, Hanford Reach, and the Snake River peaked
during different sanpling weeks (Figure 2; Appendix 4). The
hi ghest nean CPUE of subyearling chinook salnon (307) occurred in
the Hanford Reach during the week of 26 April 1993. Catches were
lower in McNary Reservoir than in the Hanford Reach early in the
season and the observed CPUE peak of 264 juvenile chinook sal non
occurred during the week of 24 My. Peak CPUE of 10 subyearling
chi nook sal non occurred during the week of 14 June in the Snake
Ri ver.

Subyearling chinook salnon in the Snake River nmaintained the

hi ghest nean fork length beginning 26 April in conparison to
Col unbi a River reaches (Figure 3; Appendix 5). Man fork length
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of subyearling chinook salnon in McNary Reservoir was
consistently higher than nmean fork length in the Hanford Reach.
The | engt h-wei ght curves for subyearling chinook sal non were
simlar for all three reaches (Figure 4).

Diel Catch

A total of 1,602 subyearling chinook sal nbon were caught
during the diel study. Low nunbers of subyearling chinook sal non
were caught during the night (Figure 5). Catch increased
imediately following sunrise (0530 hours) and decreased at
sunset (2015 hours). Catch was significantly correlated with
light (r = 0.59) (Figure 5). Since no significant differences
were found between the norning, mdday, and evening periods, the
habitat data collected during these day periods were conbined for
anal ysi s. W rejected the hypothesis that mean catch for night
and day categories was equal .

Habitat

For each seine haul, a map was created using G S to define
strata for the habitat variables surveyed (Figure 6). Catch of
subyearling chinook sal nmon was conpared to the effort associated
with various depths, velocities, tenperatures, and substrates.

Most effort in McNary Reservoir was expended in shallow
water sites where depth was cl.5 mat 7.6 mand <1.75 mat 15.2 m
from the shoreline (Figure 7). Few subyearlings were caught
insites where water depth 15.2 m from the shore was < 0.25 m
H ghest nean catch per seine haul was observed in sites with
depths 0.5-1.25 mat 7.6 mfromthe shoreline, and 0.50-1.75 m at
15.2 m from the shoreline. H ghest effort was expended in |ow
velocities (<0.10 m's) but highest nmean catch was in velocities
rangi ng between approximately 0.15-0-25 mis at 7.6 m and 0. 25-
0.40 nis at 15 mfrom the shoreline (Figure 8). Daily
tenperature fluctuations neasured by thernograph in nearshore
areas had a range of 1.5°C (Figure 99 . Hi ghest mean catch per
seine haul occurred at tenperatures between 15.0-18.9°C at 1 m
and between 12.0-14.9°C at 15.2 m from the shore (Figure 10). No
subyearling chinook salnon were caught when tenperatures exceeded
21.9°Cc at 1 mfromthe shoreline or 19.8°C at 15.2 mfromthe
shorel i ne. Catch of subyearling chinook salnon was not related
to percent of fine substrate (Figure 11).

In the Hanford Reach, seining effort was highest between
0.51-1.50 mdepth at 7.6 m and between 1.01-2.00 m depth at 15 m

from the shoreline (Figure 12). In general, the highest nunber
cf subyearlings were caught where effort was highest and this was
reflected in the nmean catch per seine haul. Hghest effort was

expended in low velocities (<0.05 ms) at 7.6 mand 15.2 m from
shore and resulted in the highest catch of subyearling chinook
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sal mon, excluding the effects of a single haul in which 4,681
subyearlings were caught (Figure 13). No relationship could be
di scerned between velocity and nean catch. Daily tenperature
fluctuations neasured by thernograph in a nearshore area had a
range of 1.5°C and were approxinmately a degree cool er than those
from McNary Reservoir (Figure 14). Effort was highest for sites
where water tenperature was between 9.0-14.9°C at 1 m and between
9.0-12.9 °c at 15.2 mfrom shore (Figure 15). H ghest nmean catch
per seine haul occurred at tenperatures between 11.0-13.9°C at 1
m and 8.0-12.9°C at 15.2 m from shore. Subyear!ing chinook

sal nron were not caught where tenperature exceeded 18.2°C at 1 m
from shore and 17.0°C nmeasured 15.2 m from shore. Most
subyearling chinook sal nbon were caught, and greatest effort
expended in sites that contained a |ow percent of substrate <2 nm
(Figure 16) . Mean catch per seine haul did not appear related to
percent of fine substrate.

In the Snake River, seining effort was highest between 0.51
mand 1.25 mdepth at 7.6 m from shore and between 1.01-1.50 m at
15.2 mfromshore, with no apparent trends in nean catch per
seine haul (Figure 17). Effort was highest for velocities
between 0.01-0.02 ms at 7.6 mand 0.25-0.26 m's at 15.2 m from
shore but there were no apparent trends in nean catch per seine

haul (Figure 18). Effort was highest for sites where water
tenperatures were between 11.0-11.9°C at 1 m and between |Q O
10.9°C at 15.2 m from shore (Figure 19). Hi ghest nean catch per

seine haul occurred at tenperatures between 15.0-15.9°C at 1 m
and 15.2 mfrom the shore. Subyearlings were caught at all

t enper at ures sanpl ed. Effort and catch was highest where the
percentage of substrate <2mm was greater than 90% (Fi gure 20).
Catch per seine haul did not reveal any relationship between fal
chi nook sal non abundance and the amount of sand present at sites.

D scussi on

The energence and peak mean catch per seine haul of
subyearling chinook salnon in the Colunbia River occurred |ater
in 1993 than in 1992. Energence of fry fromredds in the Hanford
Reach began 41 days later in 1993 than in 1992 (Carlson and Del
1993). The peak mean catch of subyearling chinook sal mon per
seine haul in MNary Reservoir occurred two weeks later in 1993
than in 1992. The McNary Reservoir peak nmean catch occurred four
weeks later than the peak nean catch in the Hanford Reach in

1993. I nasmuch as McNary Reservoir sanpling sites were about 25-
55 km downstream of Hanford Reach sites, this result was not
unexpect ed. In contrast to the Colunbia R ver, energence of fry

in the Snake River in 1993 was simlar to fry energgnce patterns
of 1991 and 1992 (Connor et al. in this report). wever, the
peak mean catch per seine haul occurred five weeks later in 1993
than in 1992.
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The pattern of increase in fork lengths in 1993 between the
three reaches was simlar to 1992 results. The mean fork |ength
of subyearling chinook salnmon remained lower in the Hanford Reach
than in McNary Reservoir. The tinme required for subyearling
chinook salnon to disperse 25 km from the downstream nost
sanpling point in the Hanford Reach to the upstream nost sanpling
point in MNary Reservoir nmay explain their consistently |arger
mean fork length in MNary Reservoir. Subyear!ing chinook sal non
in the Snake River had higher nean fork |ength than subyearlings
in the Colunbia R ver reaches in both 1992 and 1993. Ener gence
of fry fromredds in the Hanford Reach was reported to occur
between 2 April and 24 May 1993 (Carlson and Dell 1993).

However, subyearling chinook sal non began energing earlier in the
Hanford Reach as fry were captured during the week of 22 March.

In the Snake River, earliest energence was estinmated to occur on
16 March with consistent energence beginning on 5 May and

continuing until 5 June (Connor et al. in this report).
Enmergence in both reaches appear to have begun and ended w thin
about a week. Fall chinook salnon fry energed in the Hanford

Reach when daily mean water tenperatures were between 6°C and
11°C (Carlson and Dell 1993) but in the Snake River they energed
when water tenperatures were between 5°C and 14°C (Connor et al.
in this report). Water tenperatures increased at a higher rate
in the Snake River than in the Hanford Reach and may have been
the primary contributor to the faster increase in mean |ength
observed in Snake River subyearling chinook sal non.

Al t hough Snake River subyearling chinook salnmon may increase
in length nore quickly, they appear to increase in weight in the
same proportion to length as subyearlings in MNary Reservoir and
t he Hanford Reach. The lack of a difference between the MNary
Reservoir subyearlings and the Hanford Reach in 1993 supports the
conclusion that in 1992 the difference in the |ength-weight curve
for subyearlings in MNary Reservoir could sinply have been a
result of hatchery fish released into the Colunbia River. Few
hat chery fall chinook sal mon were caught in 1993 as only 0.5% of
the total catch in the Colunbia R ver was obtained after Priest
Rapi ds Hatchery rel eases as opposed to 6.5% in 1992

The catch of subyearling chinook sal mon was positively
correlated with light and was significantly higher during the day
than at night. The hi gher nean daytime catch in this study
agrees with our 1992 findings (Key et al. 1994). The | ower total
nunber of fall chinook yearlings caught in 1993 as conpared to
1992 is attributed to the different tinme of year, |ocation, and
wat er conditions between the years (Table 1). The simlar diel
catch patterns in 1992 and 1993 suggest that diel catch nay be
nore related to fish behavior than to either fish size or
environmental conditions. The | ow water velocity, shallow depth,
smal | mean fork length, and distance the subyearlings would have
to travel fromthe Villard Sl ough shoreline to the main channe
does not support the theory that subyearlings nove into the main
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Table |.-Conparison of the sanpling conditions between the 1992
and 1993 diel study in McNary Reservoir, WA

1992 1993
Total nunber of
fall chinook 10, 511 1, 602
sal nron caught
Mean FL 78 mm 47 mm
Locati on Foundat i on Villard
I sl and Sl ough
Type Mai n channel Backwat er
i sl and shoreline
Dat e Md June Md My
Sour ce Hat chery and Natural |y
Natural Iy produced pr oduced
Tenper at ure 14-18 °C 13-16 °C

Vel ocity

D stance from
mai n channel

0.01-0.20 m's

310 m

0.00-0.02 m's

1,530 m
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current and travel downstream at night. Moverent during and
imediately follow ng dusk would place themin the water colum
during the tinme when |argenouth bass Micropterus dolomieu, wal | eye
Sizostedion vitreum, northern squawfi sh Ptychocheilus oregonensis, and
channel catfish Ictalurus punctatus becone active and woul d increase
predation risk (Vigg et al. 1991; Petersen and Gadonski in
press). The results of the 1993 diel study further support the
hypothesis presented by Key et al. (1994) that subyearling

chi nook salnmon nove to the bottom and becone torpid during the
ni ght . Further study is required before diel behavior by
subyearling chinook salnmon in the nearshore can be determ ned.

Shal | ow nearshore water depth may be inportant to
subyearling chinook salnmon by providing an environment wth
warner water tenperatures and lower risk of predation from |arge
pi scivorous fish. Bennett et al. (1993) found that subyearling
chinook salmon in Lower Ganite Reservoir were caught nost
frequently at |low gradient sites. However, our findings suggest
that there nmay be a mninum slope that subyearling chinook sal non
will inhabit. Extrenely shallow water may place small fish at a
hi gher risk to avian predation by reducing escapenent into deeper
wat er depths; avian predation was observed daily by workers in
the field during daylight hours. In addition, sites with very

| ow sl ope dewater rapidly as reservoir and river levels fluctuate
daily, and sonetinmes hourly, and may cause stranding.

As juvenile salnon grow they tend to shift to higher
vel ocities and deeper water (Lister and Genoe 1970; Hillman et

al. 1987). Subyearlings were observed to feed at increasing
di stances from the shoreline as the season progressed and nean
 ength increased. In June, when beach seine hauls captured few

subyearling chinook salnon, fish were observed feeding beyond the
range of the beach seine. These observations suggest that the
lack of a relationship between velocity and catch may be an
artifact of grouping catches and velocity intervals across the
entire sanpling season and further study and analysis are
required before a definitive conclusion can be reached.

Tenperature avoi dance may affect novenent from nearshore,
ar eas. Mean catch dropped when tenperatures exceeded 16.9°C 1IN
the Hanford Reach and 18.9°C in the Snake River and MNary
Reservoir. As in 1992, the nean catch peaked when tenperatures
were between 12.0-15.9°C in McNary Reservoir and the Snake R ver
In the Hanford Reach nmean catch peaked earlier when tenperatures
were between 9.0-12.9°Cc. Because river tenperature and
subyearling chinook salnon length both increase with tinme, it is
difficult to separate tenperature factors from the physical and
physi ol ogi cal changes in subyearling chinook salnmon that can
affect behavi or.
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Substrate is conmonly reported asan inportant conmponent of
the habitat for resident fish in streans and small rivers where
it may provide protection from high velocity or predators. In
the Snake River, Bennett et al. (1993) reported that of the tota
subyear!ling chinook sal non caught, 72% were captured over
substrates consisting of >75% fines, however, effort was not
reported. In our study, catch of subyearling chinook sal non
appeared to be proportional to effort over a range of percent of
fine substrate. High effort resulted in high total catch of
subyearlings in all three reaches. Since catch appeared
dependent on effort, a conclusion regardi ng association of
subyearling chinook salnon with substrate could not be supported.
Key et al. (1994) proposed that subyearling chinook salnon are
generalistic feeders consumng prey items from the water colum
and the surface (Becker 1973; Rondorf et al. 1990) and noving
freely in the water colum as | oose aggregates (persona
observation). A snorkel study in the Sixes R ver, O egon
observed subyearling fall chinook salnon inhabiting backwater
eddi es near shore, distributed throughout the water colum, and
consumng prey fromthe drift (Stein et al. 1972). Thi s
nondener sal behavi or of subyearlings during the day could explain
the proportional relationship between effort and catch and a |ack
of associ ation between substrate and catch.

In conclusion, peak nunbers of subyearling chinook sal non
were caught later in 1993 than in 1992. As water tenperatures
i ncreased above 15.9°C, mean catch decreased. The Snake River
subyearling chinook salnon attained a larger size nore quickly
than the Colunbia River subyearlings. Subyearlings were caught
in significantly greater nunbers during the day t%an during the
ni ght . Most subyearlings were caught in water between 0.5 m and
2.0 m deep. Substrate did not appear to have an influence on
catch of subyearling chinook salnmn in the main-stem Col unbi a
Ri ver or Snake River. These results and concl usions are
prelimnary and may be nodified with further analysis.
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I ntroducti on

Research conducted at McNary Dam from 1981 to 1983
determ ned 'that subyearling chinook sal non Oncorhynchus tshawytscha
which emigrated earlier in the sumer exhibited greater adult
contribution than did those emigrating later in the sunmer
(Gorgi et al. 1990). No physical or biological factor could be
isolated as a causal factor for this phenonenon even though a
primary objective of the study was to exam ne the influence of
flows on juvenile emigration and survival. Gorgi et al. (1990)
attributed this failure to an inability to recover sufficient
nunbers of marked fish at John Day Dam to estinmate their trave
time through John Day Reservoir and the interaction anong fl ow,
tenperature, fish size, physiological developnent, and origin of
the fish.

This study was initiated in an attenpt to resolve the
guestions pertaining to the influence of sumrer flows on the
em gration of subyearling chinook salnon and their contribution
as adults. The primary objectives for this third year of study
were to mark and rel ease sufficient nunmbers of subyearling
chinook salnmon at McNary Dam to estimate their travel tine
t hrough John Day pool and to determne if released groups
remai ned tenporally discrete during emgration. Another
objective was to describe the physiological devel opnent of fish
mar ked and rel eased at McNary Dam and to relate that to trave
time and future adult returns.

Met hods
Marking and Release
Juveni |l e subyearling chinook salnmon were collected from the

juvenile fish collection facility at MNary Dam The damis
equi pped with traveling screens to divert juvenile fish from the

turbine intakes into gatewells and to raceways. Fi sh entering
the collection facility were sub-sanpled by operation of a tined
gate in the conduit noving fish to the holding raceways. Each

group of fish was collected by repeated sub-sanpling during a 24
h period starting at 0700 hours. The sub-sanple rate ranged from
5% to 20% of the total nunber of fish diverted.

Subyearling chinook salnmon were marked with coded wire tags
(CW) and branded with cold brands (Jefferts et al. 1963; M ghel
1969) . Fish were anesthetized with a preanesthetic of benzocaine
(ethyl P-am nobenzoate) and an anesthetic of tricaine
net hanesul fonate (Ms-222) simlar to that described by Matthews
(1986) . Juvenile fish were then sorted by species and narked
with COM and cold brands. Three segnents of the em gration were
marked; early, mddle, and |ate. For each segnment of the
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em gration, three CM codes were used resulting in a total of
nine CW codes released in 1993. During each day of marking,
fish were marked with cold brands using a unique conbination of a
character, location, and rotation. The cold brand identified the
fish for subsequent determ nation of mgration tine from MNary
Dam to John Day Dam Marked fish were released into the fish
bypass system at McNary Dam between 2200 and 2300 hours on the
day of marking. At John Day Dam juvenile salnon were collected
using two air-lift punps (Brege et al. 1990) and the brands on
recaptured fish were recorded.

The marking program included neasures to ensure the quality
of subyearling chinook salnon released at McNary Dam Fi sh that
were previously branded or adipose fin clipped and CWM tagged,
descaled, or had injuries likely to result in nortality were not
marked (\Wagner 1994). Fish with fork lengths ¢ 55 mm were al so
not marked. Fifty fish per day were held for 48 h to nmeasure
del ayed nortality and coded wire tag | oss. Fish surviving the
del ayed nortality test were transported downstream by barge or
truck to prevent confounding of migration tinme estimates to John
Day Dam

Travel tine of branded replications of fish was estinmated to
the nearest day by the nmethod used by the Fish Passage Center
i.e., the difference between the nedian date of release at MNary
Dam and the date nearest the nedian date of recovery based on the
passage indices at John Day or Bonneville dans. However, we only
estimated travel tinme to the nearest day and did not interpolate
to the nearest tenth of a day. Fl ow and tenperature during
travel tinme was estinmated by averaging the discharge and
tenperature at McNary Dam from the day after fish rel ease at
McNary Dam t hrough the nedian day of recovery at John Day Dam
Mean dates of recapture were weighted by passage index and
conpared using the Kruskal-Wallis test (SAS 1990) and a Tukey-
type multiple conparison test (Zar 1984). Differences were
considered statistically significant when P < 0.05.

Physiology

Sanpl es were collected for gill Na',K -adenosine
tri phosphat ase (ATPase) analysis from Priest Rapids State Fish
Hat chery brand groups and from wild subyearling fall chinook
salmon in the Hanford Reach of the Colunbia River to assess
snmoltification of premigrants. Priest Rapids fish were sanpled
before release and Hanford fish were sanpled coincidentally wth
a Washington Department of Fisheries marking study. Gl sanples
were collected again from nmarked Priest Rapids and Hanford fish
at McNary Dam to neasure ATPase activities of em grants.

Twent y-four-hour seawater challenges were enployed to
eval uate the physiological status of emgrating subyearling
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chinook salnon marked at McNary Dam  The general procedures of
the seawater challenges followed Bl ackburn and C arke (1987).
Recircul ating flowthrough systens were used for challenged and
control fish. The seawater system was conposed of eight plastic
80-L containers which drained into a sunp reservoir and a punp
recirculated salt water from the sunp to the plastic containers.
The freshwater control system was identical to the seawater

system Chillers were placed in sunp reservoirs to naintain

water tenperature at 18.3°C. D aphragm punps and air stones
supplied air to each tank.

Actively emgrating subyearling chinook salnon were
collected at the McNary Dam fish collection facility
coincidentally wi th marking. Three separate chall enges were
conducted to characterize the seawater adaptability of mgrants
during the early, mddle, and late portions of the outmgration.
Random sanpl es of 10 anesthetized fish were distributed to each
t ank. Fish were allowed to acclimate for 24 h prior to being
chal | enged.

Artificial sea salt was dissolved and added to the sunp
reservoir of the seawater system to infuse salt water into the
tanks wi thout handling or disturbing the fish. A desired
salinity of 30 parts-per-thousand (ppt) was usually achieved
wi t hin one hour. Unchal l enged control fish were maintained in
fresh water.

At the end of a24-h challenge, fish were inmmobilized in
their tanks with 30 ng/L Ms222. Anesthetized fish were weighed,
measured (FL), rinsed in fresh water, and their tails blotted dry
bef ore bei ng severed. Bl ood was collected from the caudal artery
i n anmoni um heparini zed Natel son tubes, centrifuged, and the
plasma was frozen immediately in liquid nitrogen. GII filanents
were collected for determ nation of Na',K -ATPase activity.

In addition to the seawater chall enges conducted during the
early, mddle, and late portions of the outmigration, a seria
seawat er chal |l enge was conducted in August to characterize the
pattern of plasma Na' and gill Na', K'-ATPase activity of fish
exposed to sea water for varying lengths of tine. Fish were
chal | enged as descri bed above but were sanpled at 1, 4, 7, 12,
24, 31, 36, and 48 h intervals.

Bl ood plasma was anal yzed for Na' and K* by flane photonetry
and gill Na', K'-ATPase activity was neasured using a m croassay
(Schrock et al. 1994). G oup neans were calculated for contro
and test fish for the three challenges and the serial challenge.
Means were conpared between chall enges using analysis of variance
(ANOVA) and Student-Newnan-Kuels (SNK) nultiple conparison test
whil e w thin-challenge conparisons were nade using t-tests for
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plasma Na' and K* and gill ATPase activity (SAS 1990). The
significance level for all tests was P < 0.05.

Salinity Preference

Salinity preference of subyearling chinook sal nobn was
nmeasured weekly from June to August for run-of-the-river and
hat chery fi sh. Fish were tested in a horizontal gradient simlar
to that used by Oto and Mlnerney (1970) with the exception that
the gradient was circular thus elimnating any "end" effects
characteristic of straight gradients (Figure 1). The preference
tank was 1.2 min dianeter and consisted of 16 conpartnents
| ocated around the inside wall of the tank formng a circular
t rough. Each conpartnent neasured 22.9 cm wide by 20 cm | ong by
22.9 cm deep. Compartnments were forned by baffles extending 7.6
cmfromthe bottom and the top of the trough leaving a 7.6 cm gap
t hrough which fish could freely swim between conpartnents. \ater
was punped continuously through an orifice in the bottom of each
conpartment and exited through drain holes in the inner wall of
the tank. An overhead video canera was used to observe fish
behavi or and locations in the tank. A gradient was established
by infusing 30 ppt seawater into one conpartnment and allowing it
to mx wth inflowng freshwater in the renaining conpartnents.
The maxi mum salinity that could be achieved in the nost saline
conpartment, while still rmaintaining an opposite freshwater
conpartment, was 18 ppt. A salinity neter was used to neasure
the salinity of water siphoned from each conpartnent which
elimnated any disturbance to fish during a test.

Ten fish were used in each test and were introduced into the
tank on the day before a test and were allowed a mninmum of 16 h
to acclimate to the tank. The tank was supplied with fresh water
during this tine. Each test was begun by filmng fish behavior
in fresh water for 2 h which is referred to as the control
peri od. At the end of the control period, sea water was infused
to establish the gradient, which usually took 2 h. Fish were
filmed for an additional 2 h after the gradient had becone
established and is referred to as the test period. At the
conclusion of a test, fish were weighed, neasured, and gil
sanples were collected for ATPase activity analysis.

Two replicate tests were conducted each week using new fish
in each test. Salinity preference was assessed by naking
observations of fish locations in the tank every three mnutes
during both control and test periods for a total of 40 counts
duri ng each peri od. Frequency distributions for control and test
peri ods were conpared to each other and to a hypothetica
di stribution, which assuned no salinity preference, using the
Kol onogorov- Smirnov test (Zar 1984).
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Figure 1. -Schematic overhead (A) and side (B) views of salinity
preference tank with (1) water input, (2) baffle, (3) siphon hose
and (4) outflow.
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Resul ts

Marking, Release, and Recapture

The nmedi an date of subyearling chinook salnmon emgration
past McNary Dam in 1993 was 5 July (Figure 2), which is 4 days
later than the 1984-90 nedian. The 10% passage was 12 days |ater
and the 90% passage was 13 days later than the 1984-90 nean (Fish
Passage Center 1994). Based on recaptures of wld subyearling
chi nook salnon that were tagged with passive integrated
transponders (PIT) and released in the Hanford reach on 9 June
(nedi an date), 50% passage at MNary Dam occurred on 8 July wth
a nedian travel tinme of 29 days. Since less than 20% of the wld
fall chinook salnon in the Hanford Reach were of tagable size,
this nmedian date represents only early mgrants. The nmedi an
dates of passage at MNary Dam of branded subyearling fall
chi nook salnon released from Priest Rapids State Fish Hatchery
between 15 and 27 June ranged from 30 June to 7 July. PIT tagged
subyearling fall chinook salnon released from Turtle Rock
Hat chery on 30 June (nedian date) had a nedian passage at MNary
Dam on 27 July (Fish Passage Center 1994). The 10, 50, and 90%
passage dates of all hatchery and wild fish conbined at MNary
Dam were 27 June, 5 July, and 2 August. Passage dates at MNary
Dam indicate that outmgration timng was simlar to the 1991
subyearling outmgration.

A total of 107,077 subyearling chinook salnmon collected at
McNary Dam were freeze branded, coded wire tagged, and rel eased
in the tailrace (Table 1; Appendix 6). An additional 1,400
mar ked fish were transported after being retained for 48 h to
estimate delayed nortality and CM |oss, which was 0.4% and 0. 7%
respectively. The group of 35,994 early migrants were narked
with 9 unique brands from 24 June to 2 July when the cunul ative
passage index increased from5%to 20% The mddle group of
35,555 emigrants were marked with 10 unique brands from 9 to 18
July when the passage index increased from 63% to 84% The |ate
group of 35,578 emgrants were marked with 9 unique brands from
27 July to 4 August when the passage index increased from 94% to
97%

Colunbia River flows at McNary Dam decreased from about 265
t housand cubic feet per second (KCFS) in early June to about 100
KCFS in late August while water tenperature increased from 14°C
to 21°C (Figure 2). Fl ows during June and July were about 65% of
the 40 year average and in August flows increased to about 83% of
the 40 year average.

The nunber of subyearling chinook sal non recaptured at John
Day Dam ranged from 79 to 224 fish for the nine CM replications
and from 297 to 519 for the early, mddle, and |late groups
(Figure 3; Table 2). Estimated travel times were 8, 26, and 16
days for the early, mddle, and |ate groups, respectively. The
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Table |.-Date, coded wire tag (OW) code, and nunber of subyearling chi nook
salnon released in the McNary Dam tailrace and the nunber of fish held for
48 h with their tag loss and nortality prior to transportation, 1993.

cwr Mar ked Mar ked _ Tag Per cent

Dat e Code & Rel eased & Hel d Mortality Loss Loss
Jun 24-26 65- 33-18 11, 872 150 0 0 0
Jun 27-29 05-33-19 12, 027 150 0 1 0.7
Jun 30-
Jul 2 05- 33- 20 12, 045 150 0 2 1.3
Sub- Tot al 35, 944 450 0 3 0.7
Jul 9-11 05-33-21 11, 878 150 3 4 2.7
Jul 12-14 05- 33- 22 11, 858 150 0 0 0
Jul 15-18 05- 33-23 11, 819 200 1 0 0
Sub- Tot al 35, 555 500 4 4 0.8
Jul  27-29 05- 33-24 11, 798 150 0 2 1.3
Jul  30-
Aug 1 05- 33- 25 11, 850 150 1 0 0
Aug 2-4 05- 33- 26 11, 930 150 1 1 0.7

‘Sub-TotaI 35, 578 450 2 3 0.7

Tot al 107,077 1, 400 6 10 0.7
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mar ked groups (B) and the cummul ative percent frequency of each
group (C) recovered at John Day Dam 1993.
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Tabl e 2.-Medi an dates and nunber of subyearling chinook salnon rel eased at MNary
Dam and the nunber recovered, passage index (Pl), and percent detected (% at John
Day and Bonneville dans, 1993.

8TT

McNary Dam Rel ease Recovery at John Day Recovery at Bonneville
oWr Med. Num Med. Num Med. Num

G oup Dat e ber Dat e ber Pl % Dat e ber Pl %
33-18 25 Jun 11, 872 2 Jul 198 2,436 20.5 5 JuL 15 169 1.4
33-19 28 Jun 12, 027 5 Jul 153 1,773 14.7 7 Jul 40 194 1.6
33-20 1 Jul 12, 045 10 Jul 168 1,949 16.2 10 Jul 31 160 1.3
Early 28 Jun 35, 944 6 Jul 519 6,158 17.1 8 Jul 86 523 1.5
33-21 10 Jul 11, 878 27 Jul 95 941 7.9 3 Aug 32 64 0.5
33-22 13 Jul 11, 858 4 Aug 100 952 8.0 3 Aug 44 88 0.

33-23 16 Jul 11, 819 15 Aug 102 832 7.0 7 Aug 21 37 0.3
Mddle 13 Jul 35, 555 8 Aug 297 2,725 7.7 4 Aug 97 189 0.5
33-24 28 Jul 11, 798 16 Aug 79 626 5.3 6 Aug 68 138 1.2
33-25 31 Jul 11, 850 15 Aug 127 1,007 8.5 8 Aug 62 119 0.9
33- 26 3 Aug 11, 930 16 Aug 224 1,671 14.0 19 Aug 42 69 0.6
Late 31 Jul 35, 578 16 Aug 430 3,304 9.3 8 Aug 172 326 0.9




Kruskal -Wallis test indicated that the tine of emigration for the
three groups past John Day Dam was significantly different and
the mean dates of passage of all three groups were significantly
different from each other.

The nunber of fish recaptured at Bonneville Dam ranged from
21 to 68 for the nine OANT replications and 86 to 172 for the

three groups (Table 2). Emi gration time for the three groups
past Bonneville Dam was significantly different and each group
was different from each other. The nedian dates of recapture for

the replications at John Day and Bonneville dans indicated the
fish traveled rapidly through the Dalles and Bonneville
reservoirs conpared to travel tine through John Day reservoir.
Travel tine was not significantly correlated with flow,
temperature, gill ATPase activity, median release date, or fork
l ength (Table 3).

Physiology

G 1l ATPase activity of premgrants from Priest Rapids State
Fish Hatchery and from the Hanford Reach was |ow but becane
el evated by the tine of recapture at MNary Dam Mean gill
ATPase activities of prerelease brand groups at Priest Rapids on
14 and 21 June were 10.3 and 9.5 umol Pi/(mg protein)/h,
respectively. These sane brand groups were recaptured at MNary
Dam from 30 June to 9 July and had a nean gill ATPase activity of
20.2 pumol Pi/(mg protein)/h. Subyear!ing chinook sal non coded
wire tagged in the Hanford Reach on 10 and 14 June had nean gill
ATPase activities of 14.9 and 9.4 umol Pi/(ng protein)/h. Si nce
these fish were not branded, 60 coded wire tagged subyearlings
were collected at McNary Dam from 21 July to 4 August with the
expectation that sone would have originated from the Hanford
Reach. Coded wire tags revealed that 26 fish were fromthe
Hanford Reach and had a nmean ATPase activity of 19.5 umol Pi/(ny
protein)/h. G|l ATPase activities of mgrants marked at MNary
Dam ranged from 16.4 to 22.3 in 1993 while in 1992 |evels ranged
from20.0 to 34.3 and in 1991 levels ranged from 14.6 to 30.3
pumol Pi/(ng protein)/h (Figure 4).

Al'l subyearling chinook salnmon used in seawater chall enges
exhibited the silvery appearance of snolts. G oup neans of
plasma Na' of challenged fish were 153.0 mmol /L for the early
chal l enge, 153.7 for the mddle, and 157.2 for the late challenge
(Table 4, Figure 5). O the 380 fish challenged only 3 died
during testing.

ANOVA of test plasna Na' values indicated that late
chall enge values were significantly different than those of the
early and mddle challenge. The early and mddle challenge
plasma Na' concentrations were not different from each other.
Control values from all challenges were not significantly
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Table 3.-Correlation of subyearling chinook sal non travel

time from MNary

Dam to John Day Dam with nedi an rel ease date, flow, tenperature, ATPase
activity, and fork length (FL) of coded wire tagged (CAM) groups, 1993.
owr Travel Medi an FI ow Tenp. ATPase FL
G oup Time (d) Dat e (kcfs) (a Activity ()
Early
05- 33-18 7 25 June 180 17.0 20. 3 106
05- 33-19 7 28 June 172 17.1 19.8 100
05- 33- 20 9 1 July 164 17.3 18.6 99
M ddl e
05- 33-21 17 10 July 158 18.1 17.6 98
05- 33- 22 22 13 July 156 18.6 22.2 100
05- 33-23 30 16 July 142 19.4 22.2 100
Late
05- 33-24 19 28 July 129 20. 2 20.1 115
05-33-25 15 31 July 123 20. 4 115
05- 33- 26 13 3 Aug 120 20. 6 22. 4 121
r 0. 501 -0. 505 0.578 0. 449 -0. 097
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Travel Time (days)

22 29 6 13 20 27 3
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Figure 4.—Gill ATPase activity (A) and travel time to John Day
Dam (B) calculated from median date of release of groups of
subyearling chinook salmon marked at McNary Dam in 1991 (solid
line), 1992 (dashed line), and 1993 (dotted line) .
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Table 4.-Mean plasma Na' (mmol/L) and gill ATPase activity (pumol
Pi/(mg protein)/h) from subyearling fall chinook mgrants subjected
to 24-h seawater challenges at McNary Dam 1993.

Test S t d
Dat e wat er Level N err cv Mor t
Pl asnma Na'
7-1 seawat er 153.0 57 0.522 0. 026 0
7-1 fresh 149. 3 55 0. 660 0. 033 1
7-15 seawat er 153.7 57 0.722 0. 035 0
7-15 fresh 150. 2 58 0.918 0. 047 2
7-29 seawat er 157. 2 65 0.932 0. 048 0
7-29 fresh 149. 4 57 1.403 0.071 0
ATPase
7-1 seawat er 19.9 30 0. 758 0. 208 0
7-1 fresh 19.8 30 1.016 0.281 1
7-15 seawat er 22.5 28 0.920 0.216 0
7-15 fresh 21.9 29 0.918 0.226 2
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Figure 5. -Physiol ogical responses, Wth standard error bars, of
subyearling chinook sal non exposed to Sea water (solid bars) and

fresh water (cross hatched bars) at MNary Dam during the_ early
(1 July), middle (15 July), and late (29 July) portions of the

1993 outm gration.
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different from each other. In each chall enge, plasma Na' val ues
in test fish were significantly higher than in control fish.
There was a small decrease in plasma K* concentration from the
early to late portion of the run but no neaningful differences
were found between challenged and control fish. No significant
changes in length or weight occurred between test and contro
fish in any chall enge. Pl asma sodium was correlated with both
length (r=0.227) and weight (r=0.220) in seawater challenged

fish.

ATPase activities could only be conpared between the first
and second chal |l enges because sanples from the third chall enge
were destroyed in a l|laboratory accident. Seawat er chal | enged
fish did not have significantly higher activities than contro
fish (Table 4, Figure 5) as was observed in 1992. Seawater gill
ATPase activities from fish in the second chall enge were
significantly different than those from the first challenge. In
seawat er chal l enged fish, ATPase activity was not significantly
correlated with length, weight, plasm sodium or plasm
pot assi um however, ATPase activity was correlated with plasna
sodi um (r=0.375) in control fish.

The response of plasma Na' of fish sanpled at various
intervals in the serial seawater challenge did not show a
di stinct pattern. In general, plasna Na' val ues were not
significantly different from each other in seawater challenged
fish except for the 31 and 36 h sanpling intervals which were
different from each other but simlar to the other values (Table

5, Figure 6). There were no significant differences in plasna
K*, length; weight, or gill ATPase activity between sanpling
intervals. Plasma Na' val ues of seawater challenged fish were

significantly higher than those of control fish throughout the
serial challenge except for the 1 and 31 h sanpling periods.
There were no significant changes in plasma K, length, weight,

or gill ATPase activity between challenged and control fish
except for the 12 h (plasma K*), 31 h (length and weight), and 36
and 48 h (gill ATPase activity) periods. Gl ATPase activity
was negatively correlated with plasma Na' (r=-0.324) when al

serial seawater challenged fish were conbined.

Subyearling chinook salnon tested for salinity preference
did not show any pattern of preference devel opnent over tine.
Fi sh swam conti nuously around the tank, usually as a group,
during both control and test portions of each preference test.
Because of this constant sw mm ng behavior, no neani ngfu
determ nation of salinity preference could be nade. I n general
fish swam slightly faster through the higher salinity
conpartments which resulted in nore observations of fish in |ower
salinities (O3 ppt). Frequency distributions of |ocations of
fish in test portions were significantly different than control
fish distributions in 17 of 20 preference tests where 10 fish
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Table 5.-Mean plasma Na' (mml/L), plasma XK* (mml/L), gill ATPase activity (umol Pi/(ng
protein)/h), length (mm, and weight of subyearling fall chinook salnon tested in a
serial seawater challenge at McNary Dam 1993.

Sanpling interval
) Test

Vari abl e Wt er 1 4 7 12 24 31 36 48
Na seawat er 157.1 163. 4 167.6 170.9 162.6 167.9 168. 0 163.5
fresh 153.6 151.2 152. 4 152. 6 154. 1 158. 6 148. 6 152.1
K seawat er 4.35 4.23 4.81 4.82 4.56 4.78 4.59 4.08
fresh 4.31 4. 41 4.04 4.25 X 4.36 4.28 4.38
ATP seawt er 17.0 21.7 16.3 16.8 19.6 16.2 18.5 18.7
fresh 15.1 17.6 17.9 18.8 19.2 16.8 13.3 12.7
Length seawat er 122.5 123.2 123.1 120.2 120.8 118.7 120.3 121.7
fresh 117.9 120.1 117.7 122.0 118.6 124 .9 119.4 120.7
Wi ght Seawat er 21.3 21.7 21.3 19.8 19.8 18.6 19.6 20.0
fresh 18.4 19. 8 18.8 21.4 17.8 22.4 19.8 19.8
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Figure 6. -Physiol ogical responses, with standard error bars, of
subyearling chinook salnon exposed to sea water (solid bars) and
fresh water (cross hatched bars) in a serial seawater challenge
at McNary Dam in August 1993.
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wer e used. In two tests using single fish, test period
distributions were not significantly different from random

D scussi on

Travel tinme from McNary to John Day Dam was not
significantly correlated with any of the physical and
physi ol ogi cal variables tested in 1993 as was true in 1992, The
reason for this may be that travel tinmes in 1993 showed no sinple
pattern of either increasing or decreasing over tinme. Thi s nade
the likelihood of obtaining any significant correlations
involving travel time inprobable, especially given the snal
sanple sizes used in correlation anal yses.

Estimated travel tines of subyearling chinook salnon from
McNary to John Day Dam did not follow the paradigm that trave
time decreases with increased flow or the expectation that rapid
travel time would be associated with relatively high gill ATPase
activities. Travel tines increased fromthe early to mddle
portions of the outmgration as flows decreased, but then becane
shorter during the late portion of the run as flows continued to
decl i ne. ATPase activity followed a simlar trend although the
decline in ATPase activity was only slight during the late
portion of the outmgration and was elevated on the last sanpling

date (Figure 4). Both of these trends were also observed in 1991
and 1992 with the exception that the late decline in ATPase
activity was nore pronounced during these years. During the

latter portion of the outmi gration several factors such as
increased water tenperature, increased fish size, and stock

di fferences may have contributed to this phenonenon. The early
portion of the run is usually conprised of fish released from
Priest Rapids State Fish Hatchery whereas mddle and |ate
mgrants are a mx of both hatchery and wild fish (Fish Passage
Center 1994). Stock differences may account for variable trave
tinmes. In addition, Skalski (1989) has shown that various
assunptions related to passage index calculation at John Day Dam
are often violated due to shifts in dam operations and
subsequently may lead to biased travel tine estinates. This may
explain the seemngly contradictory results obtained in 1993.

Subyearling chinook salnon migrating past MNary Dam during
the early, mddle, and late portions of the outmigration in 1993
appeared to be fully snolted and were physiologically adapted to

sea water. Although statistical differences were found between
plasma Na' values, biologically there appeared to be no trend in
seawat er adapti veness. Fish in all three seawater tests

perforned equally well as evidenced by low nortality and ability
to regulate plasna Na' below 165 mmol /L, the value given by

Cl arke and Shel bourn (1985) for characterizing chinook sal non
snol ts. However, fish challenged in md-August in the seria
seawat er chal |l enge had nean plasma Na' val ues both above and

bel ow 165 mol /L. The gradual rise in plasma Na' values as the
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outm gration progressed may suggest that late mgrants nmay be
mgrating after sonme optinmal time of em gration that would ensure
successful seawater entry. This may be especially true
considering the high water tenperatures encountered in late
summer and the adverse effects they may have on snolt physiol ogy.
The slight increase in plasma Na' levels over tinme as river
tenperatures increased and flows decreased was the only

rel ati onship, albeit weak, that existed between physiol ogy and
envi ronmental conditions. H gher plasma Na' values in challenged
fish conpared to freshwater control groups may be attributed the
mai nt enance of plasma Na' at a higher equilibriumin seawater
(Conte and Wagner 1965) or the requirenent of nore than,48 h in
seawater to further lower plasma Na' as indicated by the seria
seawat er chal | enge.

The rise in gill ATPase activity exhibited by Priest Rapids
and wild Hanford Reach fish was |likely due to physiol ogica
change characteristic during emgration (Zaugg et al. 1985).

Gl ATPase activity of run-at-large fish sanpled at MNary Dam
in 1993 were generally lower than in 1991 and 1992. Peak
activities were 8-12 units lower than in those in 1992 and 1991
respectively. The cooler water tenperatures in 1993 nmay have

retarded or del ayed physiol ogi cal devel oprent. Despite the |ower
gill ATPase activities, fish were still able to adapt to sea
wat er . The loss of gill sanples fromthe |ate seawater challenge

precl uded conparison to ATPase activities from the |ate challenge
in 1992. Although ATPase activities were significantly elevated
in seawater fish fromthe late challenge in 1992, this trend was
not observed until after 36 and 48 h had elapsed in the seria
seawat er challenge in 1993. The elevation of gill ATPase
activity is consistent with the findings of other investigators
(see review in Folmar and Dickhoff 1980) relating to sea water's
stimulating effect on ATPase activity but may al so be dependent
on other variables as well.

The relationship of gill ATPase activity of run-at-I|arge
fish sanpled at McNary Damto travel tinme in 1993 was not as
distinct as in 1991 and 1992. There was a small rise in gil
ATPase activity as travel tinme increased but the insignificant
decline that followed did not match the sharp decrease in trave
tine. This observed trend of increasing gill ATPase activities
with increasing travel times was unexpected. The definition and
cause for this pattern nmay be elucidated after collecting
additional data in upconi ng years.

A neani ngful biological preference for different salinities
could not be established in 1993 for subyearling chinook sal non.

This was due largely to the design of the test apparatus. The
circular nature of the tank allowed fish to swim and explore
directionally without ceasing and regard to salinity. hi s

strong swi mm ng behavior of both hatchery and run-at-large fish
was |likely the factor controlling fish distributions and not
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preference for the available salinities despite observed
statistical differences. This sw nmmng behavior was also
observed in a different circular tank in 1994. Subyearling fall
chi nook sal non appear to exhibit strong tendencies to swim even
as premgrants, which nmay be an adaptive advantage for mgrating
great distances seaward in their first year of life. The desire
to swim nmay be stronger than selecting a desired salinity in a
tank that offers both choices as was the case in this study. An
alternative explanation may be that devel opment of a salinity
preference may require nore time than was allowed in these tests.
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I ntroducti on

Subyearling fall chinook sal non Oncorhynchus tshawytscha t hat are
naturally produced or released from upriver hatcheries on the
Col unbi a and Snake rivers mgrate primarily during the sumer.
H gh concentrations of juvenile American shad Alosa sapidissma al so
mgrate seaward through |ower Colunbia R ver reservoirs during
late sumrer and early fall. Mgratory conditions during these
times are characterized by increasing water tenperatures and
decreasing flows and passage of fish through nainstem
i mpoundnments is often slow, especially through John Day Reservoir
(MIler and Sinms 1984). Describing the relationship between
juvenil e chinook salnmon distribution and water velocity wll |ead
to a better understanding of their mgratory behavior and their
relatively slow mgration through mainstem reservoirs. However ,
with the recent listing of Snake R ver fall chinook salnon as a
t hreat ened species under the Endangered Species Act (ESA; NWVFS
1992), a non-lethal and non-obtrusive nethodol ogy nust be
enpl oyed to study migrating juvenile chinook sal non
Hydr oacoustic sanpling is such a technique and is useful for
defining fish distribution and behavior in reservoir
envi ronment s.

The acoustic target strengths of fish have been used
successfully to estimate relative fish size and abundance in
numerous aquatic environnents (Dickie et al. 1984; Foote et al
1986; Jacobson et al. 1990; Mesiar et al. 1990). Many factors
can influence the variability of acoustic target characteristics
and identification of individual fish including biological and
environmental attributes such as size, species, orientation of
the fish to the transducer beam depth, and tinme (Blaxter and
Batty 1990; MacLennan et al. 1990). In addition, gas bubbles in
the water columm also produce acoustic targets and can interfere
with data collection by masking fish targets (Thorne et al.

1992). Target strengths of fish nmay be determ ned through
controlled experinments in which fish are tethered or confined in
smal | enclosures and rotated on different axes while in an
acoustic transducer beam (Love 1971, 1977; M yanohana, et al.
1990) . In contrast, insitu experinents, in which fish are
acoustically sanpled while exhibiting nornmal behavior in a
natural environnment, (Dawson and Karp 1990; M nal ai nen and
Eronen 1990) may exhibit different acoustic properties than those
of fish that are immobilized or confined (Minalainen and Eronen
1990).

The objectives of this study were to neasure insitutarget
strengths of juvenile fall chinook salnmon and American shad from
known |ength ranges and to conpare those to target strengths
observed during field hydroacoustic surveys perforned in the
Col unbi a River. The findings presented here were used to gather
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prelimnary data to devise the best sanpling protocols and
anal yti cal approaches for ongoing hydroacoustic sanpling.

Met hods

Open wat er hydroacoustic and trawl surveys were conducted on
McNary and John Day reservoirs during the sumer of 1993.
Surveys were conducted on McNary Reservoir from 27 June to 8
August and John Day Reservoir was sanpled from 5 August to 28
Cct ober. McNary Reservoir was divided into three 6 km reaches
based on diversity of hydrol ogic cross sections. Reach 1 (river
kilometer (RK) 477 to 483) was |ocated 8 km above MNary Dam
reach 2 (RK 497 to RK 503) was a mid-reservoir reach, and reach 3
(RK 512 to RK 518) was |ocated 16 km bel ow the confluence of the
Snake and Col unbia rivers. In John Day Reservoir, a single 10 km
reach was sanpled from RK 386 to RK 396

Each sanpling reach was divided into river kilonmeters which
were further subdivided into 10 fixed cross-sectional river
transects. Transects were located 0.1 km apart and oriented
perpendi cul ar to the shoreline. A single river reach was sanpl ed
each day and is referred to as a hydroacoustic survey. A
starting transect was chosen at random within the |owest river
kil oneter of the selected reach at the start of each day of
sanpl i ng. A global positioning system (GS) was used for
| ocating and navi gating hydroacoustic transects. Transects were
sanpl ed beginning at the nost down-river transect and proceeded
upstream This design nmade it unlikely that fish detected in one
transect would be detected in the next upstream transect.

Hydroacoustic data were collected using a Biosonics dual -
beam syst em Data were processed using the follow ng equipnent:
a nodel 105 echo sounder, a 420 KHz (6°/15°) dual - beam transducer
oriented vertically and downward, a 151 chart recorder, a Conpaq
486 mcro conputer using ESP V2.0 dual beamsignal processing
software, and a nodel 171 digital tape interface. Ping rate was
5 pings/s, pulse width was 0.4 nms, and receiver sensitivity gain
was set at O decibels (dB). An echo received from a single ping
was referred to as a target. A grouping of targets that matched
user defined criteria was classified as a tracked fish. Criteria
were based on ping density, ping range, and exclusion of all
targets < -60 decibels dB. Chart recordings, conputer generated
echograns, and the target strength of tracked gas bubbles were
used to try and differentiate between gas bubbles and fish.

A md-water trawl nade of nonofilanment nmesh was used in the
pel agic regions of the McNary and John Day reservoirs to verify
speci es conposition and fish size for target strength estinmates
from hydroacoustic surveys. Three traw s were perforned during
each hydroacoustic survey at randomy selected md-river and
nearshore | ocations. Two md-channel trawls were perfornmed at 5
m and 3/4 of the total depth and a nearshore trawl was perforned
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at 5 m unl ess the total nearshore depth was greater than 11 m
in which case a trawl was nade at 3/4 depth. An additional traw
was performed at a location of high fish concentration identified
during each hydroacoustic survey. Trawling was conducted after
all hydroacoustic sanpling within a river iiloneter had been

conpl et ed. Al traws were deployed for 10 mn at .the designated
sanpling depth and towed upstream' parallel to shore. Al fish
captured were identified to species, neasured (fork length), and
rel eased. If nore than 40 fish were captured in a traw, a
subsanpl e of approximately 30 individuals were randomy renoved
and processed.

Hydroacoustic data collected from McNary Reservoir were
divided into two groups for juvenile chinook sal non target
strength anal ysis. The first group (Goup 1) included fish
targets identified in hydroacoustic surveys perforned from 27
June to 15 July and the second group (Goup 2) included fish
targets identified from 20 July to 10 August. Thi s groupi ng was
based on the expectation of fish increasing in size during the
sanpl i ng peri od. In addition, this grouping facilitated
conparison of target strengths from two different sizes of fish
from hydroacoustic surveys with the target strengths of two size
groups used in net pen tests. Hydr oacoustic transects from John
Day Reservoir were separated into two groups for juvenile
Anerican shad target strength analysis and was al so based on the
expectation of increasing fish Iength over tine. G oup 3
included fish targets identified in surveys performed from 23
Septenber to 10 Cctober and Goup 4 included fish targets
identified from 26 Cctober to 28 Cctober.

Ingtunet pen tests were conducted at Drano Lake, which is
| ocated adjacent to the Colunbia River at RK 261. The net pen
was anchored in open water and measured 6m x 6m x 6m and was
suspended froma rigid, floating frane. Juvenile fall chinook
sal mon of two size ranges and a single size class of Anerican
shad were tested for target strengths during Septenber 1993.
Juvenile fall chinook salnon used in the net pen experinents were
Upriver Bright stock raised at the Little Wite Sal non Nationa
Fish Hatchery and held at the Colunbia R ver Research Laboratory.
The juvenile Anerican shad were collected at the Bonneville Dam
juvenile fish collection facility and transported directly to
Drano Lake. The first group of 200 subyearling fall chinook
sal non were tested on 8 Septenber and 10 Septenber and a second
group of 93 yearling fall chinook salnon were tested on 13
Sept enber . Juvenil e chinook salnmon were allowed to acclinate to
the net pen for a mnimum of 24 h before hydroacoustic tests were
per f or ned. A group of 73 juvenile American shad were tested on
14 Sept enber. Because of their fragile nature and probl ens
associated with holding juvenile Anerican shad for an extended
period of tinme, hydroacoustic tests were performed on shad the
sane day as their release into the net pen.
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Acoustic target strength neasurenents were made by a
stationary transducer suspended near the center of the net pen
and oriented vertically and downward. In addition, the
transducer was al so suspended near the periphery and ai ned
hori zontally across the net pen. Al groups of net pen fish were
sanpled with both the vertical (down-Iooking) and horizontal
(side-1o0oking) transducer arrangenent. Fork lengths (FL) were
neasured for each group of experinental fish at the conpletion of
each net pen test.

Resul ts

Hydroacoustic Surveys

Juvenile ChinookSalmon.- A total of 593 juvenile fall chinook
sal mon were captured in 36 traws conducted in MNary Reservoir
during 1993. Juvenile fall chinook sal non nade up 95.6% of the
total trawl catch in McNary Reservoir with other fish species
conprising the remaining 4.4% (Table 1). The nean fork I|ength of
juvenile fall chinook salnmn captured in Goup 1 trawl surveys in
McNary Reservoir was 94 nm (range 68 mmto 114 mm) (Figure 1A).
Juvenile fall chinook salnon captured in Goup 2 traw surveys in
McNary Reservoir had a nean fork length of 112 mm (range 94 mmto
132 mm) (Figure 1B).

The nmajority of tracked fish identified in MNary Reservoir
were believed to be juvenile fall chinook salnmon and is based on
fish size and species conposition fromtrawl sanples in MNary
Reservoir. Hydr oacoustic surveys perforned in MNary Reservoir
from 27 June to 15 July (Goup 1) ensonified 740 tracked fish and
di spl ayed a nean target strength of -48.0 dB (SD = 7.5 dB; range
-60.3 dB to -24.5 dB)(Figure 2A). Hydroacoustic surveys
performed in McNary Reservoir from 20 June to 10 August (G oup 2)
identified 344 tracked fish with a nmean target strength of -46.9
dB (SD = 7.7 dB; range -58.3 dB to -29.4 dB) (Figure 2B).

American Shad- A total of 2,334 juvenile Anerican shad were
captured in 31 trawls in John Day Reservoir and nade up 98. 7% of
the total catch (Table 2). Juvenile fall chinook sal non nade up
1.3% of the total trawl catch in John Day Reservoir w th other
fish species accounting for less than 1% of the total catch. The
nmean fork length of juvenile American shad captured in Goup 3
traw surveys in John Day Reservoir was 66 nm (range 44 mmto 84
my) (Figure 3A). The nean fork length of juvenile Anmerican shad
sal non captured in Goup 4 traws was 71 mm (range 48 nmto 100

mm (Figure 3B).
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Table |.- Species conposition and length data, grouped by day,
for trawl surveys conducted in MNary Reservoir, 1993.

Tr awl Avg FL Length Range Tot al Per cent
Dat e Species? (mm) (mm) Cat ch Cat ch
6-29-93 CHN 94 68 - 110 126 100. 0
6- 30- 93 CHN 94 74 - 111 108 99.1
SCH 145 1 0.9

7-13-93 CHN 93 83 - 114 24 100. 0
7-14-93 CHN 95 76 - 113 169 100. 0
7-21-93 CHN 112 97 - 125 63 98. 4
PEM Adul t 1 1.6

7-22-93 CHN 109 94 - 118 21 95.5
LSS > 300 1 4.5

7-27-93 CHN 111 95 - 123 34 97.1
PEM Adul t 1 2.9

7-29-93 CHN 118 117 - 118 2 100. 0
8- 04- 93 CHN 118 105 - 132 15 51.7
CRP > 300 6 20.7

LSS > 300 4 13.8

PEM Adul t 2 6.9

cor Adul t 1 .4

SMB > 300 1 4

8-10-93 CHN 125 122 - 127 5 38.5
NF > 300 5 38.5

LSS Adul t 1 7.7

PEM Adul t 1 7.7

CHM Adul t 1 7.7

" Speci es abbreviations are CH\: fall chinook sal non QOtshawrscha; COT:
Cottidae; CRP: common carp Cyprius carpio; LSS: |arge scale sucker

Catostomus macrocheilus ;  PEM : peanput h  Myfocheilus caurinus, SCH:  Spring chi nook
sal non 0. rshallytscha; SMB: smal | nouth bass Mcropterussalmoides.
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Table 2.- Species conposition and |length data, grouped by day,
for trawl surveys conducted in John Dav Reservoir, 1993.

Tr awl Avg FL Length Range Tot al Per cent
Dat e Species?® (mm) () Cat ch Cat ch
8- 05-93 CHN 124 119 - 134 21 87.5

ASH 37 32 - 46 3 12.5
8- 25-93 CHN 137 1 0.3
ASH 38 23 - 66 374 99.7
8- 26- 93 CHN 135 130 - 139 3 0.3
ASH 41 26 - 75 624 99.5
9-23-93 CHN 138 133 - 142 2 1.8
ASH 61 44 - 84 110 98.2
9-24-93 CHN 133 1 3.3
ASH 69 59 - 80 29 96. 7
10-5-93 ASH 70 51 - 83 40 100. 0
10- 26- 93 CHN 170 164 - 175 2 0.2
ASH 73 62 - 92 925 99.8

10- 27-93 No Fish 0
10- 28-93 ASH 70 48 - 100 229 99. 6
cor Adul t 1 0.4

' Speci es abbreviations are ASH Anerican shad Alosa sapidissima; CHM
chi sel nout h  Acrocheilus alutaceus; CHN: fal |l chi nook sal non O. tshawytscha; COT:
Cottidae; LSS: |large scale sucker Catostomus macrocheiluss, PEM  peanout h
Mylocheilus caurinus ;  SQF :  northern squawfi sh Ptychocheilusoregonsis.
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The nmajority tracked fish identified in John Day Reservoir
were believed to be juvenile American shad. This was based on
fish size and species conposition fromtraw sanples in John Day
Reservoir. Hydr oacoustic surveys perfornmed in John Day Reservoir
from 23 Septenber to 5 Cctober (Goup 3) ensonified 231 tracked
fish which displayed a nmean target strength of -43.3 dB (SD = 5.1
dB; range -58.1 dB to -30.1 dB) (Figure 4A). Hydr oacousti c
surveys performed 26 Cctober to 28 Cctober (Goup 4) identified
221 tracked fish with a nean target strength of -41.8 dB (SD =
4.8 dB; range -57.9 dB to -22.3 dB) (Figure 4B).

In Stu Experiments

Juvenile ChinookSalmon.- Subyearling fall chinook salnon used in
net pen experinments had an average fork length of 89 mm (range 77
mmto 100 m) (Figure 1C. The average fork length of yearling
fall chinook salnon used in net pen experinments was 211 mm (range
174 mmto 239 mm) (Figure 1D). Target strengths of 173 tracked
subyearling chinook ensonified with the down-l|ooking transducer
arrangenment averaged -48.6 dB (SD = 5.9 dB; range -72.1 dB to
-35.3 dB) (Figure 20. Twenty four targets were ensonified
during net pen experinents using yearling fall chinook sal non and
had a mean target strength of -44.7 dB (SD = 5.9 dB; range -54.9
dB to -31.4 dB) (Figure 2D).

Si de-1 ooki ng hydroacoustic tests perforned using subyearling
fall chinook salnon during net pen experinments |ocated 68 tracked
fish with a mean target strength of -61.0 dB (SD = 5.9 dB; range
-76.6 dB to -45.4) (Figure 5A). Larger yearling fall chinook
sal non displayed an average target strength of -48.5 dB (SD = 5.3
dB; range -59.0 dB to 35.3 dB) from 89 tracked fish (Figure 5B).

Juvenile American shad- Juveni |l e American shad used in net pen
experinents on 14 Septenber consisted of 73 fish with a nean fork
length of 83 mm (range 68 mmto 103 mm) (Figure 4Q0). Tar get
strengths of 234 tracked juvenile Anerican shad ensonified with
t he down-| ooking transducer arrangenent averaged -50.8 decibels
dB (SD = 5.3 dB; range -72.6 dB to -36.6 dB) (Figure 5C. Si de-
| ooking results from 15 tracked fish of the sane group of
Anmerican shad had a nean target strength of -59.0 dB (SD = 6.6
dB; range -70.7 dB to -45.4 dB) (Figure 5D).

GasBubbles- Gas bubbles rising from the bottom were apparent
in many locations in MNary and John Day reservoirs.
Concentrations of gas bubbles varied fromsingle ris-ing columms
to a multitude of colums. H gh concentrations of gas bubbles
usual |y appeared as a cloud of tickmarks on the chart recorder
(Figure 6A) and nasked fish targets which appeared as distinct
tickmarks in the absence of gas bubbles (Figure 6B). Tar get
strengths of 533 tracked gas bubbles identified during
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hydr oacoustic surveys conducted on MNary Reservoir from 29 June
to 30 June exhibited a nmean target strength of -43.1 dB (SD = 6.3
dB; range -62.6 dB to -26.2 dB) (Figure 6C).

D scussi on

Hydroacoustic target strength is directly related to fish
size and will increase as fish size increases. It is also
expected that multiple fish of the sane species and within the
sanme size range will display simlar acoustic properties. Thi s
is evident in the conparison of target strengths of juvenile fal
chinook salnmon from Goup 1trawl surveys in MNary Reservoir and
subyearling fall chinook salnon used during insitu experinments.

The nean target strengths of these two groups differed by only
0.6 dB as is not unexpected given the small difference between
average fork lengths and the conplete overlap in fork length
ranges. Although the average target strengths of tracked fish
recorded for Goup 1 are simlar to those recorded for
subyearling fall chinook salnon during insitu experinents, the
overall range of target strengths between the two groups is quite
di stinct. The greater nunber of tracked fish in Goup 1wth

hi gher target strengths was likely due to sonme larger fish that
were ensonified during the hydroacoustic surveys.

The relationship of increasing target strength with
increasing fish size is not evident when yearling and subyearling
fall chinook sal nbn net pen tests are conpared. The average fork
length of yearling fall chinook salnon used during insitu
experiments was 211 mm which is nore than double that of the
subyearling fall chinook salnmon tested (89 mm. Although the
size difference was considerable, the disparity between the nean
target strength of yearling and subyearling fall chinook sal non
(-44.7 dB and -48.6 dB, respectively) was not as great as
expected for down-1looking tests. In side-looking tests, the
separation of target strength ranges for tracked subyearling and
yearling chinook salnon is slightly nore apparent, but still not
as great as expected. In both cases, these unexpected results
may be due to behavioral differences duringinsitu experinments
and/or their orientation or location in the transducer beam

The average target strengths recorded for Anerican shad
tracked during hydroacoustic surveys in John Day Reservoir were
hi gher than those obtained from shad in net pen tests. Thi s
result is especially confusing considering the nean fork |ength
of fish in John Day Reservoir was snaller than that of net pen
fish. The opposite result should have been obtained if target
strength increases with increasing fish size. However, the
target strengths recorded for tracked fish during Anerican shad
net pen tests are believed to be accurate for the size of fish
used. This is based on the close agreenment between target
strengths and fork |engths of Anerican shad when 1993 net pen
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data is conpared with 1994 field data from John Day Reservoir
(unpublished data) . The counterintuitive 1993 John Day Reservoir
results may have been due to errors in calibration or suboptinal
equi prent  settings. Hydr oacoustic equi pnrent was returned to the
factory for recalibration at the end of the 1993 field season
Further investigation and analysis of 1993 and 1994 data wl
enhance the interpretation of 1993 results.

The limts of wusing hydroacoustics to distinguish different
fish species of simlar size is apparent when exam ning the
results of insitu experinments using subyearling fall chinook

sal ron and juvenile Anerican shad. The simlarity in sizes and
target strengths of these two species nakes them acoustically

i ndi stinguishable from each other. Wthout the distinct
separation in mgration timng of juvenile fall chinook sal non
and Anmerican shad, the use of hydroacoustics would not be a
beneficial tool for assessing differences in magration behavior
and distribution.

The average target strength of tracked gas bubbles were
conpared with that of tracked fish to determne if separation of
fish from gas bubbles was possible using autonated processing
par anet ers. Al t hough the average target strength of tracked
bubbles was -43.1 dB, which was only slightly higher than the
average target strengths recorded for tracked juvenile chinook
sal nron and American shad, the overall range of target strengths
for tracked gas bubbles was |arge and overlapped all ranges of
tracked fish targets recorded during hydroacoustic surveys and
net pen experinents. This extensive overlap of target strengths
and the dense concentrations encountered in many areas of the
reservoirs made the task of separating gas bubbles from fish
i mpracti cal . Thorne et al. (1992) attenpted a simlar analysis
using Lower Granite Reservoir data and concluded that this was a
| aborious and inaccurate task.

In summary, hydroacoustic and traw surveys of MNary and
John Day reservoirs revealed that the majority of the fish
tracked in McNary Reservoir were juvenile fall chinook sal non
while juvenile American shad dom nated John Day Reservoir
sanpl es. Target strengths of juvenile fall chinook sal non
tracked in McNary Reservoir were sinmlar to those of both
subyearling and yearling fall chinook salnon used in net pen
t ests. The target strengths of yearling chinook salnon in net
pens were |ower than expected given they were alnbst tw ce as
large as all other juvenile fall chinook sal non surveyed or
tested. A conparison of field surveyed and net pen tested
juvenile Anerican shad did not support the relationship that
target strength increases with an increase in fish size. Thi s
counterintuitive finding may have been due to subopti nmal
equi prrent  per f or mance.
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LI ST OF APPENDI CES

Data used in the 1993 em gration rate analysis.

Data for chinook salnmon juveniles that were PIT tagged
in the Snake and C earwater rivers, diverted at Lower
Ganite Dam and anal yzed by el ectrophoresis, 1993.

Total nunber of incidental fish caught by beach seine
in McNary Reservoir and the Hanford Reach of the
Col unbi a Ri ver, Washi ngton, 1993.

Mean catch/seine haul (CPUE) of subyearling chinook

sal mon caught by beach seine during one week sanpling
intervals in McNary Reservoir and the Hanford Reach of
the Colunbia R ver, Washington and in the Snake River

| daho, Oregon, and Washi ngton, 1993.

Mean fork length (FL) and standard deviation (SD) of
subyear!ing chinook sal mon caught by beach seine
during one week sanmpling intervals in MNary Reservoir
and the Hanford Reach of the Colunbia River,
Washington and in the Snake R ver, |daho, O egon, and
Washi ngt on, 1993.

Sunmmary of the nunber of subyearling chinook sal non

marked with coded wire tags and brands or considered
not suitable for marking at MNary Dam during 1993.
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Appendix 1. Data used in the 1993 emigration rate analysis.

TAG-FILES TAG_ 1D$ REL_SZ LN_SZ MGR_FLOW LN_FLOW MGR_TEMP LN_TEMP REL_TEMP LN

_ REL_T MIGR_RATE
WPC93139.G51 7F7D251179 60

4.0943 107.2  4.6749 14.5 2.6731 14 2.6391 1.7
WPC93145.629 7F7D393F52 65  4.1744 85.5  4.4483 15.5 2.7434 13.2  2.5802 1
WPC93145.A51 7F7D340E75 60  4.0943 98.0 4.5854 14.8  2.6917 15 2.7081 1.9
WPC93145.G34 7F7D4A3667 61  4.1109 81.7 4.4029 15.9  2.7639 14.8 2.6946 1
WPC93147.G53 7F7D393D72 a4  4.4308 109.8 4.6985 14.3  2.6598 15.3  2.7279 2.8
WPC93152.G29 7F7D457E3A 74  4.3041 87.2  4.4684 15.1 2.7178 14.7 2.6878 1.5
WPC93153.G633 7F7D39715B 74 4.3041 61.8 4.1233 17.7 2.8732 15 2.7081 0.7
WPC93154.254 7F7D341F0OD a2  4.4067 80.9  4.3926 15.6  2.7441 13 2.5649 2
WPC93155.G30 7F7D341269 77  4.3438 76.6  4.3382 15.9 2.7677 15 2.7081 1.2
WPC93159.W37 7F7D3A0BOE 86  4.4543 76.1 4.332 15.9 2.766 13 2.5649 1.7
WPC93159.W34 7F7D357A4A 63  4.1431 76.8  4.3415 15.8 2.7625 13 2.5649 1.7
WPC93159.W42 7F7D393448 63  4.1431 72.9  4.2889 16.2  2.7859 14 2.6391 1.6
WPC93159.W42 7F7D39327C 62 4.1271 69.9 4.247 16.5 2.8055 14 2.6391 1.4
WPC93159.W41 7F7D394035 a4  4.4308 85.8  4.4516 15.3  2.7283 15 2.7081 2.5
WPC93159.W41 7F7D393EL3 72 4.2767 84.7 4.4385 15.3  2.7307 15  2.7081 2.4
WPC93159.W34 7F7D3A033B 68  4.2195 93.8 4.5414 15.2 2.718 13 2.5649 2.8
WPC93159.E41 7F7D453A31 61  4.1109 73.4  4.2959 16.2  2.7822 14 2.6391 1.6
WPC93160.A51 7F7D3F3CH1 67  4.2047 68.6 4.228 16.7 2.8133 14 2.6391 1.6
WPC93160.226 7F7D394335 81 4.3944 70.3  4.2535 16.4  2.7996 14 2.6391 1.2
WPC93160.226 7F7D3A0543 80 4.382 69.9  4.2468 16.5  2.8019 14  2.6391 1.2
WPC93160.G42 7F7D392276 66  4.1897 69.9  4.2468 16.5 2.8019 14 2.6391 1.5
WPC93160.G32 7F7D364E30 61  4.1109 72.4  4.2816 16.2 2.787 15  2.7081 1.4
WPC93160.226 7F7D397C28 a2  4.4067 80.5  4.3885 15.6  2.7471 14  2.6391 1.7
WPC93162.W24 7F7D454234 64 4.1589 81.1 4.396 15.6  2.7444 13.5  2.6027 2.1
WPC93162.E29 TF7D4A2B72 67 4.2047 86.7 4.4622 15.5 2.7418 14 2.6391 2.7
WPC93162.E29 7F7D455054 77 4.3438 68.4 4.2249 16.6 2.8069 14 2.6391 1.3
WPC93162.E29 7F7D3F3ES6 a2  4.4067 68.8 4.2311 16.5 2.8044 14 2.6391 1.3
WPC93166.E62 7F7D101D4C 63  4.1431 67.1  4.2066 16.3  2.7929 14  2.6391 3
WPC93166.E61 7F7D38154F 76  4.3307 64.7 4.1695 16.6 2.8108 14.5 2.6741 2.5
WPC93166.E66 7F7D472D38 70  4.2485 64.3  4.1637 16.7 2.8142 15 2.7081 2.6
WPC93166.E63 7F7DOF6819 86  4.4543 66.6 4.1981 16.4  2.7961 15  2.7081 3.1
WPC93167.A51 7F7D3A0429 86  4.4543 61.5 4.1192 16.9 2.8295 16  2.7726 2
WPC93167.229 T7F7D397E2D 75  4.3175 65.3 4.1785 16.4  2.7994 15 2.7081 1.9
WPC93167.A51 7F7D347539 a4  4.4308 65.8 4.1867 16.4  2.7962 16 2.7726 2.8
WPC93167.232 7F7D393E60 60  4.0943 75.5  4.3245 15.9 2.7682 15 2.7081 3.4
WPC93167.229 T7F7D3E2B10 64  4.1589 48.5 3.8813 18.6  2.9216 16  2.7726 0.7
WPC93168.W40 7F7D39367D 76  4.3307 72.3  4.2806 16.0 2.77 14 2.6391 3.9
WPC93168._W47 7F7DOE332C 97  4.5747 61.4 4.118 16.8 2.8238 15  2.7081 2.1
WPC93169.W24 7F7DOFO1TF 70  4.2485 70.2  4.2509 16.0 2.7726 15.5  2.7408 3.2
WPC93169.E29 7F7D34293A 63  4.1431 58.3  4.0663 17.2  2.8468 15  2.7081 1.3
WPC93169.E29 7F7D34217D 72 4.2767 59.1  4.0784 17.1 2.8374 15  2.7081 1.4
WPC93169.E28 7F7DOE2834 88  4.4773 66.3  4.1946 16.1 2.7818 16 2.7726 2.6
WPC93173.229 7F7D4A3A0A 94  4.5433 59.5  4.0854 16.3 2.7881 16.9 2.8273 3.2
WPC93175.W34 7F7D392E60 71 4.2627 56.2  4.0293 16.5 2.8011 14.5 2.6741 3.7
WPC93175.E36 7F7D392650 76  4.3307 53.9 3.9875 17.1 2 .a395 16 2.7726 2.4
WPC93175.E36 7F7D393268 71 4.2627 53.3 3.9767 17.5  2.8596 16 2.7726 1.8
WPC93180.A51 7F7D396C04 93  4.5326 50.6 3.923 7.1 2.8362 16.8 2.8214 4.3
WPC93181.E54 7F7D3A0ANF 91  4.5109 51.1  3.9338 17.6  2.8693 16.7 2.8154 2.9
WPC93195.226 T7F7D3D7462 122 4.804 52.0 3.9518 18.3  2.9048 18.6  2.9232 4.2
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Appendix 2.

diverted at Lower Granite Dam,

Data for chinook salmon juveniles that were PIT tagged
and analyzed by etectrophoresis,

in the Snake and Clearwater rivers,

Tag code Release Release Detection Days at Race Age
date length large
(mm) date length

7F7D3A070C  02-Jun 91 Snake 17-Jun 107 15.6 Spring/Sumner 0
7F7D446310  01-Jun 86 Snake 20-Jun 112 18.8 Spring/Sumner 0
7F70397D16  02-Jun 87 Snake 20-Jun 106 17.9 Spring/summer 0
TF7D4A3943  08-Jun 87 Snake 22-Jun 105 14.2 Spring/summer 0
7F7D42462B  18-May 75 Snake 24-Jun 120 37.6 Spring/summer 0
7F70393739  18-Jun 71 Snake 25-Jun 99 6.8 Spring/Sumner 0
TF7D4A4517  25-May 76 Snake 25-Jun 110 30.7 Spring/summer 0
7F7D454000  16-Jun 93 Snake 26-Jun 105 10.3 Spring/Sumner 0
7F7D396F17  08-Jun 86 Snake 26-Jun 108 17.7 Spring/Sumner 0
7F7D39732C  07-Jun 82 Snake 27-Jun 120 19.4 Spring/summer 0
7F7D34286F  01-Jun 81 Snake 27-Jun 116 25.7 Spring/summer 0
7F7DOE154F 1S-May 66 Snake 27-Jun 109 39.9 Spring/summer 0
7F7DOE3615  17-Jun 96 Snake 27-Jun 108 9.8 Spring/summer 0
7F7DOF3843  19-May 70 Snake 27-Jun 115 38.9 Spring/summer 0
7F7D392D0C  01-Jun 60 Snake 28-Jun 71 27.2 Spring/summer 0
7F7D394141 02-Jun 94 Snake 28-Jun 125 25.6 Spring/summer 0
7F7DOE1446  01-Jun 85 Snake 28-Jun 120 26.4 Spring/summer 0
7F7D10083C  18-May 64 Snake 29-Jun 113 42.2 Spring/summer 0
7F7D393C5A  08-Jun 92 Snake 29-Jun 120 21 Spring/Sumner 0
7F7D39254B  08-Jun 98 Snake 30-Jun 120 21.9 Spring/Sumner 0
7F7D392742 11-Jun 71 Snake 30-Jun 114 19 Spring/summer 0
7F7D394300 01-Jun 75 Snake 30-Jun 107 28.4 Spring/Sumner 0
7F7D39747F  27-May 68 Snake 30-Jun 107 33.8 Spring/summer 0
7F70393A16  08-Jun 78 Snake 03-Jul 112 24.8 Spring/Sumner 0
7F7D4A3038  22-Jun 108 Snake 03-Jdul 119 10.7 Spring/Sumner 0
7F7D364F01  22-Jun 91 Snake 04-Jut 107 12 Spring/Sumner 0
TF7DOD766C  24-Jun 104 Snake 04-Jut 122 10.5 Spring/Sumner 0
7F7D340D60  02-Jun 73 Snake 05-dut 114 33.1 Spring/Sumner 0
7F7D340D51 25-May 64 Snake 06-4Jul 122 42.1 Spring/Sumner 0
7F7D392C04  02-Jun 66 Snake 06-Jul 91 34 Spring/summer 0
7F7D3F2A3D  18-Jun 99 Snake 06-Jul 116 17.9 Spring/Sumner 0
7F7D461502  25-May 72 Snake 06-Jut 114 41.7 Spring/Sumner 0
7F7D397322  02-Jun 65 Snake 06-Jul 104 33.7 Spring/Sumner 0
7F7D394046  16-Jun 86 Snake 07-Jut 120 19.4 Spring/summer 0
7F7D460C3A  25-May 68 Snake 08-Jul 126 43.6 Spring/summeT 0
7F7D1E6D23  22-Jun 93 Snake 09-Jul 120 17.1 Spring/summer 0
7F7D340D08  10-Jun 76 Snake 09-Jul 132 28.4 Spring/summer 0
7F7D392C3D  09-Jun 76 Snake 09-Jul 132 30 Spring/summer 0
7F7D360E46  08-Jun 78 Snake 09-Jul 119 30.8 Spring/summer 0
7F7D4A3A60  18-Jun 87 Snake 10-Jut 115 21.8 Spring/summer 0
7F7D397F2B  27-May 69 Snake 10-Jul 128 45.2 Spring/summer 0
7F7D472A1F  16-Jun 75 Snake 11-dul 115 24.8 Spring/summer 0
7F7D0E3ECL  19-May 63 Snake 12-Jul 123 53.8 Spring/summer 0
7F7DOE3F5B  19-May 67 Snake 13-Jul 129 54.6 Spring/summer 0
TF7D4A2B2E 11-Jun 89 Snake 13-Jul 131 31.8 Spring/summer 0
7F7D452A15  0B-Jun 75 Snake 13-dul 35.2 Spring/summer
7F7DOF7328 08-Jun 62 Snake 14-Jul 136 36 Spring/summer 0
7F7D39257E  27-May 67 Snake 14-Jul 128 47.7 Spring/summer 0
7F7D461378  25-May 60 Snake 14-Jul 117 49.6 Spring/summer 0
7F7D357C33  01-Jun 70 Snake 15-Jut 127 43.6 Spring/Sumner 0
7F7D4A323C  25-May 60 Snake 16-Jul 121 52.1 Spring/summer 0
7F7D370A20  07-Jun 70 Snake 18- Jul 143 40.3 Spring/summer 0
7F7D393002  29-Jun 117 Snake 19-Jdul 147 19.7 Spring/summer 0
7F7D453E4E  08-Jun 91 Snake 19-Jul 138 41.3 Spring/summer 0
7F7D454D3D 11-Jun 84 Snake 19-Jul 137 37.9 Spring/summer 0
7F7D392635  25-May 63 Snake 19-Jul 146 54.7 Spring/summer 0
7F7D342940  07-Jun 67 Snake 19-Jdul 148 41.3 Spring/summer 0
7F7D394005  08-Jun 100 Snake 21-Jdul 146 43.3 Spring/summer 0
TF7D453D4E 11-Jun 85 Snake 21-Jdul 140 40 Spring/Sumner 0
7F7D2B6305  02-Jun 72 Snake 21-Jul 126 48.6 Spring/summer 0
7F7D457844  08-Jun 72 Snake 23-Jul 143 45.5 Spring/summer 0
7F7D393A5A  08-Jun 70 Snake 26-Jul 138 48.3 Spring/Sumner 0
7F7DOF3466  15-Jun 90 Snake 26-Jul 142 41 Spring/summer 0
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Appendix 2. (Continued).

Tag code Release Release Release Detection Days at Race Age
date Length site large
(mm} date length

7F7D457C33  19-May 61 Snake 27-Jul 153 68.6 Spring/summer 0
7F7D401A62 10-Jun 65 Snake 28-Jul 113 48.3 Spring/summer 0
7F7D393D4A  08-Jun 61 Snake 30-Jul 145 51.9 Spring/summer 0
7F7D420B03  16-Jun 77 Snake 25-Aug 166 68.6 Spring/summer 0
7F7D393D72 27-May 84 Snake 25-Jun 121 28.5 Fall 0
7F7D3A0338  08-Jun 68 Snake 30-dun 91 22 Fall 0
7F7D4A2B72  11-Jun 67 Snake 01-Jul 97 20.5 Fall 0
7F7D393E60  16-Jun 60 Snake 03-Jul 87 17.4 Fall 0
7F7D251179 19-May 60 Snake 04-Jul 45.7 Fall

7F7DOF617F  18-Jun 70 Snake 04-Jdul 95 15.7 Fall 0
7F7D393670  16-Jun 68 Snake 04-Jul 113 17.3 Fall 0
7F7D394035 08-Jun 84 Snake 05-dul 115 26.8 Fall 0
7F7D360E75  25-May 60 Snake 05-Jul 120 40.9 Fall 0
7F7D393E63  08-Jun 72 Snake 06-Jul 104 28.1 Fall 0
7F7D454234 11-Jun 64 Snake 06-Jul 90 24.8 Fall 0
7F7DOE2834  18-Jun 88 Snake 09-Jul 122 21 Fall 0
7F7D457E3A  01-Jun 74 Snake 09-Jdul 133 37.5 Fall 0
7F7D397C28 09-Jun 82 Snake 09-Jdul 124 30.3 Fall 0
TF7D4A3A0A 22-Jun 94 Snake 10-Jul 121 17.7 Fall 0
7F7D392E60  24-Jun 71 Snake 11-4dul 99 16.4 Fall 0
7E7D101D4C  15-Jun 63 Snake 14-Jul 107 29.2 Fall 0
TF7D347539  16-Jun 84 Snake 14-Jul 129 28.1 Fall 0
7F7D357A4A  08-Jun 63 Snake 14-Jul 121 35.9 Fall 0
7F7D341FOD  03-Jun 82 Snake 14-Jul 144 41 Fall 0
7F7D397E2D  16-Jun 68 Snake 15-Jul 122 28.9 Fall 0
7F7D3A0BOE  08-Jun 86 Snake 15-Jul 143 37.2 Fall 0
7F7DOF6819 15-dun 86 Snake 15-Jul 131 29.5 Fall 0
7F7D396C04  29-Jun 93 Snake 17-Jul 121 18.1 Fall 0
7F7D393F52  25-May 65 Snake 20-Jul 142 56 Fall 0
7F70341269  04-Jun 77 Snake 20-Jul 125 45.8 Fall 0
7F7D364E30  09-Jun 61 Snake 20-Jul 123 41.2 Fall 0
7F7D453A31 08-Jun 61 Snake 20-Jul 121 41.8 Fall 0
7F7D38154F  15-Jun 76 Snake 20-Jul 120 34.9 Fall 0
7F7D393448  08-Jun 63 Snake 21-Jul 129 42.7 Fall 0
7F7D472D038  15-Jun 70 Snake 21-Jul 125 36.2 Fall 0
7F7D392650 24-Jun 76 Snake 21-Jul 107 26.8 Fall 0
7F7DOE332C 17-Jun 97 Snake 22-Jul 157 34.9 Fall 0
7F7D3F3ES6 11-Jun 82 Snake 23-Jul 144 41.8 Fall 0
7F7D455054 11-Jun 77 Snake 24-Jul 142 427 Fall 0
7F7D394335 09-Jun 81 Snake 24-Jul 149 447 Fall 0
7F7D3A0543  09-Jun 80 Snake 25-Jul 137 45.6 Fall 0
7F7D392276  02-Jun 60 Snake 25-Jul 132 45.9 Fall 0
7F7D3A0429  16-Jun 86 Snake 26-Jul 145 40 Fall 0
7TE7D4A3667  25-May 61 Snake 27-Jul 146 63.3 Fall 0
7F7D3D7462  14-Jul 122 Snake 27-Jul 131 12.7 Fall 0
7F7D34217D 18-Jun 72 Snake 27-Jul 135 39.2 Fall 0
7F7D39327C 08-Jun 62 Snake 28-Jul 131 49.8 Fall 0
7F7D3A0ATF 30-Jun 91 Snake 28-Jul 126 28.1 Fall 0
7F7D393268 24-Jun 71 Snake 29-Jul 125 34.6 Fall 0
7F7D3F3C61 09-Jun 67 Snake 29-Jul 141 50.3 Fall 0
7F7D34293A  18-Jun 63 Snake 30-Jul 132 41.6 Fall 0
7F7D397158  02-Jun 74 Snake 25-Aug 177 84.4 Fall 0
7F7D3E2B10  16-Jun 64 Snake 02-Sep 171 77.8 Fall 0
7F7D1BSE74 16-Jun 86 Lower Granite R. 21-Jul 140 35.2 Spring/summer 0
7F7D454D16  09-Jun 61 Lower Granite R. 24-Jun 71 15.4 Spring/Sumner 0
TF7D454F7D  09-Jun 79 Lower Granite R. 22-Jul 142 43.5 Spring/summer 0
7F7DOE1913  16-Jun 67 Lower Granite R. 16-Jul 106 30.3 Fall 0
7F7D453B54  02-Jun 62 Lower Granite R. 23-Jul 138 51.4 Fall 0
7F7D392251 01-Jut 68 Clearwater 25-Jul 98 23.72 Spring/summer 0
7F7D44607D 15-Jul 82 Clearwater 20-Jul 81 5.36 Spring/summer 0
7F7D3A0148  01-Jul 75 Clearwater 14-Jul 78 13.36 Fall 0
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Appendi x 3. -Total nunber of incidental fish caught by beach
seine in McNary Reservoir and the Hanford Reach of the Col unbia
River, Washington, 1993.

Common Nane Scientific Name Total Catch

McNary Hanford

Carp Cyprinus carpio 3 21

Chi sel nouth Acrochei | us 1 0
al ut aceous

Crappi e Ponoxi s spp. 0 3

Largenout h bass M cr opt erus 2 0
sal noi des

Largescal e sucker Cat ost orrus 54 23
nmacr ochei | us

Mountain whitefish Pr osopi um 18 9
wi | |ianmsoni

Northern squawfi sh Pt ychochei | us 19 195
or egonensi s

Peanout h M/l ochei | us 20 129
caurinus

Rai nbow trout Oncor hynchus 2 32
nyki ss

Redsi de shi ner Ri char dsoni us 0 84
bal t eat us

Sal nmon Oncor hynchus spp. 1 0

Scul pi ns Cotti dae 35 11

Smal | mout h bass M cr opt erus 33 2
dol om eui

Spring chi nook Oncor hynchus 53 27
t shawyt scha

Suckers Cat ost orrus spp. 5 5

Thr eespi ne sti ckl eback Gast er ost eus 13 283
acul eat us

wal | eye Sti zost edi on 3 0
vitreum

Yel | ow perch Perca flavescens 5 11

Uni denti fi ed 1 18
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Appendi x 4.-Mean catch/seine haul (CPUE) of subyearling chinook
sal nron caught by beach seine during one week sanpling intervals in
McNary Reservoir and the Hanford Reach of the Colunbia River,
Washi ngton and in the Snake River, |daho, Oegon, and Washi ngton,
1993.

Week Begi nni ng McNary Reservoir Hanford Reach Snake River
Wth Mean CPUE Mean CPUE Mean CPUE

3/ 22 6
3/ 29

4/ 5

4/ 12 8 13
4/ 19

4/ 26 20 307
5/ 3

5/ 10 31

5/ 17

5/ 24 264 229
5/ 31

6/7 114 87
6/ 14

6/ 21

6/28 24 15
7/5

7/ 12 1 1
7/ 19

oA

TN NOOICIOTRRNDE, R -

N
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Appendi x 5.- Mean'fork length (FL) and standard devi ation (SD) of
subyearling chinook sal nmon caught by beach seine during one week
sanpling intervals in McNary Reservoir and the Hanford Reach of the
Col unbi a River, Wshington and in the Snake River, |daho, Oregon,
and Washi ngton, 1993.

Week Beginning MNary Reservoir Hanford Reach Snake River

Wth EL SD FL SD FL SD
3/ 22 41.9 1.9
3/ 29
4/ 5 39.7 1.5
4/ 12 47.8 4.7 41.5 1.8 43.0 4.6
4/ 19 45.9 4.5
4]/ 26 47. 4 6.6 43.7 4.2 47.9 5.6
5/3 49. 8 6.7
5/ 10 45. 6 6.1 49.1 7.0
5/ 17 57.3 11.0
5/ 24 50.0 7.0 46.2 6.4 54.0 10.5
5/ 31 60.3 11.1
6/ 7 56. 8 8.6 51.9 8.9 69.6 11.6
6/ 14 69.1 11.5
6/ 21 80.0 16.7
6/ 28 73.9 8.8 62.4 7.6 82.5 13.9
715 93.1 10.8
7112 85.0 4.4 79.3 4.5 100.6 9.7
7/ 19 94.2 14.3
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Appendix 6. -Summary of the number of subyearling chinook salmon marked with coded wire tags and brands or considered
not suitable for marking at McNary Dam during 1993.

MARKED 48 HOUR DELAYED MORTALITY UNMARKABLE
AND TAG LOSS

CWT ’ Marked & Held & Total #lost XTag | Prev. Under- Other Total
Date Code Brand Bypassed Trans. Mark. {#Morts XMort Tags Loss |Branded Desc. Size Unmark. Urmark.
Jun 24 33-18 RAWL 5,374 50 5,424 0 0.0 0 0.0 15 194 144 1,533 1,886
Jun 25 33-18 RAW2 3,706 50 3,756 0 0.0 0 0.0 22 110 77 637 846
Jun 26 33-18 RAW3 2,792 50 2,842 0 0.0 0 0.0 43 47 93 288 471
Jun 27 33-19 RAW4 4,647 50 4,697 0 0.0 1 2.0 51 60 167 419 697
Jun 28 33-19 LAWL 4,405 50 4,455 0 0.0 0 0.0 58 50 114 309 531
Jun 29 33-19 LAW2 2,975 50 3,025 0 0.0 0 0.0 53 34 28 133 248
Jun 30 33-20 LAW3 4,635 50 4,685 0 0.0 0 0.0 76 44 54 204 378
Jul 1 33-20 LAWA 3,349 50 3,399 0 0.0 0 0.0 50 27 86 154 317
Jul 2 33-20 RA2J1 4,061 50 4,111 0 0.0 2 4.0 79 50 37 204 370

Subtotal 35,944 450 36,394 0 0.0 3 0.7 447 616 800 3,831 5,744
Jul 9 33-2T RAZTT 3.249 50 3,299 1 2.0 1 2.0 46 44 52 182 324
Jul 10 33-21 RAZT3 5,201 50 5,251 1 2.0 2 4.0 106 50 63 291 510
Jul 11 33-21 LAZ2T1 3,428 5 . 3,478 1 2.0 1 2.0 52 35 5 205 297
Jul 12 33-22 LA2T3 2,811 50 2,861 0 0.0 0 0.0 55 32 7 212 306
Jul 13 33-22 RA2P1 5,176 50 5,226 0 0.0 0 0.0 66 45 3 269 383
Jul 14 33-22 RAZ2P3 3,871 50 3,921 0 0.0 0 0.0 33 27 7 222 289
Jul 15 33-23 [A2P1 3,228 50 3,278 0 0.0 0 0.0 28 25 6 230 289
Jul 16 33-23 LA2P3 3,752 50 3,802 0 0.0 0 0.0 33 143 3 330 409
Jul 17 33-23 RAUL 2,662 50 2,712 0 0.0 0 0.0 24 30 0 290 344
Jul 18 33-23 RA9U3 2,177 50 2,227 1 2.0 0 0.0 8 39 1 331 379

Subtotal 35,555 500 36,055 4 0.8 4 0.8 451 370 147 2,562 3,530
Jul 27 33-24 RAZVI 3,365 50 34157 0 0.0 0 0.0 22 . 99 3 270 394
Jul 28 33-24 RA2V3 5,451 50 5,501 0 0.0 1 2.0 17 114 0 338 469
Jul 29 33-24 LA2V1 2,982 50 3,032 0 0.0 1 2.0 10 82 0 206 298
Jul 30 33-25 LA2V3 982 50 1,032 0 0.0 0 0.0 4 26 0 113 143
Jul 31 33-25 RA2L1 6,003 50 6,053 1 1 2.0 0 0.0 14 120 0 380 514
Aug 1 33-25 RA2L3 4,865 50 4,915 0 0.0 0 0.0 32 59 2 301 394
Aug 2 33-26 LA2L1 5,251 50 5301] 0 0.0 0 0.0 31 103 0 292 426
Aug 3 33-26 LA2L3 3,649 50 3,699 0 0.0 1 2.0 10 70 0 285 365
Aug 4 33-26 RA2C1 3,030 50 3,080 | 1 2.0 0 0.0 18 54 2 229 303

Subtotal 35,578 450 36,0281 2 0.4 3 0.7 158 727 7 2,414 3,306

SUMMARY

MARKED 48 HOUR DELAYED MORTALITY UNMARKABLE
AND TAG LOSS
Marked & Held & Total flost XTag |Prev. Under- Other Total
Bypassed Trans. Mark. {#Morts %Mort Tags Loss |Branded Desc Size Unmark.Unmark.
TOTAL 107,077 1,400 108,477 6 0.4 10 0.7 1,066 1,713 954 8,857 12,580

157



