MIGRATION
CHARACTERISTICS OF
JUVENILE CHINOOK

PIT Tag Study Analyses

by P. DeVries, R2 for USACE
with F. Goetz, K. Fresh, D. Seiler, C. Simenstad
(and many others)



PIT Tag Detection

Juvenile PIT Tag
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Species

Chinook

Coho

Sockeye
Steelhead

Origin

Natural
Hatchery

Natural
Hatchery

Natural
Natural

Tagging Numbers:

Issaguah
Creek
Hatchery

4676

All Species

Bear
Creek

2132

1011
12

3

Cedar
River

Montlake Hatchery

Uw

Lake
Union

Total Numbers Tagged and Released:

1550
67

1235

8
22

67
635

37
5

164

2015

114
1892

239
333

2219

Metro
Laboratory



Chinook Tagging/Detection Numbers

Natural
Hatchery

Natural
Hatchery

Natural
Hatchery

Natural
Hatchery

Issaguah Bear Cedar Uw Lake Metro
Hatchery Creek River Montlake Hatchery Union Lab

Total Numbers Tagged and Released.:

- 2132 1550 67 - 114 -
4676 - 67 635 2015 1892 204

Total Numbers Detected in Smolt Flumes:

- 249 413 19 == 41 ==
1630 == 4 235 996 593 21

Estimated Total Numbers Passing Through Smolt Flumes:

- 270 446 20 - 45 -
1762 - 4 252 1073 643 22

Estimated Percent Passing Through Smolt Flumes:

- 13% 29% 30% == 39% ==
38% = 6% 40% 53% 34% 11%



Cumulative Percent

Tag & Release Dates

100%
Issaquah Hatchery Release
5/15/01; n=4676
hinook
5 80% | R Chinoo
0 UW Hatchery Release —e— Bear Creek (Natural; n=2132)
S 5/21/01; n=2015
E 60% | ¢+ & [/ | —&— Cedar River (Natural, n=1550)
- —0O— Cedar River (Hatchery; n=67)
c
@®© —aA— Montlake (Natural; n=67
S 40% ‘ )
g) —A— Montlake (Hatchery; n=635)
% —e— Lake Union (Natural, n=114)
= 20%
—0— Lake Union (Hatchery; n=1892)

0% .
5/1/01 5/15/01 5/29/01 6/12/01 6/26/01 7/10/01 7/24/01




Cumulative Percent Detected

Passage Timing at Locks

100%
| Chinook

80% -

60% -
—a— ISsaquah Hatchery

40% —e— Bear Cr
—s— Cedar R
—o— Montlake

20% —s— UW Hatchery o
—o—Lake Union

5/1/01 5/15/01 5/29/01 6/12/01 6/26/01 7/10/01 7/24/01



Cumulative Percent Detected

100%

80%

60%

—a—— Issaquah Hatchery
——Bear Cr

%4 s, Cedar R
Montlake

——— UW Hatchery

20% ———Lake Union
Moon at Apogee
I ghnagEsant — — Moon at Perigee
0% goooooacabootiisniloot neaee®, . 4 ) " ' : —

5/1/01 5/15/01 5/29/01 6/12/01 6/26/01 7/10/01 7/24/01



Passage Timing & Lunar Cycle: 2000

Test Hatchery Chinook

1 Released at Metro Lab, 5/26 (n=163)
g —— Released at Metro Lab, 5/28 (n=192)
S —o— Released at Metro Lab, 6/1 (n=256)
oM —e— Released at Montlake, 5/26 (n=83)
2 —— Released at Montlake, 5/28 (n=112)
© —s— Released at Montlake, 6/1 (n=113)
% —— Moon at Apogee
Q 44U
= 30% -
8 20% -
o 0%+ |
O 0o e

5/18/00  5/25/00 6/1/00 6/8/00 6/15/00  6/22/00  6/29/00 7/6/00

Tributary Chinook

100% | | | |
® 90% +----do--po-ooooogooo oo I e
2 gog | | ——BearCr,Released 5/23-6/7(n=37) | = #,9
A —— Cedar R, Released 5/24-6/7 (n=35)
- (0% 77 —-o—lIssaquah Cr, Released 5/23 & 6/1 (n=2) =~ A
® 60% | — MoonatApogee foo
@ 50% 4 | - T R -
S 40% 1| P 3o o
2 80% 4 | R
O 209 T----f-m-tommmmmdemoen oo B EETTI
L 10% oot e
0% e e

5/18/00  5/25/00 6/1/00 6/8/00 6/15/00  6/22/00  6/29/00 7/6/00



Mean Length (mm)

Mean Length (mm)

130
125 +
120 +
115 A
110 +
105 +
100 +

95 A

Fish Growth - 2001

Lake Union Chinook

g
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90

4/29/01

120 ~
110 A
100
90 +
80 1
70 A
60 A
50

&

5/20/01 6/10/01 7/1/01
Date Captured

Bear Creek Chinook
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Date Captured
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Montlake Chinook

4/29/01
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| | |
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5/20/01 6/10/01 7/1/01
Date Captured
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Percent Smaller Than

100%

Percent Smaller Than

Fish Size & Passage - 2001

Issaquah Hatchery Chinook

80% -

60% -

40% -

20% -

0% 4

—e— Released (n=4671)

—o— Detected at Locks (n=1628)

50 60 70 80

100%

80%

60%

40%

20%

0%

Length at Time of Tagging (mm)

UW Hatchery Chinook

—e— Released (n=2015)

—o— Detected at Locks (n=996)

70 80 90 100 110
Length at Time of Tagging (mm)

Percent Smaller Than

Percent Smaller Than

100%
80% -
60% -
40% -
20% -

0% 4
70

100%

80%

60%

40%

20%

0%

All Lake Union Chinook

—e— Released (n=1956)

—o— Detected at Locks (n=631)

90 110 130 150
Length at Time of Tagging (mm)

All Montlake Chinook

70

—e— Released (n=704)

—o— Detected at Locks (n=254)

90 110 130
Length at Time of Tagging (mm)

150



Fish Size & Passage - 2001

All Bear Creek Chinook

100%

80% -

60% -

40% -

20% - —e— Released (n=2106)

Percent Smaller Than

—o— Detected at Locks (n=247)

0%

60 70 80 90 100 110
Length at Time of Tagging (mm)

Detected L > Released L

Pattern Generally Consistent

Through 6/12/01 Release Group
(only 1 fish detected from later releases)

All Cedar River Chinook

100%

80% -

60% -

40% -

20% - —e— Released (n=1697)

Percent Smaller Than

—o— Detected at Locks (n=413)

0%

60 80 100 120 140
Length at Time of Tagging (mm)

< 5/27/01: Detected L < Released L
5/27-6/12: Detected L > Released L
> 6/12/01: Detected L ~ Released L



Diurnal
Variation In
Passage at

Ballard

Locks

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Total Number Detected
in Prior Hour

400 ~
350 o
300 -
250 )
200 -
150

100 -
50 - |7
0 1 1 |

Chinook: All Fish

_ Entire Passage

Season

I
(=] (=] o o o o o o o o o
S & & © & o o © © & o
i ™ Lo N~ (@) — (92) N~ (@) i ($2)
i i i i (qV] (qV]
Time of Day

Chinook

Entire Passage Season

—a—Issaquah Hatchery
—e—Bear Cr
—=—Cedar R

—o— Fremont Cut

—o— Montlake Cut

15:00
17:00
19:00
21:00
23:00




Percent Less Than

100%

Migration Time

80% -

60% -

40% A

20% -

0% -

Chinook

—— Issaquah Hatchery
——Bear Cr
——CedarR

—— Montlake Cut

—— UW Hatchery

—— Lake Union

) 10 15

Number of Days Between Release and Detection



Percent Slower Than

100%

80% A

60% -

40% -

20% -

0% -
0 1 2 3 4 5 6

Average Migration Rate

2001 Data

—— Bear Cr
——CedarR

—— Montlake Cut
—— UW Hatchery
—— Lake Union

—— Issaquah Hatchery

Mean Travel Speed (km/d)

7 8 9

10



Average Migration Rate

2000 Data

UW Test Chinook Released at Montlake

|l Al | I

100%

60% -
50% -

ueyl J9MO|S 1uddlad

0%

4.5

3.5

2.5

15

0.5

Travel Speed to Ballard Locks (km/day)
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Mean Travel Speed

(km/d)

Average Migration Rate

Chinook: Bear Cr

5/1/01 5/22/01 6/12/01 7/3/01 7/24/01

Tagging/Release Date



Mean Travel Speed

(km/d)
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Average Migration Rate

Chinook: Cedar R
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Tagging/Release Date



Mean Travel Speed
(km/d)

Average Migration Rate
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\ \ \ \ |
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Chinook: Montlake Cut

o0

amw oo o
e o
o

o

5/1/01

5/22/01 6/12/01 7/3/01 7/24/01
Tagging/Release Date



Mean Travel Speed

(km/d)

Average Migration Rate
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Species

Chinook

Coho

Origin

I I TTIT X

[

rrss2Tsss
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Freshwater Recapture Data

Location of:

Tagging/Release

Issaquah Hatchery
Issaquah Hatchery
Issaquah Hatchery
Issaquah Hatchery

Issaquah Hatchery

Bear Creek
Bear Creek
Bear Creek
Cedar River
Cedar River
Cedar River
Cedar River
UW Hatchery
Lake Union

Cedar River
Cedar River
Cedar River
Bear Creek
Bear Creek
Cedar River

Recapture

Lake Union
Lake Union
Lake Union
Sammamish R
near Redmond
Sammamish R
near L. Bear Cr
Montlake Cut
Lake Union
Lake Union
Lake Union
Lake Union
Cedar River
Lake Union
Lake Union
Lake Union

Lake Union
Lake Union
Lake Union
Bear Creek
Bear Creek
Montlake Cut

Migration Between Release and Recapture Locations

Average

Migration
Rate
(km/d)

Release
Date

05/15/01
05/15/01
05/15/01
05/15/01

05/15/01

05/15/01
05/30/01
05/25/01
05/15/01
06/11/01
05/31/01
05/25/01
05/21/01
06/12/01

05/03/01
05/21/01
05/23/01
05/09/01
05/23/01
05/21/01

Days to
Recapture

14.3

14.3

28.0
6.6

8.7

14.0
20.3
25.2
14.1
8.4
1.6
32.4
0.8
7.0

26.6
22.3
21.0
1.2
1.0
22.4

Approx.
Travel
Distance
(km)

73
73
73
24

33

45
50
50
33
33
0
33
3.5
0

33
33
33
0
0
28

5.1
5.1
2.6
3.7

3.8

3.2
2.5
2.0
2.3
3.9

1.0
4.4

1.2
15
1.6

1.3

Average
Growth
Rate
(mm/d)

0.7
0.6
0.9

0.6

11
15
0.5
0.7
1.3

1.2
0.5

11
1.4
11

1.3

Subsequent Migration to

Locks
Average
Migration
Days Rate (km/d)
12.0 0.5

Not Detected at Locks
Not Detected at Locks
Handheld Reader Failed;
Tag No.Unknown
Not Detected at Locks

18.8 0.6
Not Detected at Locks
Mortality During Handling

1.7 3.8
0.6 10.9
23.3 1.7

Not Detected at Locks
Not Detected at Locks
Not Detected at Locks

1.1 5.9
0.7 8.4
0.1 48.3
33.0 1.7
24.2 2.3

Not Detected at Locks



Recycling
at Locks

Days to Second Detection

Fish Detected Twice

70 -
& Chinook: Issaquah Hatchery
& Chinook: Cedar R
60 1 x B Chinook: Montlake Cut
o Chinook: UW Hatchery
g X A Chinook: Fremont Cut
50 1 . x Chinook: Calibration Test
7000 Data Ervel ® Coho: Bear Cr
ata =nyeiope [0 Coho: Cedar R
40 A % ~
i N
30 1 AN
§ X .
X X N X
20 - oo 2 4 R
$ OA Og o \\ ®
X [e) O \\
A AN
10 A ¢ § a° . X
X (¢] AN X
o?é ° O’ ~
oo 08 O o \\
O X Yli_l'c oAl & T *'\ T T = T X T 1
4/21/01 5/5/01 5/19/01 6/2/01 6/16/01  6/30/01  7/14/01

Date of First Detection



Multiple Recycling at Locks

20 1 UW Hatchery Chinook Detected

More Than Twice

Days to Subsequent Detection
[EEY
o

O T T T 1
5/15/01 5/29/01 6/12/01

Date of Detection




Large Lock Recaptures:
Chinook

%
No. Detected
Release Location Caught in Flumes

Calib. Test 6 17%
Issaquah Hatchery 8 0%
Montlake 1 100%
UW Hatchery 12 58% 3recycled (2x, 3x, 5x)

Lake Union 8 0%



Weekly Variation in Detection Rate
In Smolt Flumes

04 - .
100% Chinook: Bear Creek

0
£ 80% -
S e Naturally Reared
LL
S 60% -
g
©
= 40% - T
2
3}
L 20% -
()] ]
; 1 ] ]

O% , I I I ! I . . ’

30-Apr 14-May 28-May 11-Jun 25-Jun 9-Jul

Week of Release



Weekly Variation in Detection Rate
In Smolt Flumes

06 — . .
100% Chinook: Cedar River
n
GE) 80% v O Hatchery Reared
L—f T i e Naturally Reared
S 60% pl
Q ®
@ o
o’
= 40% - 1 _ )
2 - -~
-'8 _ {
= 20% -
: vl
0% —— 1+ 0—& @ @
30-Apr 14-May 28-May 11-Jun 25-Jun 9-Jul

Week of Release



Weekly Variation in Detection Rate
In Smolt Flumes

Detection Rate in Flumes

0f - .
100% Chinook: Montlake
80% - O Hatchery Reared
| e Naturally Reared
60% - T
g ‘
40% - ? @
20% - ¢ ® O
O
O% I I ' ! I
30-Apr 14-May 28-May 11-Jun 25-Jun 9-Jul

Week of Release



Weekly Variation in Detection Rate
In Smolt Flumes

0f - . .
100% * Chinook: Lake Union
0 _
Gg) 80% - ® O Hatchery Reared
L—:,:’ e Naturally Reared
S 60% - -
@ _
S 1L
= 40% - O 6 o
o O J @
5 O
O
o 20% -
a _
O% T T T 1 T T T T T T
30-Apr 14-May 28-May 11-Jun 25-Jun 9-Jul

Week of Release



Detection Rate in Smolt

Detection Rate in Smolt

Variation in Detection Rate: All Groups

100% 1 Bear Creek Chinook
‘ e Naturally Reared ‘
80% -
$ 60% -
£
=
L 40% - .
® [ ]
20% N . .. ..
[ ]
o.o * quo o
0% —» . Ny S S Ny S PP —
5/1/01 5/22/01  6/12/01 7/3/01 7/24/01
Release Date
100% 1 e Lake Union Chinook
o O Hatchery Reared
80% - e Naturally Reared
9 60% A
: . o
L 40% - o
° C? % o Q
. o
o
20%
0% - — 1
5/1/01 5/22/01  6/12/01 7/3/01 7/24/01

Release Date

Detection Rate in Smolt

Detection Rate in Smolt

100% 1 ® Cedar River Chinook
O Hatchery Reared
80% - e Naturally Reared
[ ]
[ BN ]
$ 60% e .
e o o
=) b e ©®
L 40% - ° o
%0
[ ..
e® o
20% - . ° ° o..
O
L SR
0% - . —O—@®-0s0—9—000—,
5/1/01 5/22/01 6/12/01 7/3/01 7/24/01
Release Date
100% A Montlake Chinook
o O Hatchery Reared
80% - e Naturally Reared
[ ]
$60% 1 °
€ °
= o
T 40% - &
o
20% - ® . o
o
O% T T T T le T i T T T 1
5/1/01 5/22/01 6/12/01 7/3/01 7/24/01

Release Date



Daily Flume Discharge (cfs)

Flume Discharge & Passage

450 -

400

350 -

200 -

260

200 -

150 -

100

50 -
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Daily Flume Discharge (cfs)

Flume Discharge & Passage

450 - — 40
Cedar River Chinook
400 ; + 35
== Flume Volume

250 == Chinook Count

L 30
300

25
250 |

120
200

+ 15

150 -

100

50 -

v
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19-May 26-May 2-Jun 9-Jun 16-Jun 23-Jun 30-Jun 7<Jul 14-Jul 21-Jul 28-Jul

No. Chinook Detected Each Day



Number of Fish Per m® (X 10'6)
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Using Flume Before 6/18/01

50 A

40 -

Flume Comparisons

Chinook

Bear Cr

CedarR

O 4A
84B
m5C
O05B

Issaquah
Hatchery

Fremont

Cut

Montlake
Cut

uw
Hatchery



Flume Comparisons

1400 -
Chinook
1200 - ¢
- -e- - Flume 4A
—o— Flume 4B
1000 1 + —=— Flume 5C
—o— Flume 5B
800 -

600 -

400 -

Number of Fish Per m® Per Day (x 10'6)

200 -

0 llllllllllllllll.l'loooooooooo:o.oo.oll u =
5/1/01 5/15/01  5/29/01 6/12/01 6/26/01  7/10/01  7/24/01



Saltwater Recaptures

Saltwater
Release Date Salinity Days in Hatchery
Species Location Capture Location Captured (ppt) Saltwater / Natural
Chinook Bear Cr Railroad 6/18/01 15.9 0.8 N
: Railroad 6/19/01 - 0.00 N
Lake Union Statue of Liberty  6/18/01 22.9 2.9 H
! Piling Beach 6/22/01 - 4.0 H
Montlake Dolphin 8 6/18/01 27.8 - H
: Railroad 6/21/01 - - N
UW Hatchery Statue of Liberty 6/6/01 - 6.1 H
Coho Bear Cr Groundswell 6/13/01 - 0.7 N
) Groundswell 6/20/01 20.5 8.3 N
Cedar R Railroad 6/19/01 - 0.03 N
! Groundswell 6/20/01 - 6.4 N
Lake Union Railroad 6/18/01 - - H

+ 21 Calibration Test Chinook; 3 captured 2x, 1 recycled through Locks



