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From January to July of 2003, 42 entrapments and 25 stranding sites were examined on the 
Columbia River near Ives Island, downstream of Bonneville Dam.  A total of 6,122 
salmonids, consisting of three different species, were collected at these sites (Table 1).  The 
fish sampled during this time were chinook salmon (69%), chum salmon (7%), and coho 
salmon (24%).  The following analysis of the relationship between environmental factors and 
salmon placed at risk by river level fluctuations focuses on each of these three salmon 
species.  
 
Table 1.  Total number of fish observed during the late winter through early summer 
sampling period (January 24 – June 26) near Ives Island in 2003. 

Entrapped Stranded Common 
Name 

Scientific 
Name 

Mortality  Alive Mortality Alive 

Total 
Fish 

OncorhynchusChinook  
Salmon tshawytscha

38 4132  23 3 4196 

OncorhynchusChum Salmon keta 1 422 6 0 429 

OncorhynchusCoho Salmon kisutch 30 1434 27 6 1497 

Total   69 5988 56 9 6122 
 
 
 
Methods and Definitions  
 
An attempt was made to survey the entire Ives Island study area every one to three days.  
This of course does not mean that all stranded and entrapped salmon were sampled.  Staff 
scheduling, timing of low water, predators and scavengers are just some of the factors 
making complete sampling all but impossible.   
 
All numbers within this report are actual observations; there has been no attempt to estimate 
the number of entrapped or stranded fish that went unsampled.  Stranded fish are those 
salmon found out of the water.  Entrapped salmon were fish found within pools of water no 
longer connected to the river.  Mortalities are fish that were dead at the time of discovery. It 
may be assumed that all live stranded fish would have become mortalities within a very short 
period of time and may, in fact, have died after being returned to the river.  It is possible that 
entrapment mortalities were caused by dewatering at a time prior to sampling and would 
have been classified as stranding mortalities if the area had not re-flooded.  
 
Each entrapment was measured for size, depth, distance to the river, height above river, and 
temperature.  Visual estimates of dominant substrate size and vegetation densities were also 
recorded. 
 
If an entrapment’s waters were replenished by fluctuating river levels on a later date and the 
entrapment once again contained salmon, it was re-sampled.  Subsequent samples are 
identified by the entrapment’s identifying code followed by -2, -3, etc.  In the interest of 
covering as much of the study area as possible within the shortest period of time, some of the 
entrapment characteristics considered to be stable (i.e., substrata, maximum size, height 
above river) were not re-measured during subsequent visits.   
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2.   Seasonal Trends 
 
Sampling began on January 24, 2003, and ended on June 26, 2003.  The first and last 
sampling dates on which threatened chum salmon were observed were February 17, 2003, 
and May 13, 2003, respectively.  The weekly sampling results of chum salmon are listed in 
Table B1 (Appndx. B) and plotted in Figure 1.  Peak numbers of threatened chum were 
observed in late February and from late March through late April.  There were 7 mortalities, 
approximately 1.6 % of the total number of observed threatened chum salmon.  
 
The first and last sampling dates on which chinook salmon were observed were February 10,  
2003 and June 25, 2003, respectively.  The weekly sampling results of chinook salmon are 
listed in Table B2 and plotted in Figure 2.  Peak numbers of chinook salmon were observed 
mid February through mid May.  There were 61 mortalities, approximately 1.5% of the total 
number of observed chinook salmon. 
 
The first and last sampling dates on which coho salmon were observed were February 10, 
2003, and June 25, 2003, respectively.  The weekly sampling results of coho salmon are 
listed in Table B3 and plotted in Figure 3. Peak numbers of coho salmon were observed in 
mid-February and from the end of March through mid May.  Of the 1,497 sampled coho, 652 
(43.6%) were coho smolts of which approximately 92% had clipped adipose fins.  There 
were 57 mortalities, approximately 3.8% of the total number of observed coho salmon and 
6.7% of observed coho with fork lengths less than 100mm. 
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Figure 1.  Weekly sampling results of threatened chum salmon.  No chum were sampled 
during the weeks ending 3/8 and 3/29. 
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Figure 2. Weekly sampling results of chinook salmon.  Four chinook salmon were 
sampled during the week ending 5/24.  One chinook salmon was sampled during the 
week ending 5/31. No chinook were sampled during the weeks ending 6/7, 6/14, and 6/21  
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Figure 3.  Weekly sampling results of coho salmon.  One coho mortality was sampled 
during the week ending 2/15.  One live entrapped coho was sampled during each of the 
weeks ending 3/15 and 5/3.  No coho were sampled during the weeks ending 3/8 and 
3/29, and between 5/17 and 6/21. 
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.      Distribution

 
 
 
3  

d A, C, 
 first identified during previous 

ears and have consistently been responsible for the vast majority of stranded and entrapped 
salmonids in the study area.  Several entrapments were sampled repeatedly as fluctuating 
water levels continued to replenish and then isolate their contents.  Subsequent samples are 
identified in the tables as –2 (2nd sample), -3 (3rd sample), etc.  Based on cumulative totals, 
84.9%of all sampled fish were found within four entrapments (Map 2, Table 6).  A brief 
description of each of the four major entrapments follows Map 2. 
 
Entrapped chinook salmon comprised the largest numbers in Areas A, C, D, and E.  Coho 
salmon comprised the largest numbers in Area F.  Peak abundances of salmonids sampled 
were found in Areas A and C (Table 2, Figure 4). 
 
Approximate river mile boundaries of the four major sampling areas are given in Table 3.  
Specific GPS coordinates and approximate river miles for the four entrapments containing 
the majority of the sampled fish are also found in Table 3.  Coordinates for all other 
entrapment and stranding sites are listed in Appendix A.  
 

 
Although an attempt was made to survey the entire study area every one to three days, all 
salmon sampled during 2003 were found within five major sampling areas, designate
D, E, and F (Map 1, Table 2).  These sampling areas were
y
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Map 1:  Sampling Areas:  A through F 

 
 
 
Table 2.  Spatial distribution of chinook, coho, and threatened chum salmon 
  
  Sampling Area 
  A B C D E F 
River Mile (statute miles) 142.35 142.15 141.9 141.77  141.8 140.7 
 to  to to to to to 
  142.75 142.48 142.25 142 142.2 141.7 

Entrapped Chum 245(1) 0 168 9 1 0 
Stranded Chum 1(1) 0 0 0 5(5) 0 
Total Chum 246(2) 0 168 9 6(5) 0 
% of all Chum sampled 57.3%  0.0% 39.2% 2.1% 1.4% 0.0% 

Entrapped Chinook 1191(10) 0 1982 377 619(28) 1 
Stranded Chinook 8(5) 0 9(9) 3(3) 6(6) 0 
Total Chinook 1199(15) 0 1991(9) 380(3) 625(34) 1 
% of all Chin. Sampled 28.6%  0.0% 47.4% 9.1% 14.9% 0.02% 

Entrapped Coho 564(2) 0 698 133 44(28) 25 
Stranded Coho 13(7) 0 10(10) 8(8) 1(1) 1(1) 
Total Coho 577(9) 0 708(10) 141(8) 45(29) 26(1) 
% of all Coho Sampled 38.5% 0.0% 47.3% 9.4% 3.0% 1.7% 

Total Salmon 2022 0 2867(19) 530(11) 676(68) 27(1) 
 % of all Salmon Sampled 33.0% 0.0% 46.8% 8.7% 11.0% 0.4% 
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Figure 4.  Spatial distribution of chum, chinook, and coho salmon 
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E301 E308 E315 E316 E320 
Chum salmon 134(1) 110 1 160 8 
Chinook salmon 190(8) 945 541(24) 1933 373 
Coho salmon 78(1) 446 34(28) 694 131 
Total salmon 402 1434 576 2787 512 
Percent of all  
sampled salmon 

6.6% 23.4% 9.4% 45.5% 8.40% 

River Mile 142.61 142.61 142 142.11 142 
Latitude N45.62577 N45.62754 N45.62317 N45.62028 N45.62085 
Longitude W121.99504 W121.99552 W122.00853 W122.00493 W122.00982
Sampling Area Area A Area A Area E Area C Area D 
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Map 2:  Major entrapments of 2003 
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The following are brief descriptions of each of the five major entrapments in 2003. 
 
E301 (6.6% of all sampled salmon) was a long shallow depression in what was a dry channel 
along the northwest shore of Ives Island across from and just west of Hamilton Creek.  Water 
flowing into the area comes from Hamilton Channel.  The surface waters of Hamilton 
Channel were, at times, higher than E301 but blocked by a broad low-lying berm.  In some 
cases, subsurface flow, probably coming from Hamilton Channel, replenished water within 
E301 without allowing entrapped salmon an opportunity to escape. 
 
E308 (23.4% of all sampled salmon) was a deep depression on the Pierce Ranch N. W. R. 
immediately below the mouth of Hamilton Creek. It may be an old quarry pit resulting from 
the construction of the nearby Castle Rock Fishwheel and the Hamilton fishwheel scow 
(Donaldson).  
 
E315 (9.4% of all sampled salmon) was a deep, straight channel cut through large 
cottonwoods in north central Pierce Island.  Water flows into the entrapment from the north 
and, when high enough, exits to the south flowing through E307 and eventually into the 
lagoon in Pierce Island’s south central shore. E315 has the appearance of a man made 
channel, possibly to provide increased flow for the Ladzick fishwheel near the center of 
Pierce Island (Donaldson).   
 
E316 (45.5% of all sampled salmon) was the largest of all the entrapments.  E316 occupies a 
portion of a broad floodplain that cuts through the eastern portion of Pierce Island.  When 
tailwater levels are in excess of 17 feet, water flows from the channel between Ives and 
Pierce Islands southward through E316 to the main channel of the Columbia River.   
 
E320 (8.4% of all sampled salmon) is a bay along the south central shore of Pierce Island 
with a narrow entrance leading to the main channel of the Columbia River.  The entry to 
E320 is lower than any of the other major entrapments and formation of E320 appears to 
require tailwater levels somewhere below 12 feet. 
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4.  Tailwater Levels  
 
Bonneville tailwater data was retrieved from the NWP Water Management: Data Query web 
site (http://www.nwd-wc.usace.army.mil//cgi-bin/DataQuery).   
 
 
Ranges of tailwater declines during the twenty-four hour periods immediately preceding the 
sampling of salmon mortality, including all stranded salmon whether found living or dead, 
are shown in Figure 5 and Table B4.  All known chum mortalities were preceded by 
continuous tailwater declines that began at levels no higher than 13 feet and ended at levels 
no lower than 11.7 feet (Table B4).  The greatest numbers of chinook and coho mortalities 
(45.3% and 71.4%, respectively) were discovered following continuous tailwater declines 
that began at levels no higher than 15.9 feet and ended at levels no lower than 13.3 feet 
(Table B4).  When taken as a whole, 55.2% of all known salmon mortalities were preceded 
by continuous tailwater declines beginning at levels no higher than 15.9 feet and ending at 
levels no lower than 13.3 feet (Table B4).  

  
Figure 5:  2003 mortality frequencies related to tailwater declines during the 24 hours 
immediately prior to the time of sampling.  The pairs of numbers along the x-axis 
identify a continuous decline in tailwater depth that began at a level equal to or lower 
than the figure on the left but ended at a level equal to or higher than the figure to the 
right.  Some mortalities are represented more than once where ranges overlap. 
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Tailwater levels at the times each of the four major entrapments were sampled are listed in 
Table 4.  Return visits to each entrapment are identified by the entrapment code followed by  
–2, -3, -4, etc.  Some of the listed measurements are from 2002; they are included because it 
appeared that the formation requirements of the major entrapments were stable from one year 
to the next.  
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At the time of original sampling, each entrapment’s height above the river was measured.  
An entrapment’s height above the river refers to the difference in elevation between the 
surface of the river and what was perceived to be the low point in the crest of land between 
the river and the  e en ight

u to fl
Theoretically, the height above e riv o
tailwater measurements to determine critic
tailwater levels refer to the B h particular e s were 

.  The un ct er at ation and channel hydrology within the study 
area pre ented us ntif  specific critical tailwater levels.  In some

trapm nt’s height abo ured during subsequent visits.  The heights 
ove the river m ts e fou or entrap  are identified in  4. 

 entrapment.  In other words, th trapment’s he  above the river 
identifies how m ch the river level would have  rise in order to re ood the entrapment.  

 th er could b
al tailw

e used in conjuncti
ater levels for each en

n with Bonneville 
trapment.  Critical 

onneville tailwater depths at whic ntrapment
formed known effe s of riv tenu

v  from ide
ve the river was rem

ying  cases, an 
en
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easuremen  for th r maj ments Table
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Table 4.  Tailwater levels associated with the sampling of the four major entrapments in 
2002 and 2003 

 SAMPLE  SAMPLE HEIGHT TAILWATER TAILWATER DEPTHS  

DATE  TIME ABOVE LEVEL AT TIME DURING THE 3 HOURS  ENTRAPMENT 

    RIVER (ft) OF SAMPLING (ft) PRIOR TO SAMPLING (ft)

2/18/2002 1100 0.63 11.8 11.4-11.6 

3/25/2002 1200 1.4 11.4 11.5-11.6 

4/8/2002 800 0.67 12.8 11.7-12.3 

 E301 
  
  

  1/24/2003 1100 0.96 11.6 11.4 

5/6/2002 800 1.17 17.1 16.7-17.1 

2/5/2003 1000 1.54 15.5 15.8-15.9 

3/19/2003 900 0.87 17.1 16.9-17.0 

3/30/2003 1000 0.56 16.8 17.1-17.9 

4/2/2003 1200 0.29 18.1 17.3-18.0 

4/3/2003 1000 0.42 17.2 17.3-17.7 

4/10/2003 1200 1.00 17.5 16.6-17.3 

4/21/2003 1100 0.27 18.1 17.6-18.0 

4/23/2003 900 0.02 18.8 17.1-18.2 

E308 

  
  
  5/4/2003 1000 0.54 17.3 17.2-17.3 

  
  
  
  
  
  

4/28/2002 1300 2.06 17.3 17.3-17.5 

5/7/2002 900 0.77 20.1 18.8-20.1 

2/5/2003 1300 2.71 15.8 15.5-15.9 

3/30/2003 1100 2.15 16.8 17.9-16.8 

4/20/2003 1000 1.48 17.9 17.7-18.0 

5/1/2003 900 0.85 18.7 18.7 

E315 
  
  
  

  
  5/4/2003 1100 1.90 17.6 17.2-17.3 

2/1/2002 1100 0.23 16.3 15.4-16.2 
2/6/2003 1300 1.54 14.3 14.3 

E316 
  
  4/13/2003 1100 0.48 16.2 15.5-16.2 
 

Size Susceptibility

 
 

 
 
Mean, maximum, and minimum fork lengths for chum, chinook, and coho salmon are found 
in Tables B5, B6, and B7 respectively. 
 
Minimum and maximum fork lengths of entrapped chum salmon were plotted as the two 
ends of the vertical bars for each sampling date in Figure 6, along with the median fork 
length (intersections).  The median fork length for entrapped chum salmon ranged from 40 to 
45 mm prior to May10th.  The two chum sampled after May 10th had fork lengths of 57mm 
and 61mm.  
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Minimum and maximum fork length of entrapped Chinook salmon were plotted as the two 
ends of the vertical bars for each sampling date in Figure 7, along with the median fork 
length (intersections).  The median fork length for entrapped chinook salmon ranged from 
40-55mm prior to May 24th.  Ninety chinook salmon were sampled after May 24th with a 

 
through May 10th and 55-74mm after May 10th.  Not included in the fork length data are 652 
coho smolts entrapped between May 3rd and May 15th.  Approximately 92% of the coho 
smolts had clipped adipose fins.  
 
    
 
Figure 6.  Minimum, maximum and median fork length of threatened chum salmon 
collected at entrapment sites near the Ives Island of the Columbia River in 2003.  The 
lower and higher ends of the vertical lines represent the minimum and maximum fork 
length observed in the sample for the week, with the horizontal dashes as the median 
fork lengths.   

median fork length of 77mm. 
 
Minimum and maximum fork length of entrapped coho salmon were plotted as the two ends 
of the vertical bars for each sampling date in Figure 8, along with the median fork length 
(intersections).  The median fork lengths for entrapped coho salmon were 37.5- 40 mm
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Figure 7.  Minimum, maximum and  chinook salmon collected at 
entrapment sites near s Island o 003.  The lower and higher 
ends of the lines repres t the min  length observed in the 
sample for the week, w  the hori n fork lengths.   
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Figure 8.  Minimum, maximum and median fork length of coho salmon collected at 
entrapment sites near the Ives Island of the Columbia River in 2003.  The lower and 
higher ends of the lines represent the minimum and maximum fork length observed in 
the sample for the week, with the horizontal dashes as the median fork length.   

25

35

45

55

65

75

85

95

2/8
/20

03

2/1
5/2

00
3

2/2
2/2

00
3

3/1
/20

03

3/8
/20

03

3/1
5/2

00
3

3/2
2/2

00
3

3/2
9/2

00
3

4/5
/20

03

4/1
2/2

00
3

4/1
9/2

00
3

4/2
6/2

00
3

5/3
/20

03

5/1
0/2

00
3

5/1
7/2

00
3

5/2
4/2

00
3

5/3
1/2

00
3

6/7
/20

03

6/1
4/2

00
3

6/2
1/2

00
3

6/2
8/2

00
3

Week Ending

C
oh

o 
Sa

lm
on

 F
or

k 
Le

ng
th

 (m
m

)

 
 
 
 
 



 21

Fork length summaries for stranded chum, chinook, and coho salmon are listed in Tables B8, 
B9, B10, respectively.  Stranded salmonids appear to have a size distribution similar to those 
of entrapped salmonids sampled during the same time frame.  The mean fork lengths for 
tranded chum, chinook, and coho salmon were 41.2mm, 45.2mm, and 35.9mm respectively.  

 
6.    Substrate Size

s
Stranded chinook were largest in early February (tule variety) and mid to late May (upriver 
brights).  
              

 
The most common substrate in a sampled area is defined as the dominant substrate, and the 
next most common substrate as the subdominant substrate.  The codes of dominant and 
subdominant substrate at the sampling sites were defined using the following definitions 
(Nugent, et al., 2000): 
 

Code Substrate Class 
1 Fines:  clay to coarse sand (<1 mm) 
2 Very coarse sand (1-2 mm) 
3 Fine gravel (2-4 mm) 
4 Medium gravel (4-8 mm) 
5 Coarse gravel (8-16 mm) 
 6 Small pebble (16-32 mm) 
7 Large pebble (32-64 mm) 
8 Cobble or rubble (64-256 mm) 
9 Boulder (>256 mm) 

 
 
Entrapped chum salmon were observed for dominant substrate size of fines, coarse grav
small and large pebble, and cobble (Codes 1, 5, 6, 7 and 8) (Table B11).  The percentage of 
sites with a particular dominant substrate and the percentage of entrapped chum salmon 
found at sites with that substrate, are plotted in F

el, 

igure 9.  Coarse gravel (Code5) and cobble 
ode 8) appear the most often (66.5% of the time, combined) and account for 65.7% of the 

e 

n dry land) were observed at sites with 
minant substrate sizes of fine gravel, medium gravel, and coarse gravel (Codes 3, 4, and 5) 

(C
all entrapped chum salmon.  Sites with large pebbles (Code7) as the dominant substrate 
contained 26.7% of the entrapped chum. 
 
The single chum entrapment mortality occurred at a site with a dominant substrate of larg
pebble. 
  
Six of the seven stranded chum salmon (those found o
do
(Table B12). 
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Figure 9.  Percentage of entrapment sites with a particular dominant substrate, and the 
percentage of entrapped chum salmon found at those sites. 
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Figure 10.  Percentage of stranding sites with a particular dominant substrate, and the 
percentage of stranded chum salmon found at those sites 
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ntrapped chinook salmon were observed for dominant substrates the size of fines, coarse 
ravel, small and large pebble, and cobble (Codes 1, 5, 6, 7, and 8).  The percent of sites with 
 particular dominant substrate and the percentage of entrapped chinook salmon found on 

 entrapment sites.  The largest 
numbers of entrapped chinook (49.4%) were also observed at sites with dominant substrates 
of coarse gravel (Figure 11 and Table B13). 
 
The numbers of mortalities of entrapped chinook salmon were greatest (64.9%) at sites where 
the substrate small pebble (Code 6) was dominant. 
  
Stranded chinook salmon (those found dewatered) were observed at sites with dominant 
substrates of fines, fine gravel, medium gravel, coarse gravel, small pebble and large pebble 

E
g
a
that substrate, are plotted in Figure 10.  The dominant substrate coarse gravel (Code 5) 
appears most often accounting for 55% of the chinook salmon
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(Codes 1, 3, 4, 5, 6, and 7).   Fines and coarse gravel were dominant at sites containing 
65.4% of all sampled stranded chinook (Table B14). 
  
Figure 11.  Percentage of entrapment sites with a particular dominant substrate, and 
the percentage of chinook salmon found on those sites. 

0
10
20
30
40
50
60

1 5 6 7 8

Substrate Code

Pe
rc

en
ta

ge

% of Chin
% of Sites

 
 
Figure 12.  Percentage of stranding sites with a particular dominant substrate, and the 
percentage of chinook salmon found at those sites. 
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Entrapped coho salmon were observed for dominant substrate sizes of fines, coarse gravel, 
small pebble, large pebble, and cobble (Codes 1, 5, 6, 7, and 8).  The percentage of sites with 
a particular dominant substrate and the percentage of entrapped coho salmon found at sites 
with that substrate, are plotted in Figure 12.  The substrate coarse gravel (Code 5) and cobble 
(Code 8) appear most often, accounting for 32.6% and 30.4% of the sites, respectively.  The 
substrate coarse gravel (Code 5) represents the dominant substrate for sites containing the 
greatest number of coho (48.7%).  The substrate coarse gravel was the dominant substrate at 
sites containing the second greatest number of coho (30.5%) (Figure 12 and Table B15).  
  
The numbers of mortalities of entrapped coho salmon were greatest (93.3%) at a single site 
where the substrate small pebble (Code 6) was dominant. 
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Stranded coho salmon (those f
 fines, medium gravel, coarse gr

ound on dry land) were observed at sites with dominant 
avel, small pebble, and large pebble (Codes 1, 4, 

, 6,and 7) Fines or small pebble were the dominant substrate at sites containing 69.7% of all 

igure 13.  Percentage of entrapment

substrates of
5
sampled stranded coho (Table B16). 
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Figure 14.  Percentage of stranding sites with a particular dominant substrate, and the 
percentage of stranded coho salmon found at those sites.  
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7.   Substrate Embeddedness 
 
The substrate embeddedness refers to the degree that the interstices between the larger 
particles are filled by sand, silt or clay.  The substrate embeddedness was estimated visually 
and coded as follows (Nugent et al., 2000): 
 

Code % Fines   Description 
1 0-25   Openings between dominant sized particles are 1/3 to 1/2 the  
        size of the particles.  Few fines in between.  Edges are clearly  
      discernible. 
2 25-50   Openings are apparent, but <1/4 the size of the particles.   
      Edges are discernible, but up to half obscured. 
3 50-75   Openings are completely filled, but half of edges are still 
      discernible. 
4 75-100   All openings are obscured.  Only one or two edges discernible 
      and size cannot be determined without removal. 

 
 
The mean and median numbers of threatened chum salmon per survey site found in 
entrapment sites with various degrees of substrate embeddedness are listed in the last two 
rows of Table B17.  The majority of entrapped chum salmon (69.3%) were found at sites 
with substrate embeddedness of 25 to 50% fines (code 2, Figure 15).  The single chum 
mortality was found at an entrapment site with a substrate embeddedness of 25 to 50% (code 
2). 
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Figure 15:  Degrees of substrate embeddedness at chum entrapment sites 
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The mean and median numbers of threatened chum salmon per survey site found at stranding 
ites with various degrees of substrate embeddedness are listed in the last two rows of Table 

s (code 2).  All stranded chum salmon were mortalities.  

s 
  

s
B18.  The majority of stranded chum salmon (83.3%) were found at sites with substrate 
embeddedness of 25 to 50% fine
  
  The mean and median number of chinook salmon per survey site found in entrapment site
with various degrees of substrate embeddedness are listed in the last two rows of Table B19.
The majority of entrapped chinook (53.2%) occurred in sites with substrate embeddedness of
25 to 50% (code 2) (Figure 16).  The majority of entrapment mortalities (63.2%) were found
in a single site with a substrate embeddedness of 50 to 75% (code 3).  

 
 

nt sites 
 
Figure 16:  Degrees of substrate embeddedness at chinook entrapme
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The mean and median number of chinook salmon per survey site found at stranding sites 
ith various degrees of substrate embeddedness are listed in the last two rows of Table B20.  w

The majority of stranded chinook (65.4%) occurred in sites with substrate embeddedness’
either 0 to 25% or 75 to 100% (codes 1 and 4).   
 

 of 
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The mean and median numbers of coho salmon per survey site found in entrapment sites with 
 Table B21.  The 

m jority of entrapped coho (54.7%) occurred at sites with a substrate embeddedness of 25 to 
0% (code 2) (Figure 17). The majority of coho mortalities (93.3%) occurred at an 

various degrees of substrate embeddedness are listed in the last two rows of
a

5
entrapment site with a substrate embeddedness of 50 to 75%. 
 
 
Figure 17:  Degrees of substrate embeddedness at coho entrapment sites 
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The mean and median numbers of coho salmon per survey site found in stranding sites with 
various degrees of substrate embeddedness are listed in the last two rows of Table B22.  The 
majority of stranded coho sampled (69.7%) were nearly evenly split between  sites with 
substrate embeddedness of 0 to 25% (Code 1) and 75 to 100% (Code 4). 
 
 
 
8.  Vegetation Density 
 
The amount of substrate concealed by vegetation was estimated visually.  The codes are 
defined as follows (modified from Nugent et al., 2000): 

 
Code Description 

0  No vegetation present 
1  Sparse vegetation, substrate is completely evident. 
2  Medium vegetation, substrate is only partially obscured. 
3  Dense vegetation, substrate is nearly or completely obscured. 

 
 
 
During the year 2003, entrapments with medium and dense vegetation contained primarily 
aquatic plants, including algae. 
Chum salmon were found in areas of all four vegetation densities although only one chum 
salmon was found in an entrapment with dense vegetation (Code 3).  Chinook and coho 
salmon were both found in areas with vegetation densities ranging from zero vegetation to 
vegetation of medium density (Codes 0-2).The greatest numbers of entrapped chum salmon 
(41.9%) were found at sites with medium vegetation (code 2, Table B23).  The majority of 
chum entrapment sites had sparse vegetation (Figure 18).  The single chum entrapment 
mortality was found at a site void of vegetation. 
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Figure 18:  Degrees of vegetation density within chum entrapments 
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The greatest numbers of stranded (those found out of water) chum salmon (83.3%) were 

he greatest numbers of entrapped

found in sites with either sparse or medium vegetation (codes 1 and 2, Table B24).   
 
T  chinook salmon were found at sites with either sparse 

7.5%) or medium (47.4%) vegetation densities (codes 1 and 2, Table B25). The majority of 
nt sites were in areas of sparse vegetation (code 1, Figure 19).  

(4
chinook entrapme
 
Figure 19:  Degrees of vegetation density within chinook entrapments 
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The greatest number of chinook entrapment mortalities (75.7%) occurred at sites with sparse 
vegetation (Table B25). 
 
The greatest numbers of stranded chinook (73.1%) were also found at sites with sparse 
vegetation (code 1, Table B26).  
 

he greatest numbers of T entrapped coho were found at sites with either sparse or medium 
egetation (codes 1 and 2 Table B27).  The greatest numbers of strandedv  coho (93.9%) were 
und at sites with sparse vegetation (code 1, Table B28). fo
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Figure 20:  Degrees of vegetation density within coho entrapments 
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Ninety-three percent of coho entrapment mortalities were discovered in a single entrapment 
containing sparse vegetation.   
 
 
9.  Temperature 
 
Two entrapment temperatures were taken, one at the beginning of the sample and on
end.  The temperatures were taken at the same location within the entrapment.  River
temperatures were taken once a day and air temperatures were taken once or twice a day 
depending on the weather and length of time spent sampling on a particular day.   
 
Water temperatures of 78ºF and above are considered lethal to juvenile chum and coho 
salmon (Bell 1973).  Water temperatures of 77ºF and above are considered lethal to juvenile 
chinook salmon (Brett 1952).  The highest water temperature found for any entrapment 
containing juvenile salmon was 74ºF.  It is possible that water temperatures exceeded the 
lethal thresholds at a

e at the 
 

 time when samplers were not present but probably not in a situation that 
led to the death of a significant number of juvenile salmon.  Of the 6057 sampled juvenile 
salmon found in entrapments, 69 (1.1%) were found dead, and of those, none were found in 
water exceeding 54ºF. It is more likely that dewatering at a time prior to the samplers arrival 
caused the majority of the entrapment mortalities. Over 75% of the salmon mortalities found 
in entrapments were found in a single, small, well shaded entrapment void of any living 
salmon and with a water temperature of 50ºF, well within the range of safety.  

 
The temperatures of entrapments known to contain any of the three species of juvenile 
salmon ranged from 42ºF to 74ºF (Table 7).  The temperature of the entrapment known to 
contain the chum mortality was 46ºF.  The temperature range of entrapments known to 
contain chinook mortalities was 42ºF to 69ºF.  The temperature range of the entrapments 
known to contain coho mortalities was 48ºF to 50ºF.    
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Table 5.  Temperature ranges of entrapments with and without salmon mortality 
Temp range of entrapments  Temp range of entrapments Month 

with salmon mortality with salmon but without mortality
Jan NA NA 
Feb 45F-54F 44F-60F 
March 42F 44F-74F 
April NA 50F-62F 
May NA 54F-70F 
June 69F 60F 
July NA NA 
 
 
 
Temperature data related to the lone chum entrapment mortality is found in Figure 21 and 
Table B29.  The air temperature was not recorded.   
 
Mortality of chinook salmon at the entrapment sites was plotted against three temperature 
measurements (Figure 22).  Air and entrapment temperatures had a correlation coefficient of 
.4202.  River and entrapment temperatures had a correlation coefficient of 0.  The number of 
chinook mortalities and entrapment temperature had a correlation coefficient of negative 
.1284.  Peak mortality was observed on February 7 in an entrapment having a temperature of 
50ºF (Table B30).  
 
Mortality of coho salmon at the entrapment sites was plotted against the same three 
temperature measurements as for chinook salmon (Figure 23). Air and entrapment 
temperatures had a correlation coefficient of -.3974.  River and entrapment temperatures had 
a correlation coefficient of  -1.  The number of coho mortalities and entrapment temperature 
had a correlation coefficient of .8030.  Even though coho mortalities and entrapment 

mperatures had a high correlation, the temperatures of all entrapments containing dead 
oho were well within the range of safety. Peak coho mortality was observed on February 7 
 the same entrapment as the peak chinook mortality and had an entrapment temperature of 

0ºF (Table B31).  
 
 
 

te
c
in
5



 31

Figure 21.  Mortality of threatened chum salmon and temperature measurements at 
the Columbia River in 2003.  entrapment sites near the Ives Island of 
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Figure 22.  Mortality of chinook salmon and temperatures measurements at 
entrapment sites near Ives Island of the Columbia River in 2003 
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Figure 23.  Mortality of coho salmon and temperatures measurements at entrapment 
tes near Ives Island of the Columbia River in 2003 si

40
42
44
46
48
50
52

2/3 2/7 2/13

Date

Te
m

pe
ra

tu
re

 (F
)

0
5
10
15
20
25
30

M
or

ta
lit

ie
s

Air Temp. Entrapment Temp.
River Temp. Coho Mortalities

 
 
 
 
 
10.  Year-to-Year Comparison 
The following is a comparison of the number of fish sampled during each of the four study 
years followed by a discussion of each of eight major entrapments and possible reasons for 

e increase in the number of entrapped chinook and coho in 2003.   

Table 6.  Sampling totals by study year 
Live Live Live Dead Dead  Dead 

th
 

Study Year 
Chinook Chum Coho Chinook Chum Coho 

Total 

2000 (Mar. 2 - June 27) 1258 3 0 53 5 0 1319 
2001 (Jan. 29 - June 26) 783 404 349 47 37 1 1621 
2002 (Jan. 25 - July 10)  1061 597 415 53 61 85 2272 
2003 (Jan. 24 - June 25) 4135 422 1440 61 7 57 6122 
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MAP 3: Major entrapments of 2000, 2001, 2002 and 2003.   
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Table 7.  Yearly sampling totals per major entrapment 
Entrapment Total Chinook Total Chum Total Coho Dead Dead Dead

and Year  (% of yearly chin)  (% of yearly chum)  (% of yearly coho) Chin Chum Coho
E315, formally E274 ('02), PIN46 ('00) - (Pierce Island)  

2000 721  (55%) 0 0 6 0 0 
2001 Dry all season. NA NA NA NA NA 
2002 229  (20.6%) 52  (7.9%) 0 0 0 0 
2003 541 (12.9%) 1 (0.2%) 34 (2.3%) 24 0 28 

E316, formally E208 ('02), PIE31 ('00) - (Pierce Island) 
2000 86 0 0 0 0 0 
2001 Dry all season. NA NA NA NA NA 
2002 0 0 0 0 0 0 
2003 1933 (31.6%) 160 (37.3%) 694 (46.4%) 0 0 0 

E317, formally E210 ('02), PIN112 ('01) - (Pierce Island) 
2000 Flooded all season? NA NA NA NA NA 
2001 250  (30.1%) 136  (30.9%) 89  (25.4%) 0 0 0 
2002 291  (26.1%) 401  (60.9%) 176 (35.2%) 0 0 1 
2003 41 (1.0%) 0 9 (0.6%) 4 0 0 

E306, formally E269 ('02), PIN61 ('00) - (Pierce Island) 
2000 205  (15.6%) 0 0 0 0 0 
2001 Dry all season. NA NA NA NA NA 
2002 124  (11.1%) 0 0 2 0 0 
2003 0 0 0 0 0 0 

E307, formally E264 ('02), PIM48 ('00) - (Pierce Island) 
2000 188  (14.3%) 0 0 0 0 0 
2001 Dry all season. NA NA NA NA NA 
2002 28  (2.5%) 0 0 0 0 0 
2003 4 (0.1%) 0 1 (0.07%) 0 0 0 

E320, formally PIM103 ('01) - (Pierce Island) 
2000 Flooded all season? NA NA NA NA NA 
2001 225 (27%) 166 (37.6%) 203 (58%) 0 0 1 
2002 Flooded all season. NA NA NA NA NA 
2003 373 (8.9%) 8 (1.9%) 131 (8.8%) 0 0 0 

E301, formally E234 ('02), IIN113 ('01) - (Ives Island) 
2000 Flooded all season. NA NA NA NA NA 
2001 41 (4.9%) 72  (16.4%) 36  (10.3%) 0 0 0 
2002 38  (3.4%) 92  (14%) 43  (8.6%) 0 0 0 
2003 190 (4.5%) 113 (26.3%) 78 (5.2%) 8 1 1 

E308, formally E279 ('02) - (Pierce Ranch N. W.R.)   
2000 Too deep to sample. NA NA NA NA NA 
2001 Never connected to river. NA NA NA NA NA 

*2002 241  (21.6%) 6  (0.9%) 65  (13%) 0 0 0 
2003 945 (22.5%) 110 (25.6%) 446 (29.8%) 0 0 0 

*In 2002,the sampling crew switched from a 30ft stick sein net to a 100ft beach sein net 
when sampling E308. 
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E301contained 6.3% of all sampled juvenile salmon and 18.1% of all sampled chum d
the 2000, 2001, 2002, and 2003 sampling periods. 
 
E301 is a long shallow depression in what was a dry channel along the northwest shore of 
Ives Island across from and just west of Hamilton Creek.  Water flowing into the area com

uring 

es 
om Hamilton Channel.  The surface waters of Hamilton Channel were, at times, higher than 

hed water within E301 without allowing entrapped 
almon an opportunity to escape. 

 of 

 for surface water to enter it.  When flooded, it becomes an 
enclosed bay.  A sandy berm covered by canary grass has formed at its mouth. 

ined 1.9% of all sampled juvenile salmon and 0% of all sampled chum during the 
00, 2001, 2002, and 2003 sampling periods. 

st southwest of E315.  It receives water from the 
orth via E315 and expels water to the south.  The southern border of E307 is formed by 

308 contained 16% of all sampled juvenile salmon and 7.6% of all sampled chum during 
the 2000, 200

f 

m during 
e 2000, 2001, 2002, and 2003 sampling periods. 

.  

vide increased flow for the 
adzick fishwheel near the center of Pierce Island (Donaldson).  A berm of natural deposits 

fr
E301 but blocked by a broad low-lying berm.  In some cases, subsurface flow, probably 
coming from Hamilton Channel, replenis
s
 
E306 contained 2.9% of all sampled juvenile salmon and 0% of all sampled chum during the 
2000, 2001, 2002, and 2003 sampling periods. 
 
E306 is an isolated clearing west of E315 on the northwest shore of Pierce Island.  It is one
the most densely vegetated of all the entrapments and is surrounded by large trees.  
Relatively high flows are required

 
E307 conta
20
 
E307is near the middle of Pierce Island ju
n
what appears to be the remnants of the old Ladzick fishwheel guide (Donaldson).  If the 
remnants were removed, most of E307’s water would drain into another entrapment to the 
south.   
 
E

1, 2002, and 2003 sampling periods. 
 
E308 is a deep depression on the Pierce Ranch N. W. R. immediately below the mouth o
Hamilton Creek. It may be an old quarry pit resulting from the construction of the nearby 
Castle Rock Fishwheel and the Hamilton fishwheel scow (Donaldson).  
 
 
E315 contained 14.4% of all sampled juvenile salmon and 3.5% of all sampled chu
th
 
E315 is a deep, straight channel cut through large cottonwoods in north central Pierce Island
Water flows into the entrapment from the north and, when high enough, exits to the south 
flowing through E307 and eventually into the lagoon in Pierce Island’s south central shore. 
E315 has the appearance of a man made channel, possibly to pro
L
has formed at its’ north entrance. Cutting off water flow through E315 would reduce the 
likelihood of E307 becoming an entrapment. 

 
E316 contained 25.3% of all sampled salmon and 10.4% of all sampled chum during the 
2000, 2001,2002, and 2003 sampling periods.  
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E316 has the largest maximum surface area of any of the entrapments, its’ length and 
maximum width dimensions are in excess of 675 feet and 102 feet, respectively. E316 
occupies a portion of a broad floodplain that cuts through the eastern portion of Pierce Island. 
When tailwater levels are in excess of 17 feet, water flows from the cha

 
nnel between Ives 

nd Pierce Islands southward through E316 to the main channel of the Columbia River.   

00, 

o the west and, when high enough, 
ows into it from the channel separating Ives and Pierce Islands to the east.  Although only 

es 

t during the 4 years of 
mpling. 

, 

ng to 

on 

) 
ho (1497) salmon.  The total number of sampled chum salmon (431) actually declined 

 34.8% between 2002 and 2003 and was 2.7% lower than in 2001 (Table 6).     

chinook, 

16 
se fins 

a
 
E317 contained 12.3% of all sampled salmon and 35% of all sampled chum during the 20
2001, 2002, and 2003 sampling periods. 
 
E317 is a broad shallow pond forming N.E. of E315 along the north central shore of Pierce 
Island.  Water backs into it via a larger and deeper pond t
fl
small numbers of dead salmon have been documented within this entrapment, the possibility 
of high water temperatures due to E317’s shallowness poses a serious threat to entrapped 
salmon on sunny days.  E317 is part of a large area of undulating topography, which includ
many other lesser entrapments.   

 
E317 has trapped more threatened chum than any other entrapmen
sa
  
E320 contained 9.8% of all sampled salmon and 11.3% of all sampled chum during the 2000
2001, 2002, and 2003 sampling periods. 
 
E320 is a bay on the south central shore of Pierce Island with a narrow entrance leadi
the main channel of the Columbia River.  The entry to E320 is lower than any of the other 
major entrapments and formation of E320 appears to require tailwater levels somewhere 
below 12 feet. 
 

-------------------------------------------------------------------------------- 
 
The year 2003 saw a 169.5% (3,850) increase in known stranded or entrapped juvenile 
salmon over what was discovered in 2002.  Nine hundred ten (17.5%) more juvenile salm
were discovered stranded or entrapped in 2003 than during the three previous study years 
combined. All of the increase can be attributed to larger numbers of sampled chinook (4196
and co
by
 
The largest number of salmon sampled in a single day was recorded on May 12, 2003 when 
1,449 juvenile salmon (856 chinook and 593 coho) were retrieved from entrapment E316.  
The largest number of salmon sampled during a two day period was recorded on May 12 and 
13, 2003 when a total of 2,184 juvenile salmon were sampled of which 2,049 (1,385 
662 coho, and 2 chum) were recovered from entrapment E316.  
 
 It is likely that a large number of the chinook and nearly all of the coho sampled from E3
were part of a hatchery release.  Of the 1,385-sampled chinook, 11 were missing adipo
and of the 662 coho 500 (75.5%) were missing adipose fins. The chinook can easily be 
divided into two size groups, those with fork lengths of 40-65mm and those with fork lengths 
of 75-105mm.  Approximately 475 of the juvenile chinook including all of the clipped 
chinook were in the 75-105mm range and are thought likely to have been a part of Spring 
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Creek Hatchery’s release of 3,370,867 fall chinook on May 8 (Fish Passage Center). Of the 
coho salmon, 544, including all clipped coho were smolts and were also thought likely to be 
hatchery fish.  When combined, the 1,019 suspected hatchery fish represent 16.6% of 2003
total sampling and are equal to near

’s 
ly 45% of 2002’s total sampling.   

d to as major entrapments, i.e., those entrapments traditionally known to 
ontain the large majority of sampled juvenile salmon.   

eformed, samplers 
heck to see if additional fish have been entrapped.  It is believed that major entrapments 

 

the 

ht to have represented, on average, the entrapment of approximately 114 
juvenile salmon, an increase of 62% per entrapment compared to the 169.5% increase in 

s 
  If 

 

r stranded salmon during 2003 can be primarily attributed to two factors, the 
more frequent fluctuations in tailwater levels critical to the formation of the seven major 
ntrapments and, a particularly timely critical drop in tailwater during a two-day period in 

und 
 

 known chum mortalities and, to a 
sser extent, a 32.9% (28 fish) decline in known coho mortalities.  Known chinook 

al poisoning but unlikely since it was 
arly February and the air and entrapment temperatures were 46ºF and 49ºF, respectively.  It 

is more likely the salmon had died from being stranded (dewatered) at a time prior to the 

 
Even without the presence of a large number of hatchery fish during a critical drop in 
tailwater depth, the number of salmon sampled in 2003 would still have been more than 
double that of 2002.  It is thought that the increase in numbers of entrapped or stranded fish 
was probably due to increased tailwater fluctuations involving levels related to the formation 
of what are referre
c
 
Since major entrapments are well known to the samplers, their existence or non-existence is 
carefully watched.  Whenever a major entrapment is believed to have r
c
rarely reformed without being resampled. With that in mind, one can look at how often the 
major entrapments were sampled in a year and get a fairly accurate idea of how often 
tailwater levels fluctuated to the degree necessary to create them. 
 
In 2003, the eight major entrapments listed in Table 7 were sampled 51 times and in 2002,
they were sampled 29 times.  If one compares the differences in per entrapment averages to 
the differences in yearly totals, the increases in entrapment averages are smaller. In 2002, 
formation of any of the major entrapments is thought to have caused, on average, the 
entrapment of approximately 70 salmon.  In 2003, the formation of any of the major 
entrapments is thoug

yearly total.  If one disregards the suspected hatchery salmon from E316 (an event that wa
not known to have occurred in 2002), the increase per major entrapment becomes 34.2%.
one completely omits the two site visits to E316 during May 12-13, 2003, the increase in 
average number of salmon per major entrapment is reduced to 9.9% (from 69.9 fish to 76.8
salmon per entrapment).  It may therefore be reasonable to say that the 169.5% increase of 
entrapped o

e
May. 
  
Whereas the total salmon count more than doubled in 2003, the total number of known 
salmon mortalities declined (Table 7).  One hundred twenty five juvenile salmon were fo
dead in 2003 compared to 199 in 2002, a drop of 37.2%.  The decrease in known mortalities
can be attributed primarily to an 88.5% (54 fish) decline in
le
mortalities increased in number by 15.1% (8 fish) but declined in rate from 5% to 1.5%. 
 
During the 2003 study year, sixty-nine (55.2%) of the sampled mortalities were found in 
entrapments.  Of the entrapment mortalities, fifty-four (75.4%) were found in a single 
entrapment that had approximately 18 square feet of surface area and an average depth of 1.9 
inches.  It is possible that these salmon died from therm
e
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arrival of the samplers.  Bonneville Dam records show that the tailwater depth had been as 
much as 1.7 feet lower during the previous 24 hours (Army Corps of Engineers), a differe
that would easily have been enough to drain the 1.9 inches of water existing at the time of 
sampling. 
 
If the fifty-four entrapment mortalities suspected of stranding are combined with the fifty
known stranding mortalities, it can be said t

nce 

-six 
hat at least 110 (88%) of the salmon mortalities 

an be attributed to dewatering which in turn is directly related to tailwater fluctuation. It is 
0, 

y 

ortality in the years 2001, 2002, and 2003.  
 
Ranges of tailwater declines during the twenty-four hour periods immediately preceding the 
sampling of chum salmon mortality, including all stranded chum whether found living or 
dead, in 2001, 2002, and 2003 are shown in Figure 24.  During this three-year period, 50% of 
all known chum mortalities were preceded by continuous tailwater declines that began at 
levels no higher than 15 feet and ended at levels no lower than 9 feet.  Forty four and one 
half percent of all known chum mortalities were preceded by declines that began at levels no 
greater than 16 feet and ended at levels no less than 13 feet.   Only a small number of the 
known chum mortalities (16 of 105) were discovered following 24-hour periods with 
continuous tailwater declines of less than one foot.  Of those sixteen mortalities, 13 were 
discovered in 2001. 

 
Figure 24:  Tailwater declines during the 24 hours immediately prior to the time of 
sampling of chum salmon mortality in 2001, 2002, and 2003.  The pairs of numbers 
along the x-axis identify a continuous decline in tailwater depth that began at a level 
less than or equal to the figure on the left but ended at a level higher than or equal to 
the figure to the right.  Some mortalities are represented more than once where ranges 
overlap.   

c
believed that dewatering was also the main cause of death in all previous study years (200
2001, and 2002). 
 
A search of Bonneville Dam tailwater records was conducted to determine if there were an
similarities in tailwater declines during the twenty-four hour periods immediately preceding 
the discovery of salmon m
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During 2001, 2002, and 2003, 51.7% of all known salmon mortalities (chum, chinook, and
coho together) were preceded by continuous tailwater declines that began a

 
t levels no greater 

than 16 feet and ended at levels no less than 13 feet (Figure 25).  The 16ft to 13ft tailwater 
nge becomes even more noteworthy when it is recognized that, during 2001, tailwater 
vels exceeded 15 feet on just 16 dates, nearly all of which were after the peak numbers of 

 had passed (Army Corps of Engineers).   

s of peak local salmon activity. In 2003, such declines 
ccurred on 7 separate dates, in 2002 the declines occurred on 10 separate dates, and in 2001 

e 
t 

e 

ore than 1 ft.  So, even though fluctuations in the 16-13ft range appear 
 be most hazardous to juvenile salmon, large fluctuations at any water level tend to be 

 

h that 
egan at a level less than or equal to the figure on the left but ended at a level higher 

e 

ra
le
sampled salmon
 
Since tailwater declines within the 16ft to13ft range preceded over half the known salmon 
mortalities, a second search was conducted to determine the yearly frequency of such 
declines. The search was limited to declines of at least 1ft that occurred during February, 
March, April, and May, the month
o
the declines occurred on 3 separate dates (Figure 26).   
 
Listing sample years in order of the 16-13ft tailwater decline frequency produces the sam
sequence (2002, 2003, 2001) as listing them in order of known mortalities.  However, i
should be noted that even in 2001, when the possibility of fluctuating in the 16ft to 13ft rang
was very small due to low river levels, 54% of known mortalities were still associated with 
tailwater declines of m
to
associated with juvenile salmon mortality. 
 
Figure 25:  Tailwater declines during the 24 hours immediately prior to the time of
sampling of chum, chinook, or coho salmon mortality in 2001, 2002, and 2003.  The 
pairs of numbers along the x-axis identify a continuous decline in tailwater dept
b
than or equal to figure on the right.  Some mortalities are represented more than onc
where ranges overlap.   
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Figure 26:  Frequency of tailwater declines of at least 1 foot that began at levels less 
than or equal to 16ft and ended at levels greater than or equal to 13 ft 
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11.  Summary 
 
During the 2003 sampling period near Ives Island on the Columbia River, 69% of the 6122 
sampled fish were chinook salmon, 7% were threatened chum salmon, and 24% were coho 

 
y.  Nine of the stranded salmon, 3 chinook and 6 coho, were still 

 of 

 

d 
were entrapped on the 

salmon.  Sixty-five salmon were observed stranded (dewatered) of which 26 were chinook, 6 
were chum, and 33 were coho.     
 
When compared to the 2002 study year, mortality and stranding rates declined for all three 
species. Mortality and stranding rates were once again highest for coho salmon, but declined 
from 17% and 16.8% to 3.8% and 2.2%, respectively.  Mortality and stranding rates for 
sampled chum salmon declined from 9.3% and 7.9% to 1.6% and 1.4%, respectively.  
Mortality and stranding rates for chinook salmon declined from 4.8% and 3.1%, in 2002, to
1.4% and 0.6%, respectivel
alive when sampled. 
 
Peak numbers of threatened chum salmon were observed the week of February 23 to March 1 
and between March 30 and May 3, primarily between Ives Island and the Pierce Ranch N. W. 
R. below Hamilton Creek and on a wide flood plain cutting through the eastern third
Pierce Island (Areas A and C, Map 1).  The greatest numbers of chum salmon mortalities 
(71.4%) were observed along the northern shore of Pierce Island (Area E, Map 1).   
 
Peak numbers of threatened tule chinook salmon were observed between February 9 and 
March 1.  Peak numbers of upriver bright chinooks were observed between April 13 and May
17.  The majority of sampled chinook salmon were observed on the wide flood plain cutting 
through the eastern third of Pierce Island and between Ives Island and Pierce Ranch N. W. R. 
(Areas C and A, Map 1).  The greatest numbers of chinook salmon mortalities (55.7%) were 
observed along the northern shore of Pierce Island (Area E, Map 1).  
 
Peak numbers of coho salmon were observed February 2 to 15 and between March 30 and 
April 26.  A group of 677, primarily hatchery smolts, were entrapped on May 12.   The 
majority of sampled coho salmon were observed along the shores between Ives Island an
the Pierce Island N. W. R. (Area A, Map 1).  The hatchery smolts 
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wide flood plain in Area C. The greatest numbers of coho salmon mortalities (55.7%) were 

 

 
e 

ithout the presence of a large 
umber of hatchery fish during a critical drop in tailwater depth in May of 2003, the number 

o 
d 

If the fifty-four entrapment mortalities suspected of stranding are combined with the fifty-six 
known stranding mortalities, then at least 110 (88%) of the salmon mortalities can be 
attributed to dewatering which in turn is directly related to tailwater fluctuation. It is believed 
that dewatering was also the main cause of death in all previous study years (2000,2001, and 
2002). 
 
All known chum mortalities were preceded by continuous tailwater declines that began at 
levels no higher than 13 feet and ended at levels no lower than 11.7 feet during the 24 hours 
prior to sampling (Table B31).  The greatest numbers of chinook and coho mortalities (45.3% 
and 71.4%, respectively) were discovered following continuous tailwater declines that began 
at levels no higher than 15.9 feet and ended at levels no lower than 13.3 feet (Table B31).  
When taken as a whole, 55.2% of all known salmon mortalities were preceded by continuous 
tailwater declines beginning at levels no higher than 15.9 feet and ending at levels no lower 
than 13.3 feet (Table B31).  
 
During 2001, 2002, and 2003, 51.7% of all known salmon mortalities were preceded by 
continuous tailwater declines that began at levels no greater than 16 feet and ended at levels 
no less than 13 feet (Figure 25).  Listing sample years in order of the 16-13ft tailwater 
decline frequency produces the same sequence (2002, 2003, 2001) as listing them in order of 
known mortalities.  Although the 16-13ft range appears to be most hazardous to juvenile 
salmon, overall, 87.3% of all known juvenile salmon mortality followed 24-hour periods 
with continuous tailwater declines of more than 1 ft., so tailwater declines at any elevation 
are likely to be hazardous. 
 
Tailwater levels ranged between 15.5ft and 18.8ft (Army Corps of Engineers) during the 
sampling of the four major entrapments. The unknown affects of river attenuation and 
channeling within the study area prevent the identification of specific critical tailwater levels.  
Tailwater levels associated with each of the major entrapments are list in Table 4.   
 

observed along the northern shore of Pierce Island (Area E, Map 1).   
 
The year 2003 saw a 169.5% increase in known stranded or entrapped juvenile salmon over
what was discovered in 2002.  Nine hundred ten more juvenile salmon were discovered 
stranded or entrapped in 2003 than during the three previous study years combined.  All of
the increase can be attributed to larger numbers of sampled chinook and coho salmon.  Th
total number of sampled chum salmon actually declined by 34.8% between 2002 and 2003 
and was 2.7% lower than in 2001.   
 
Some of the increased numbers of entrapped fish are due to entrapment of salmon released 
from Spring Creek Hatchery in May of 2003.  However, even w
n
of salmon sampled in 2003 would still have been more than double that of 2002.  It is 
thought that the increase in numbers of entrapped or stranded fish was probably due t
increased tailwater fluctuations involving levels related to the formation of what are referre
to as major entrapments, i.e., those entrapments traditionally known to contain the large 
majority of sampled juvenile salmon.   
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The fork length data indicate that the majority of the entrapped and stranded salmon are in 
e 40-50 mm range. Fork lengths of all three species averaged above 50mm after May 10.  

es 
ow 

at salmonids are most likely to be impacted by river level fluctuations when they are small, 
 coho 

 
ents (E316-9 and E342).   

 
l 

wide variety of dominant 
substrates, ranging from fines to coarse gravel.  The largest numbers of juvenile salmon 

Temperature did not appear to be a major control on juvenile salmon mortality.  The 
74ºF.  
6ºF.  

hinook mortalities was 42ºF to 
9ºF.  The temperature of the entrapments known to contain coho mortalities was 48ºF to 

º F.  Of those fish, only 1 (00.04%) was a mortality. 

d been returned to the entrapments. 

ecause of the size of the survey area, some juvenile salmon are likely to have been 

some of the entrapped or stranded salmon. 

th
Ninety-nine and one half percent of all sampled chum and 82.2% of all salmon mortaliti
were less than 50mm. This appears to agree with the conclusions of Nugent et al. that sh
th
however, approximately 39% of all sample chinook, and more than 45% of all sampled
had fork lengths greater than 60mm.  Nearly all of the larger salmon were found on just two
survey dates, May 12 and 13, in two very large entrapm

The most common substrates for entrapments containing juvenile salmon were coarse grave
and cobble, while stranded salmon were found at sites with a 

mortalities were found at stranding sites with sparse vegetation.   
 

temperatures of entrapments known to contain juvenile salmon ranged from 42ºF to 
The temperature of the entrapment known to contain the single chum mortality was 4
The temperature range of entrapments known to contain c
6
50ºF.  All of the temperatures cited above should be well within the tolerance of juvenile 
salmon.  Two thousand six hundred ninety-six juvenile salmon were found in entrapments 
with water temperatures in excess of 60
 
All live sampled salmon were released into the Columbia River, it is not known how many 
would have died if they ha
 
Several factors create the likelihood that salmon mortalities were higher than recorded.  
B
overlooked.  Rising water levels may have swept away dead salmon prior to the arrival of 
samplers.  Predators taking advantage of the confined waters or scavengers may have eaten 
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Appendix A:  Site Coordinates 
 

TABLE A.  Year 2003  near Ives Island o
Columbia River.  

t io

 entrapment locations found n the 

En rapment Locat ns 
Entrapment Code Species Sampled  

Sampling 
ea Latitude Longitude Ar

E301 chum,  A chin, coho N45.62577 W121.99504 
E A 302   N45.62595 W121.99468 
E c   A 303 hum, chin, coho N45.62951 W121.99445 
E ch o A 304 inook, coh N45.62737 W121.99645 
E A 305  N45.62768 W121.99615 
E E 306  N45.62327 W122.01086 
E ch o  D 307 inook, coh N45.62224 W122.00949 
E chum coho  A 308 , chin, N45.62754 W121.99552 
E A 309   N45.62866 W121.99480 
E A 310   N45.62637 W121.99547 
E A 311   N45.62637 W121.99572 
E A 312   N45.62627 W121.99577 
E B 313   N45.62083 W121.99920 
E ch o  C 314 inook, coh N45.62197 W122.00390 
E chum oho  E 315 , chin, c N45.62317 W122.00853 
E chum oho  C 316 , chin, c N45.62028 W122.00493 
E chin ho  E 317 ook, co N45.43666 W122.00755 
E ch o  F 318 inook, coh N45.61506 W122.02788 
E F 319 coho N45.61488 W122.02771 
E chum oho  5 82 D 320 , chin, c N45.6208 W122.009
E ch  D 321 um, coho N45.62105 W122.00917 
E ch o  E 322 inook, coh N45.62458 W122 00868 
E C 323   N45.62073 W121.99851 
E324   N45.62125 W121.99920 C 
E325   N45.62171 W122.00280 C 
E326   N45.62605 W121.99489 A 
E327   N45.62714 W121.99318 A 
E328   N45.62455 W122.00539 E 
E329   N45.62457 W122.00512 E 
E330   N45.62196 W122.00347 C 
E331   N45.62191 W122.00380 C 
E332 chum, chinook N45.62169 W122.00423 C 
E333   N45.62122 W121.99959 C 
E334   N45.6244 W122.00396 E 
E335 chum N45.62128 W122.01540 W. PIERCE 
E336 chum, chin, coho  N45.61929 W122.00609 C 
E337   N45.62213 W122.00376 C 
E338   N45.62149 W122.00485 C 
E339   N45.62159 W122.00475 C 
E340   N45.61533 W122.02803 F 
E341   N45.61478 W122.02854 F 
E342 chinook, coho N45.62415 W121.99491 A 
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ABLE B.  Year 2003 strandingT

C
 locations found near Ives Island on the  

olumbia River.  
Stranding Locations 

Entrapment Code p d
ling 

Species Sam led Latitu e Longitude Area 
Samp

S301 chinook, coh  N45.6277o 1 W121.995  A 03
S302 co  2799 W121.9  A ho N45.6 9533
S303 chinoo co  2758 W121.9  A k, ho N45.6 9606
S304 chinoo co  N45.62728 W121.9  A k, ho 9681
S305 chum, no  N45.62719 W121.9  A chi ok 9685
S306 chin k N45.62142 W122.0  D oo 0975
S307 chinoo co  2173 W122.0  D k, ho N45.6 0956
S308 co  2172 W122.0  D ho N45.6 0870
S309 chin k 2184 W122.0  C oo N45.6 0372
S310 co  2163 W122.0  C ho N45.6 0421
S311 chinoo co  1931 W122.0  C k, ho N45.6 0616
S312 co  N45.61485 W122.0  F ho 2856
S313 co  N45.61845 W122.0  D ho 0858
S314 co  N45.61847 W122.0  D ho 0844
S315 co  2418 W122.0  E ho N45.6 0916
S316 chinook N45.62552 W121.99529 A 
S317 chum N45.62441 W122.00398 E 
S318 chum 459 E N45.62 W122.00475 
S319 chum N45.62457 W122.00512 E 
S320 chin k N45 96 W122.0 7 E oo .623 097
S321 chin k N45 55 W122.0  E oo .624 0539
S322 chum Missi Missing  ? ng  
S323 chin k N45 84 W122.00  E oo .623 806
S324 chin k N45. 97 W122.00  C oo 621 390
S325 chin k N45 02 W122.00  D oo .622 838
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Appendix B:  Tables 
 
Table B1:  Weekly sampling results of threatened chum salmon, 2003 

S ndedtra  Week 
Mortality A

E app Total M alities 
(Stranded + ntrapped) 

To
Chulive

ntr ed ort
 E

tal 
m 

February 16-22 0 0   1 10  
Febru ch 1   139 13ary 23-Mar 0 0 1 9 

March 9-15 0 0   3 3 0 
March 16-22 6 0   6 126  
March 23-29 0 0   0 0 0 

March 30-April 5 0 0   44 440  
April 6-12 0 0   34 340  

April 13-19 0 0   57 570  
April 20-26 0 0   62 620  

April 27-May 3 0 0   64 640  
May 4-10 0 0   4 40  
May 11-17 0 0   7 70  
March 9-15 0 0   2 2 0 

Total 6 0   423 429 7 
 
Table B2.  Results of w ly sampling of chinook salmon, 2003 

Stranded Entrapped 
eek

Week 
Mortality L Mortality L

Total M alities 
(Stranded + ntrapped) Total Chinookive ive

ort
 E

February 2-8 9 3 25 17 34 54 
February 9-15 2 0 5 288 7 295 
February 16-22 0 0 0 89 0 89 

February 23-March 1 0 0 3 265 3 268 
March 2-8 0 0 4 6 4 10 
March 9-15 5 0 0 38 5 43 
March 16-22 0 0 0 38 0 38 
March 23-29 0 0 0 23 0 23 

March 30-April 5 0 20 0 0 120 0 1
April 6-12 113 0 0 0 113 0 

April 13-19  3  443 0 0 0 44 0
April 20-26  377 0 0 0 377 0

April 27-May 3  354  1 0 0 353 1
May 4-10  9 329 0 0 0 32 0 
May 11-17  0 1545 5 0 0 154 5 
May 18-24   4 0 0 0 4 0 
May 25-31   1 1 0 0 0 1 
June 1-7   0 0 0 0 0 0 
June 8-14   0 0 0 0 0 0 

June 15-21 0 0 0 0 0 0 
June 22-28 90 0 0 1 89 1 

Total   2  4196 23 3 38 413 61
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Table B3.  Resu kl plin f coh salm , 200
n E rapp

lts of wee y sam g o o on 3 
Stra ded nt ed Week 

lit Mortality
talities 

(Stranded + Entrapped) Total CohoMorta y Live Live
Total Mor

February 2-8   353 27 6 29 129 56
February 9-15  3  214 0 0 1 21 1
February 16-22    4 0 0 0 4 0

February 23-Marc    44 h 1 0 0 0 44 0
March 2-8    0 0 0 0 0 0
March 9-15    1 0 0 0 1 0
March 16-22    3 0 0 0 3 0
March 23-29  0 0 0 0 0 0

March 30-April 5  91  0 0 0  91 0
April 6-12    17 0 0 0 17 0

April 13-19    31 0 0 0 31 0
April 20-26    30 0 0 0 30 0

April 27-May 3    1  0 0 0 1 0
May 4-10    12 0 0 0 12 0
May 11-17  7  667 0 0 0 66 0
May 18-24 0 0 0 0 0 0 
May 25-31 0 0 0 0 0 0 
June 1-7 0 0 0 0 0 0 
June 8-14 0 0 0 0 0 0 

June 15-21 0 0 0 0  0 0 
June 22-28 0 0 0 29 29 0 

Total  6 30 1434  1497 27  57
 
 
Table B4.  Maximum continuous tailwat ur periods 
im  precedi he samp  of nile salmon mortality including all 
stranded salmon wh r found l g ad.  Site codes beginning with E are 
entrapments, those beginning with S are strandings. 

e ive ive Chum Chin. Coho  

er declines during the 24-ho
mediately ng t ling  juve

ethe ivin or de

Tailwater Liv  L L
Range (ft) 

Da Site Cod
u hin. ho Morts. Morts. Morts. 

te e
Ch m C Co

12. 02/13/03 E301-3 D ot a  5 1 3-11.7 oes n pply 0 
12. 02/13/03 S316 0 0 0 0 2 0 3-11.7 
12.5-11.7 02/26/03 E301-6 Does not apply 1 1 0 
13.0-11.7 03/02/03 E317-4 Does not apply 0 4 0 
13.0-11.8 03/13/03 S317 0 0 0 1 0 0 
13.0-11.8 03/13/03 S318 0 0 0 2 0 0 
13.0-11.8 03/13/03 S319 0 0 0 2 0 0 
13.0-11.8 03/13/03 S320 0 0 0 0 3 0 
13.0-11.8 03/13/03 S321 0 0 0 0 2 0 
13.0-11.8 03/13/03 S322 0 0 0 1 0 0 
13.7-12.3 02/27/03 E301-7 Does not apply 0 2 0 
14.3-13.3 02/07/03 E315-2 Does not apply 0 24 28 
14.3-13.3 02/07/03 S312 0 0 0 0 0 1 
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1 3 4.3-13.3 02/07/03 S313 0 0 0 0 0 
1  0 0 2 4.3-13.3 02/07/03 S314 0 0 0 
1 1 4.3-13.3 02/07/03 S315 0 0 0 0 0 
15.8 06/25 E342  app 0 1 0 -13.6 /03 Does not ly 
15. 02/06/03 S309 0 2 0 9-13.3 0 0 0 
15. 02/06/03 S310 0 0 5 9-13.3 0 0 0 
15.9 02/06/03 S311 0 2 5 -13.3 0 0 0 
18.6 05/11/03 S324 0 5 0 -16.5 0 0 0 
19. 02/04/03 S307 0 1 2 9-18.4 0 0 0 
19. 02/04/03 S308 0 0 1 9-18.4 0 0 0 
20. 05/01/03 S323 0 1 0 5-18.5 0 0 0 
21.2 02/03 E304  appl 0 1 1 -17.3 /03 Does not y 
21. 02/03/03 S301 0 0 0 2-17.3 0 2 4 
21. 02/03/03 S302 0 0 1 2-17.3 0 0 0 
21. 02/03/03 S303 0 0 0 2-17.3 0 1 2 
21.2 02/03/03 S304 0 3 3 -17.3 0 0 0 
21. 02/03/03 S305 0 0 3 2-17.3 0 0 0 
21. 02/03/03 S306 0 1 0 2-17.3 0 0 0  
24. 05/29/03 S325 0 1 0 6-19.6 0 0 0 

 
 
Table B5.  Fork length summary of entrapped chum salmon, 2003 

  Fork Length W  Number hum 
Medi Mea inim Maxim

eek Ending of C
an n M um um

2/22/2003 1 44 44 44 44 
3/1/2003 139 40 39.8 34 47 
3/8/2003 3 44 43.3 42 44 
3/15/2003 6 41 41.5 4 40 4
3/22/2003 0         
3/29/2003 44 42 41.4 32 50 
4/5/2003 34 41 4 3 47 0.8 7 
4/12/2003 57 41 42 3 51 6 
4/19/2003 62 42 4 3 53 3.1 7 
4/26/2003 6 41 4 38 45 4 0.9
5/3/2003 4 42.5 .5 40 45 42
5/10/2003 7 45 4 47 45.3 2 
5/17/2003 2 59 59 5 61 7 
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Table B6.  Fork Length summary of entrapped chinook salmon, 2003 
  Fork Length W  Number

Median n Minimum M um 
eek Ending  of Chinook

Mea axim
2/8/2003 42 47 51.4 36 54 
2/15/2003 293 40 41.5 36 60 
2/22/2003 89 42 44.4 36 60 
3/1/2003 268 42 43.4 35 60 
3/8/200  49 3 10 43 43.2 38
3/15/200 56 3 38 43 45.2 40 
3/22/2003 38 45 41 50 46 .1
3/29/2003 23 44 47.8 37 70 
4/5/2003 120 43 46.2 36 62 
4/12/2003 113 42 43 36 69 
4/19/2003 443 4 80 2 39.4 37 
4/26/200  3 377 41 40.5 33 52
5/3/2003 353 4 43 3 36 62 
5/10/2003 329 43 43.5 36 62  
5/17/2003 1540 55 61.8 35 104  
5/24/2003 4 (1) 49 47 43 50  
5/31/2003 0         
6/7/2003 0         
6/14/2003 0         
6/21/2003 0         
6/28/2003 90 77 77 52 99  

( )- indicates # of smolts, excluded in F.L. calculations   
 
Table B7.  Fork Length summary of entrapped coho salmon, 2003 

  gth Fork LenWee
di M

k Ending Number of Coho 
Me an Mean Minimum aximum

2/8/2003 320 8 .33  38 34 44 
2/15/2003 214 38  37.9 29 43 
2/22/2003 4 37.5 7.5   3 36 39 
3/1/2003 44 38  38.3 35 43 
3/8/2003 0         
3/15/2003 1[no measurement]         
3/22/2003 3 45 44 36 50 
3/29/2003 0         
4/5/2003 34 42 91 39 38.7
4/12/2003 36 45 17 41 40.4
4/19/2003 38 44 31 39 39.7
4/26/2003 43.1 35 56 30 41.5 
5 003 41 41 41 /3/2 1 41 
5/10/2003 45.7 38 59 12 (9) 40 
5/17/2003 63.9 42 95 667 (643) 55 
5/24/2003     0     
5/31/2003     0     
6/7/2003       0   
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6/14/2003 0         
6/21/2003 0         
6/28/2003 29 74 74.9 64 94 

( )- indicates # of smolts, excluded in F.L. calculations  
 
Table B8.  Observed fork length summary ding 
sites near Ives Island in 2003. 

ork Leng  (mm) 

of threatened chum salmon at stran

F thDate Number of Chum 
Median ean Minimum MaximM um

3/13/2003 6 42 1.2 37 43 4
 
Table B9.  Observed fork leng  su mary of h ok salm  at 

nd in 2003. 
Fork Lengt m  

th m  c ino on stranding sites near 
Ives Isla

h (m )Date Number of Chinook 
Media Mean Minimum aximumn M

2/3/2003 7   41.1 38 49 
2/4/2003 1   38 38 38 
2/6/2003 4   50.5 50 51 
2/13/2003 2   36 35 37 
3/13/2003 5   42.2 39 50 
5/1/2003 1   40 40 40 
5/11/2003 5   53.4 47 58 
5/29/2003 1   58 58 58 
 
Table B10.  Observed fork len h summ ry of coho salmon at stranding sites near 

nd in 2003 
Fork Length (mm) 

gt a
Ives Isla

Date Number of Coho 
Median  Mean Minimum Maximum 

2/3/2003 13  37 34 39  
2/4/2003 3  35.7 35 36  
2/6/2003 10  35 33 37  
2/7/2003 7 35.2 32 39   

 
Key to dominant substrate cod s 

Substrate ass 
e

Code Cl
1 Fines:  clay to coarse sand (<1 mm) 
2 Very coarse sand (1-2 mm) 
3 Fine gravel (2-4 mm) 
4  Medium grav -8 mel (4 m) 
5 Coarse gravel ) (8-16 mm  
6 Small pebble (16-32 mm) 
7 Large pebble (32-64 mm) 
8 Cobble or rubble (64-256 mm) 
9 Boulder (>256 mm) 
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Table B11.  Number of chum salmon found on entrapment sites marked by
particular dominant substrate near Ives Island in 2003.  Numbers in ( ) represent 
mortalities. 

Subst

 a 

rate Code Site Code 
1 5 6 7 8 

E301-4         1 
E301-5         2 
E301-6       24(1)   
E301-7          83
E301-8         3 
E303-3          13
E303-4         8 
E308-3         1 
E308-4         28 
E308-5         5 
E308-6         1 
E308-7         1 
E308-8         63 
E308-9         1 
E308-10     3     
E308-11       6   
E308-12       1   
E315-6    1     
E316-2   6       
E316-3   28       
E316-4   15       
E316-5   21       
E316-6   34       
E316-7   49       
E316-8   5       
E316-10   2       
E320-2 8          
E321-2 1          
E325-2 1         
E332-2   1       
E332-3   6       
E336-2   1       

Total Number 10 168 22 3 110 11
Mean Number per Site 3.3 5.3 7.3 11 1 22.6 
Median Number per Site 1 6 8 3 2 
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Table B12.  Number of stranded chum salmon found on sites marked by a 

ular dominant subst te near Ives lan in 2003.  A compan ing entrapment 
entify the strandin site as a dew
nt mortalities (key precedes Table B10) 

Substrate Code 

partic ra  Is d c y
codes id g atered entrapment.  Numbers in ( ) 
represe

Site Code 
3 4 5 U K. N

S317   1(1)     
S318     2(2)   
S319 2(2)      
S322       1(1) 

Total Number 2 1 2  1
Mean Number per Site 2 1 2   1
Median Number per Site 2 1 2    1
 
 
Table B13.  Number of entrapped chinook salmon found on sites marked by a 

lar dominant substrate ar Ive n in 2003.  N mbers in ( ) represent 
ties (key precedes Table B10)  

ate Code

particu ne s Isla d u
mortali

Substr  Site Code 
6 7 8 1 5 

E301-2     8     
E301-3     25(5)     
E301-4     58     
E301-5       2   
E301-6   20(1)       
E301-7   74(2)       
E301-8   3       
E303-3   11       
E303-4   7       
E304       1(1)   
E307 4         
E308     11     
E308-2         38 
E308-3   53       
E308-4         45 
E308-5         16 
E308-6         14 
E308-7         10 
E308-8         300 
E308-9         45 
E308-10         71 
E308-11         169 
E308-12         94 
E308-13         23 
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E308-14         3 
E308-15         53 
E314   1       
E314-2   2       
E315-2     24(24)     
E315-3   4       
E315-4         5 
E315-5         27 
E315-6     264     
E315-7     1     8 
E315-8     6     6 
E315-9     132     
E315-10     1     
E316   1       
E316-2         38 
E316-3         11 
E316-4         6 
E316-5          26
E316-6       73   
E316-7 62       3   
E316-8       31   
E316-9   856       
E316-10   529       
E317-1   0       1
E317-2         11 
E317-3   13       
E317-4   7(4)       
E318 1         
E320 249         
E320-2 124         
E322 31         
E322-2 1          
E322-3 5          
E332-3   8       
E336   6       
E336-2   32       
E342 37      (1)     

Total Number 452 059 5 191 945 2 23 
Mean Number per Site 56.5 65.4 63 93.6 23.9 
Median Number per Site 1 11 21 45 8 14 
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Table B14.  Number of stranded chinook salmon found on sites marked by a 

lar dominant subst te near Iv  Island in 2003.  Accompanying entrapment 
ntify the strandin site as a dewatered entrapment.  Numbers in ( ) 
t mortalities (key precedes Table B10). 

Substrate Codes 

particu ra es
codes ide g 
represen

Site Code 
1 3 4 5 6 7 

S301 2           
S303           1 
S304   )       3(3    
S306 1(1         )   
S307 1(1         )   
S309 2(1         )   
S311       2(1)      
S316         2(1)   
S320 3(3         )   
S321   2(1)          
S323 1(1         )   
S324     5(5)        
S325     1(1)        

Total Number 10 2 3 7 2 2 
Mean Number per Site 1.7 2  2.3 2 2 3
Median Number per Site 1.   1 2 2 5 2 3
 
 
Table B15.  Number of entrapped coho salmon found on entrapment sites marked 
by a particular dominant substrate near Ives Island in 2003.  Numbers in ( ) 

sent mortalities (key precerepre des Table B10). 
Substrate Codes 

Site Code 
1 5 6 7 8  

E301-2       55   
E301-3       4(1   ) 
E301-4     3     
E301-6       6   
E301-7       10   
E303-2     10     
E303-3     7     
E304       8(1)   
E307 1         
E308         282 
E308-2         3 
E308-3         21 
E308-4         49 
E308-5         20 
E308-6         9 
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E308-7         5 
E308-8         27 
E308-9         1 
E308-10         1 
E308-11         2 
E308-12      10    
E308-13       2   
E308-15     14     
E314   1       
E315-2  28(28      )   
E315-3   1       
E315-4         1 
E315-5   1       
E315-9   3       
E316-2         1 
E316-5 5         
E316-6   3       
E316-7   20        
E316-8   3       
E316-9   593       
E316-10   9       6  
E317-1   6       
E317-2       3   
E318 8         
E319 17         
E320 113         
E320-2 18         
E321 1         
E322 1         
E336-2  3       
E342 15         

T m 174 713 45 86 446 otal Nu ber 
Mean Num rber pe  Site 21.75 47.5 15 14.4 31.9 
Median Num r pbe er Site 11.5 3 10 7 9.5 
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Table B16.  Number of stranded coho salmon found on sites marked by a particu
dominant substrate near Ives Island in

lar  
 2003.  Accompanying entrapment codes 

identify the stranding site as a de umbers in ( ) represent 
mortalities (key precedes Table B10). 

Substrate Codes 

watered entrapment.  N

Site Code 
1 4 5 6 7 

S301 4         
S302       1(1)   
S303     2     
S304   3(3)       
S305       3(3)   
S307 2(2)         
S308   1(1)       
S310 5(5)         
S311       5(5)   
S312         1(1) 
S313       3(3)   
S314     2(2)     
S315   1(1)       

Total Number 11 5 4 12 1 
Mean Number per Site 3.7 1.7 2 3 1 
Median Number per Site 4 1 2 3 1 
 
 
 
 
Key to embeddedness codes 
 

Code % Fines   Description 
1 0-25   Openings between dominant sized particles are 1/3 to 1/2 the  
      size of the particles.  Few fines in between.  Edges are clearly  
       discernible. 
2 25-50   Openings are apparent, but <1/4 the size of the particles.   
      Edges are discernible, but up to half obscured. 
3 50-75   Openings are completely filled, but half of edges are still 
      discernible. 
4 75-100   All openings are obscured.  Only one or two edges discernible 
      and size cannot be determined without removal. 
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Table B17.   Number of threatened chum salmon found at entrapment sites with a 
given substrate embeddedness near Ives Island of the Columbia River in 2003.  
Numbers in ( ) represent mortalities. 

Embeddedness Code Site Code 
1 2 3 4 

E301-4 1      
E301-5   2     
E301-6   24(1)     
E301-7   83     
E301-8   3     
E303-3   13     
E303-4   8     
E308-3 1       
E308-4 28       
E308-5 5       
E308-6 1       
E308-7 1       
E308-8 63       
E308-9 1       
E308-10 3       
E308-11 6       
E308-12 1       
E315-6     1   
E316-2   6     
E316-3   28     
E316-4   15     
E316-5   21     
E316-6   34     
E316-7   49     
E316-8   5     
E316-10   2     
E320-2       8 
E321-2       1 
E335-2       1 
E332-2 1       
E332-3 6       
E336-2       1 

Total Number 118 293 1 11 
Mean Number per Site 9.1 20.9 1 2.75 
Median Number per Site 1 14 1 1 
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Table B18.   Number of threatened chum salmon found at stranding sites with a 
given substrate embeddedness near Ives Island of the Columbia River in 2003.  
Accompanying entrapment codes identify the stranding site as a dewatered 
entrapment.  Numbers in ( ) represent mortalities (key precedes Table B16).  

Embeddedness Code Site Code 
1 2 3 4 UNK 

S317  1(1)       
S318   2(2)       
S319   2(2)      
S322         1(1) 

Total number 0 5 0 0 1 
Mean number per site  0 1.7 0 0 1 
Median number per site  0 2 0 0 1 
 
 
 
 
 
Table B19.  Number of chinook salmon found at entrapment sites with given 
substrate embeddedness near Ives Island of the Columbia River in 2003.  Numbers 
in ( ) represent mortalities (key precedes Table B16). 

Embeddedness Code Site Code 
1 2 3 4 

E301-2       
E301-3   25(5)     
E301-4   58     
E301-5   2   
E301-6   20(1)     
E301-7   74(2)     
E301-8   3     
E303-3   11     
E303-4   7     
E304 1(1)       
E307       4 
E308 11       
E308-2 38       
E308-3 53       
E308-4 45       
E308-5 16       
E308-6 14       
E308-7 10       
E308-8 300       
E308-9 45       
E308-10 71       
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E308-11 169       
E308-12 94       
E308-13 23       
E308-14 3       
E308-15 53       
E314     1   
E314-2     2   
E315-2     24(24)   
E315-3   4     
E315-4   5     
E315-5   27     
E315-6     264   
E315-7     18   
E315-8     66   
E315-9     132   
E315-10     1   
E316   1     
E316-2   38     
E316-3   11     
E316-4   6     
E316-5   26     
E316-6   73     
E316-7   362     
E316-8   31     
E316-9   856     
E316-10   529     
E317-1   10     
E317-2   11     
E317-3   13     
E317-4   7(4)     
E318       1 
E320       249 
E320-2       124 
E322       31 
E322-2       1 
E322-3       5 
E332-3 8       
E336       6 
E336-2       32 
E341       37(1) 

Total number 954 2218 508 490 
Mean number per site  56.1 85.3 63.5 49 
Median number per site  38 12 21 18.5 
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Table B20.  Number of chinook salmon found at stranding sites with given substrate 
embeddedness near Ives Island of the Columbia River in 2003.  Accompanying 
entrapment codes identify the stranding site as a dewatered entrapment.  Numbers 
in ( ) represent mortalities (key precedes Table B16). 

Embeddedness Code Site Code 
1 2 3 4 

S301      2 
S303   1     
S304 3(3)       
S306       1(1) 
S307       1(1) 
S309       2(2) 
S311 2(2)       
S316 2(2)       
S320       3(3) 
S321   2(2)     
S323       1(1) 
S324     5(5)   
S325   1(1)     

Total number 7 4 5 10 
Mean number per site  2.3 1.3 5 1.7 
Median number per site  2 1 5 1.5 
 
 
Table B21.  Number of coho salmon found at entrapment sites with given substrate 
embeddedness near Ives Island of the Columbia River in 2003.  Numbers in ( ) 
represent mortalities (key precedes Table B16). 

Embeddedness Code Site Code 
1 2 3 4 

E301-2   55     
E301-3   4(1)     
E301-4 3      
E301-6   6     
E301-7   10     
E303-2   10     
E303-3   7     
E304 8(1)       
E307       1 
E308 282       
E308-2 3       
E308-3 21       
E308-4 49       
E308-5 20       
E308-6 9       
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E308-7 5       
E308-8 27       
E308-9 1       
E308-10 1       
E308-11 2       
E308-12 10       
E308-13 2       
E308-15 14       
E314     1   
E315-2     28(28)   
E315-3   1     
E315-4   1     
E315-5   1     
E315-9   3     
E316-2   1     
E316-5   5     
E316-6   3     
E316-7   20     
E316-8   3     
E316-9   593     
E316-10   69     
E317-1   6     
E317-2   3     
E318       8 
E319       17 
E320       113 
E320-2       18 
E321       1 
E322       1 
E336-2       3 
E341       15 

Total Number 457 801 29 177 
Mean Number per Site 28.6 42.2 14.5 19.7 
Median Number per Site 8.5 5 14.5 8 
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Table B22.  Number of coho salmon found at stranding sites with given substrate 
embeddedness near Ives Island of the Columbia River in 2003.  Accompanying 
entrapment codes identify the stranding site as a dewatered entrapment.  Numbers 
in ( ) represent mortalities (key precedes Table B16). 

Embeddedness Code Site Code 
1 2 3 4 

S301      4 
S302   1(1)     
S303   2     
S304 3(3)       
S305 3(3)       
S307      2(2) 
S308   1(1)     
S310       5(5) 
S311 5(5)       
S312   1(1)     
S313   3(3)     
S314     2(2)   
S315       1(1) 

Total number 11 8 2 12 
Mean number per site  3.7 1.6 2 3 
Median number per site  3 1 2 3 
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Key to vegetation density codes 
Code      Description 

 0  No vegetation present 
1  Sparse vegetation, substrate is completely evident. 
2  Medium vegetation, substrate is only partially obscured. 
3  Dense vegetation, substrate is nearly or completely obscured. 

 
Table B23.  Number of threatened chum salmon observed at entrapment sites with 
given vegetation densities near Ives Island of the Columbia River in 2003.  Numbers 
in ( ) represent mortalities. 

Vegetation Density Code Site Code 
0 1 2 3 

E301-4 1       
E301-5 2       
E301-6 24(1)       
E301-7 83       
E301-8 3       
E303-3 13       
E303-4 8       
E308-3   1     
E308-4   28     
E308-5   5     
E308-6   1     
E308-7   1     
E308-8   63     
E308-9   1     
E308-10   3     
E308-11   6     
E308-12   1     
E315-6   1     
E316-2     6   
E316-3     28   
E316-4     15   
E316-5     21   
E316-6     34   
E316-7     49   
E316-8     5   
E316-10     2   
E320-2   8     
E321-2   1     
E325-2       1 
E332-2     1   
E332-3     6   
E336-2   1     
Total Number 110 121 167 1 
Mean Number per Site 18.3333 8.64286 16.7 1 
Median Number per Site 5.5 1 10.5 1 
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Table B24.  Number of threatened chum salmon observed at stranding sites with 
given vegetation densities near Ives Island of the Columbia River in 2003.  
Accompanying entrapment codes identify the stranding site as a dewatered 
entrapment (key precedes Table B22).  Numbers in ( ) represent mortalities.  

Vegetation Density Code Site Code 
0 1 2 3 UNK. 

S317  1(1)     
S318   2(2)       
S319     2(2)     
S322         1(1) 

Total Number 0 3 2 0 1 
Mean Number per Site 0 1.5 2 0 1 
Median Number per Site 0 1.5 2 0 1 
  
Table B25.  Number of chinook salmon observed at entrapment sites with given vegetation 
densities near Ives Island of the Columbia River in 2003.  Numbers in ( ) represent 
mortalities (key precedes Table B22). 

Vegetation Density Code Site Code 
0 1 2 3 

E301-2 8       
E301-3 25(5)       
E301-4 58       
E301-5 2       
E301-6 20(1)       
E301-7 74(2)       
E301-8 3       
E303-3 11       
E303-4 7       
E304     1(1)   
E307       4 
E308   11     
E308-2   38     
E308-3   53     
E308-4   45     
E308-5   16     
E308-6   14     
E308-7   10     
E308-8   300     
E308-9   45     
E308-10   71     
E308-11   169     
E308-12   94     
E308-13   23     
E308-14   3     
E308-15   53     
E314   1     
E314-2   2     
E315-2   24(24)     
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E315-3     4   
E315-4     5   
E315-5     27   
E315-6   264     
E315-7   18     
E315-8   66     
E315-9   132     
E315-10   1     
E316     1   
E316-2     38   
E316-3     11   
E316-4     6   
E316-5     26   
E316-6     73   
E316-7     362   
E316-8     31   
E316-9     856   
E316-10     529   
E317-1   10     
E317-2   11     
E317-3   13     
E317-4   7(4)     
E318   1     
E320   249     
E320-2   124     
E322   31     
E322-2   1     
E322-3   5     
E332-3     8   
E336   6     
E336-2   32     
E342   37     
Total Number 208 1980 1978 4 
Mean Number per Site 23.1 55 131.9 4 
Median Number per Site 11 23.5 26 4 
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Table B26.  Number of chinook salmon observed at stranding sites with given 
vegetation densities near Ives Island of the Columbia River in 2003. Accompanying 
entrapment codes identify the stranding site as a dewatered entrapment (key 
precedes Table B22).  Numbers in ( ) represent mortalities (key, p. 57). 

Vegetation Density Code Site Code 
0 1 2 3 

S301   2     
S303   1     
S304   3(3)     
S306   1(1)     
S307     1(1)   
S309   2(2)     
S311   2(2)     
S316 2(2)       
S320   3(3)     
S321     2(2)   
S323       1(1) 
S324   5(5)     
S325     1(1)   

Total Number 2 19 4 1 
Mean Number per Site 2 2.4 1.3 1 
Median Number per Site 2 2 1 1 
  
 
Table B27.  Number of coho salmon observed at entrapment sites with given vegetation 
densities near the Ives Island of the Columbia River in 2003.  Numbers in ( ) represent 
mortalities (key precedes Table B22). 

Vegetation Density Code Site Code 
0 1 2 3 

E301-2 55       
E301-3 4(1)       
E301-4 3       
E301-6 6       
E301-7 10       
E303-2 10       
E303-3 7       
E304     8(1)   
E307       1 
E308   282     
E308-2   3     
E308-3   21     
E308-4   49     
E308-5   20     
E308-6   9     
E308-7   5     
E308-8   27     
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E308-9   1     
E308-10   1     
E308-11   2     
E308-12   10     
E308-13   2     
E308-15   14     
E314   1     
E315-2   28(28)     
E315-3     1   
E315-4     1   
E315-5     1   
E315-9   3     
E316-2     1   
E316-5     5   
E316-6     3   
E316-7     20   
E316-8     3   
E316-9     593   
E316-10     69   
E317-1   6     
E317-2   3     
E318   8     
E319   17     
E320   113     
E320-2   18     
E321     1   
E322   1     
E336-2   3     
E342     15   
Total Number 95 647 721 1 
Mean Number per Site 13.6 25.9 55.5 1 
Median Number per Site 7 8 3 1 
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Table B28.  Number of coho salmon observed at stranding sites with given 
vegetation densities near the Ives Island of the Columbia River in 2003.  
Accompanying entrapment codes identify the stranding site as a dewatered 
entrapment.  Numbers in ( ) represent mortalities (key precedes Table B22). 
   

Vegetation Density Code Site Code 
0 1 2 3 

S301   4     
S302   1     
S303   2(2)     
S304   3(3)     
S305   3(3)     
S307     2(2)   
S308   1(1)     
S310   5(5)     
S311   5(5)     
S312   1(1)     
S313   3(3)     
S314   2(2)     
S315   1(1)     

Total Number 0 31 2 0 
Mean Number per Site 0 2.6 2 0 
Median Number per Site 0 2.5 2 0 
 
Table B29.  Chum mortalities and temperature measurements 
Sampling 

Date 
Entrapment 

Code Mortalities Air Temp. (F) River Temp. 
(F) 

Entrapment 
Temp. (F) 

2/26/2003 E301-6 1 missing 44 46 
 
Table B30.  Chinook mortalities and temperature measurements 
Sampling 

Date 
Entrapment 

Code Mortalities Air Temp. (F) River Temp. 
(F) 

Entrapment 
Temp. (F) 

2/03/2003 E304 1 50 46 48 
2/07/2003 E315-2 24 46 44 50 
2/13/2003 E301-3 5 48 45 45 
2/26/2003 E301-6 1 missing 44 46 

2/27/2003 E301-7 2 47 46 54 

3/02/2003 E317-4 4 43 46 42 
6/25/2003 E342 1 missing 60 69 
 
 


