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Figure 4. Mean (±SE) entrainment rates (see Table 6) of Dungeness Crab in 2002 and 2004 by age 

class, at Desdemona Shoals and the Mouth of the Columbia River (2004 Flavel Bar values 
shown for comparison). 
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Figure 5. Mean (±SE) entrainment rates of Dungeness Crab by age class in 2002 and 2004 at the 
Mouth of the Columbia River, Desdemona Shoals, and Flavel Bar (2002 Flavel Bar values 
based on weighted estimation). 
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R for Ages 2+ and 3+ vs Bottom Salinity
R=e^[-4.15095+(-5.79916 * salinity)];  Rsq=86%
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Figure 6. The relationship of entrainment rate (R as crab/cy) to bottom salinity (as proportion of 
salinity observations less than 16 psu) using 2002 and 2004 data. 
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Predicted Monthly R from 2+ and 3+ Crabs from AM169 data
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Figure 7. Predicted monthly entrainment rates (R) of age 2+ or age 3+ crab using bottom salinity data 

from CORIE Station AM169. 
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Predicted Monthly R for 2+ and 3 Crabs from RED26 data
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Figure 8. Predicted monthly entrainment rates (R) of age 2+ or age 3+ crab using bottom salinity data 

from CORIE Station RED26. 
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Total Crab Entrainment (All Age Classes)
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Figure 9. Predicted total daily entrainment (E) of crab (all age classes) by month at CORIE Stations 

AM169 and RED26 based on salinity model regressions and assuming a dredging volume of 
60,000 cy. 
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Figure 10. Projected daily (assuming 60,000 cy dredged/day) crab adult equivalent loss at ages 2+ and 

3+ and loss to fishery, by month, based on bottom salinity data from CORIE Station AM169. 
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Figure 11. Projected daily (assuming 60,000 cy dredged/day) crab adult equivalent loss at ages 2+ and 

3+ and loss to fishery based on bottom salinity data by month from CORIE Station RED26.   
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7.0  TABLES 
 
Table 1. Projected precision (CV) for Flavel Bar entrainment rates in 2002, based on sampling effort at 

the mouth of the Columbia River in 2004. 
 

Number of Loads ( )n  at 
the Mouth of the 
Columbia River 

�( )02CV FB 100%×  

10 27.4% 

20 20.1% 

30 17.0% 

40 15.2% 

50 14.0% 

60 13.1% 

70 12.5% 

80 12.0% 
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Table 2. Crab Entrainment Sampling Effort by Location during 2002 and 2004.   
 

Location River Mile Dates (2002) 

Total 
Dredged 
Volume 

(cy) 

Total 
Loads 

Dredged 

Total 
Loads 

Sampled 

Total 
Basket 

Samples 
Miller Sands +21 to 24 1-10 OCT  443,563 75 36 140 

Upper Sands +14 to 17 23 SEPT  54,036 9 9 27 

Desdemona - 1 +4 to +6 11-16 JUN  186,737 33 17 169 

Desdemona - 2 +4 to +6 17 SEPT  30,012 6 4 12 

2002 MCR - 1 -2 to +2 9 to 21 JUL  563,024 101 47 142 

2002 MCR - 2 +1 to +2 23 to 31 JUL  498,841 85 40 120 

2002 MCR - 3 +1 to +2 24 AUG to 16 SEP  1,208,404 212 85 255 

2002 MCR - 4 -1 to +1 18 to 22 SEP  255,395 46 22 66 

2002 MCR - 5 -2 to 0 8 to 9 OCT  34,360 7 3 9 

2002 MCR - 6 +1 to +2 9 to 13 OCT  203,095 38 17 51 

Total MCR 2002 -2 to +2 9 JUL to 13 OCT  2,763,119 489 214 643 

2002 Total +21 to -2 11 JUN to 13 OCT 3,477,467 612 280 991 

  Dates (2004)     

Flavel Bar +10 to 13 17-20 AUG  167,729 30 30 88 

Desdemona +4 to +6 20-24 AUG  100,239 18 18 54 

2004 MCR - 1 -2 to +2 21-23 AUG  84,966 15 15 45 

2004 MCR - 2 -2 to +2 7-9 SEP  79,790 15 15 45 

2004 MCR - 3 -2 to +2 14-16 SEP  70,397 13 13 38 

Total MCR 2004 -2 to +2 21 AUG - 16 SEP  235,153 43 43 128 

2004 Total -2 to +10 17 AUG to 16 SEP 503,121 91 91 270 

Note:  Highlighted Rows Represent Data Used in Estimating 2002 Entrainment Rates for Flavel Bar. 
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Table 3.  Summary of Bottom Salinity and Total Number of Dungeness Crab (by Age Class), Crangon 
Shrimp, and Razor Clams Collected in Samples at Each Field Location in 2004. 

 

Location Loads Salinity (psu) Dungeness Crab Razor 
Clams 

Crangon 
Shrimp 

 (n) Avg Min Max YOY Age 1+ Age 2+ Age 3+   

Flavel Bar 30 20.0 8.1 28.5 0 2 2 3 0 32 

Desdemona Shoals 18 26.1 14.3 31.3 4 0 1 2 0 8 

MCR 1 15 30.7 23.9 33.3 23 1 8 9 1 351 

MCR 2 15 32.4 30.6 33.3 20 1 13 6 46 593 

MCR 3 13 27.7 21.5 30.6 35 2 6 3 2 255 

           

MCR Total 43    78 4 27 18 49 1199 

           

All Areas 91    82 6 30 23 50 1239 

 
 

Table 4.  2004 Entrainment Rates (R) (crab/cy) by Crab Age Class. 
 
 Age Class 
Year - Location Age 0+ Age 1+ Age 2+ Age 3+ All 
2004 Flavel Bar 0.0000 0.0031 0.0035 0.0046 0.0112 
2004 Desdemona 0.0139 0.0000 0.0035 0.0065 0.0239 
2004 MCR - 1 0.0535 0.0023 0.0147 0.0179 0.0883 
2004 MCR - 2 0.0445 0.0022 0.0341 0.0126 0.0934 
2004 MCR - 3 0.0760 0.0042 0.0137 0.0067 0.1007 
2004 MCR All 0.0572 0.0028 0.0210 0.0128 0.0937 
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Table 5.  2002 Entrainment Rates (R) (crab/cy) by Crab Age Class (From Pearson et al. 2002; 2003). 
 
 Age Class 
Year - Location Age 0+ Age 1+ Age 2+ Age 3+ All 

2002 Miller Sands 0.0000 0.0000 0.0000 0.0000 0.0000 

2002 Upper Sands 0.0100 0.0100 0.0000 0.0000 0.0210 

2002 Desdemona - 1 0.0050 0.1930 0.0240 0.0010 0.2240 

2002 Desdemona - 2 0.0000 0.0220 0.0650 0.0330 0.1190 

2002 MCR - 1 0.0022 0.0117 0.0408 0.0109 0.0656 

2002 MCR - 2 0.0024 0.0263 0.0194 0.0009 0.0490 

2002 MCR - 3 0.0031 0.0132 0.0313 0.0134 0.0609 

2002 MCR - 4 0.0028 0.0091 0.0274 0.0137 0.0530 

2002 MCR - 5 0.0741 0.0000 0.0649 0.0399 0.1789 

2002 MCR - 6 0.0000 0.0075 0.0462 0.0080 0.0617 

2002 MCR All 0.0033 0.0144 0.0322 0.0104 0.0603 
 
 

Table 6.  Entrainment-Rate Data Used for Estimation of Flavel Bar 2002 Entrainment Rates 
 
 Age Class 
Year - Location Age 0+ Age 1+ Age 2+ Age 3+ All 
2002 Flavel Bar ND(a) ND ND ND ND 

2002 Desdemona - 2 0.0000 0.0220 0.0650 0.0330 0.1190 

2002 MCR - 3 0.0031 0.0132 0.0313 0.0134 0.0609 

      
2004 Flavel Bar 0.0000 0.0031 0.0035 0.0046 0.0112 
2004 Desdemona 0.0139 0.0000 0.0035 0.0065 0.0239 
2004 MCR All 0.0572 0.0028 0.0210 0.0128 0.0937 

(a)  ND = No Data. 
 
 

Table 7.  Site-Specific Ratio Estimator Table of 2002 Flavel Bar Entrainment Rates. 
 
 (R)  S.E. 

 Age 0+ Age 1+ Age 2+ Age 3+      
MCR data 
Estimate 0.0000 0.0146 0.0052 0.0048 

 
0.0000 0.0182 0.0057 0.0051 

Desdemona data 
Estimate 0.0000 0.0000 0.0650 0.0234 

 
0.0000 0.0000 0.1014 0.0300 

          
Arithmetic 
Average 0.0000 0.0073 0.0351 0.0141 

 
0.0000 0.0103 0.0423 0.0131 

Weighted Average 0.0000 0.0037 0.0054 0.0053  0.0000 0.0000 0.0017 0.0016 
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Table 8.  Projected Dredge Volumes for Future Construction Dredging (to 40 ft and from 40 ft to 43 ft) 
Associated with the Columbia River Channel Improvement Project (Pearson et al. 2002). 

 
Dredging to 40 ft Dredging from 40 ft to 43 ft 

River Mile Location Volume (cy) River Mile Location Volume (cy) 
4 Lower Desdem. 94,688 4 Lower Desdem. 222,412 
5  196,724 5  353,916 
6 Upper Desdem 66,193 6 Upper Desdem 0 
7  1,039 7  0 
8  52,398 8  8,742 
9  62,851 9  8,742 

10 Flavel Bar 329,296 10 Flavel Bar 49,732 
11  535,074 11  298,900 
12  239,608 12  121,292 
13  65,743 13  72,425 
14 Upper Sands 171,432 14 Upper Sands 54,585 
15  271,842 15  51,945 
16  306,717 16  47,557 
17  108,631 17  0 
18 Tongue Point 174,113 18 Tongue Point 14,775 
19  162,864 19  6,976 
20  127,219 20  13,283 

Total  2,966,432 Total  1,325,282 
 
 
Table 9.  Summary of Projected Dredged Materials Volumes (cy) by Location for Future Construction 

Scenarios in River (from Pearson et al. 2002). 
 

Location River Miles To 40 ft From 40 ft to 
43 ft Combined 

Desdemona Shoals +4 to +9 473,893 593,812 1,067,705 

Flavel Bar +10 to +13 1,169,721 542,349 1,712,070 

Upper Sands +14 to +17 858,622 154,087 1,012,709 

Tongue Pt +18 to +20 464,196 35,034 499,230 
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Table 10. Crab Adult Equivalent Loss (Ages 2+ and 3+) and Loss to Male Fishery Projected for 
Construction Dredging to 40 ft. 

 
   AEL 95% CI Loss to 

Fishery 
95% CI 

Location Age Class Sex Total  Total  

Desdemona 2+ M 29909 11871 9422 3739 
  F 29909 11871   
Flavel Bar! 2+ M 3682 3755 1160 1183 
  F 3682 3755     
Upper Sands 2+ M 77 148 24 46 
  F 77 148   
Tongue Pt!! 2+ M 17 34 6 11 
  F 17 34   

sum  M&F 67370 31616 10612 4979 
       
Desdemona 3+ M 13459 5342 9422 3739 
  F 13459 5342   
Flavel Bar! 3+ M 1657 1690 1160 1183 
  F 1657 1690     
Upper Sands 3+ M 34 66 24 46 
  F 34 66   
Tongue Pt!! 3+ M 8 15 6 11 
  F 8 15   

sum  M&F 30316 14226 10612 4979 
! based on Weighted Average of ratio estimator 
!! based on Upper Sands crab-entrainment rates 
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Table 11.  Crab Adult Equivalent Loss (Ages 2+ and 3+) and Loss to Male Fishery Projected for 
Construction Dredging from 40 ft to 43 ft. 

 
   AEL 95% CI Loss to 

Fishery 
95% CI 

Location Age Class Sex Total  Total  

Desdemona 2+ M 23869 9474 7519 2984 
  F 23869 9474   
Flavel Bar! 2+ M 7942 8098 2502 2551 
  F 7942 8098     
Upper Sands 2+ M 427 822 134 259 
  F 427 822   
Tongue Pt!! 2+ M 231 444 73 140 
  F 231 444   

sum  M&F 64938 37676 10228 5934 
       
Desdemona 3+ M 10741 4263 7519 2984 
  F 10741 4263   
Flavel Bar! 3+ M 3574 3644 2502 2551 
  F 3574 3644     
Upper Sands 3+ M 192 370 134 259 
  F 192 370   
Tongue Pt!! 3+ M 104 200 73 140 
  F 104 200   

sum  M&F 29222 16954 10228 5934 
! based on Weighted Average of ratio estimator 
!! based on Upper Sands crab-entrainment rates 
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Table 12. Summary of Adult Equivalent Loss at Ages 2+ and 3+, and Losses to Fishery for 
Construction Dredging with 95% Confidence Limits. 

Project 
Location AEL at Age 2+ AEL at Age 3+ Loss to Fishery 

 Lower 95% 
CL 

Upper 95% 
CL 

Lower 95% 
CL 

Upper 95% 
CL 

Lower 95% 
CL 

Upper 95% 
CL 

Dredging to 40 
ft       

Desdemona 36,076 83,560 16,234 37,602 5,683 13,161 
Flavel 0 14,874 0 6,694 0 2,343 
Upper Sands 0 450 0 200 0 70 
Tongue Point 0 102 0 46 0 17 

       
Total  36,076 98,968 16,234 44,542 5,683 15,591 

       
Dredging from 

40 ft to 43 ft       

Desdemona 28,790 66,686 12,956 30,008 4,535 10,503 
Flavel 0 32,080 0 14,436 0 5,053 
Upper Sands 0 2,498 0 1,124 0 393 
Tongue Point 0 1,350 0 608 0 213 

       
Total  28,790 102,614 12,956 46,176 4,535 16,162 

       
Combined 
Scenarios 64,866 201,600 29,190 90,718 10,218 31,753 

 
 
Table 13.  Results of Regressions Involving Entrainment Rate (R, as Crabs/cy) and Bottom Salinity 

(Proportion of Observations Below or Above a Given Salinity Value (psu). 

Independent 
Variable Dependent variable N Significant p-value 

R-
squared Comments 

R All age classes Proportion > 32 psu 7 No 0.36959 0.163  
R All age classes Proportion > 28 psu 7 Yes 0.03180 0.635  

R All age classes Proportion < 16 psu 7 Yes 0.01143 0.752 
without June 2002 

Desdemona 

R All age classes Proportion < 16 psu 8 Yes 0.02426 0.599 
with June 2002 

Desdemona 
R Age 0+ Proportion < 16 psu 7 No 0.44961 0.118  
R age 1+ Proportion < 16 psu 7 No 0.41847 0.134  
R Age 2+ Proportion < 16 psu 7 Yes 0.00368 0.840  
R Age 3+ Proportion < 16 psu 7 Yes 0.00108 0.901  
R Ages 2+ and 3+ Proportion < 16 psu 14 Yes 0.0000014 0.866  
 
 
Table 14.  Monthly Availability of Bottom Salinity Data from CORIE Station AM169 during 2001-

2003 (Shading Indicates Data Available). 

2001             
2002             
2003             
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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Table 15.  Monthly Availability of Bottom Salinity Data from CORIE Station RED26 during 2001-2003 

(Shading Indicates Data Available). 

2001             
2002             
2003             
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
 
 

Table 16.  Monthly Predictions of Crab-Entrainment Rates (crab/cy) by Age Class at AM169.   
 

Month 

Salinity: 
Proportion 

<16 psu Age 0+ Age 1+ Age 2+ Age 3+ 
Jan 0.423 0.0049 0.0381 0.0003 0.0003 
Feb 0.482 0.0049 0.0381 0.0002 0.0002 
Mar 0.490 0.0049 0.0381 0.0002 0.0002 
Apr 0.474 0.0049 0.0381 0.0003 0.0003 
May 0.507 0.0049 0.0381 0.0002 0.0002 
Jun 0.561 0.0049 0.0381 0.0001 0.0001 
Jul 0.262 0.0049 0.0381 0.0011 0.0011 
Aug 0.310 0.0049 0.0381 0.0009 0.0009 
Sep 0.309 0.0049 0.0381 0.0012 0.0012 
Oct 0.302 0.0049 0.0381 0.0010 0.0010 
Nov 0.310 0.0049 0.0381 0.0010 0.0010 
Dec 0.467 0.0049 0.0381 0.0004 0.0004 

Note:  Age 2+ and age 3+ rates derived from salinity regression equation R = exp(-4.15095 + (-5.79916 * salinity)); 
ages 0+ and 1+ rates based on mean values from all upriver sampling dates. 
 
 

Table 17.  Monthly Predictions of Crab-Entrainment Rates (crab/cy) by Age Class at RED26.   

Month 

Salinity: 
Proportion 

<16 psu Age 0+ Age 1+ Age 2+ Age 3+ 
Jan 0.687 0.0049 0.0381 0.0014 0.0014 
Feb 0.742 0.0049 0.0381 0.0010 0.0010 
Mar 0.758 0.0049 0.0381 0.0009 0.0009 
Apr 0.705 0.0049 0.0381 0.0010 0.0010 
May 0.741 0.0049 0.0381 0.0008 0.0008 
Jun 0.807 0.0049 0.0381 0.0006 0.0006 
Jul 0.457 0.0049 0.0381 0.0034 0.0034 
Aug 0.497 0.0049 0.0381 0.0026 0.0026 
Sep 0.445 0.0049 0.0381 0.0026 0.0026 
Oct 0.477 0.0049 0.0381 0.0027 0.0027 
Nov 0.476 0.0049 0.0381 0.0026 0.0026 
Dec 0.641 0.0049 0.0381 0.0010 0.0010 

Note:  Age 2+ and age 3+ rates derived from salinity regression equation R = exp(-4.15095 + (-5.79916 * salinity)); 
ages 0+ and 1+ rates based on mean values from all upriver sampling dates. 



 

 

Table 18.  Projected Daily Entrainment, AEL 2+, AEL 3+, and LF by Age Class and Month at AM169, Using Dredge Impact Model. 
 
 E AEL 2+ AEL 3+ LF 
Month 0+ 1+ 2+ 3+ Total 0+ 1+ 2+ 3+ Total 0+ 1+ 2+ 3+ Total 0+ 1+ 2+ 3+ Total 
Jan 295.00 2287.00 17.55 17.55 2617.10 0.49 219.55 9.80 33.54 263.37 0.22 98.80 4.41 15.09 118.52 0.08 34.58 1.54 5.28 41.48 
Feb 295.00 2287.00 12.80 12.80 2607.59 0.49 219.55 7.14 24.45 251.63 0.22 98.80 3.21 11.00 113.23 0.08 34.58 1.12 3.85 39.63 
Mar 295.00 2287.00 11.65 11.65 2605.30 0.49 219.55 6.50 22.26 248.81 0.22 98.80 2.93 10.02 111.96 0.08 34.58 1.02 3.51 39.19 
Apr 295.00 2287.00 15.85 15.85 2613.70 0.49 219.55 8.85 30.29 259.17 0.22 98.80 3.98 13.63 116.63 0.08 34.58 1.39 4.77 40.82 
May 295.00 2287.00 12.87 12.87 2607.75 0.49 219.55 7.19 24.60 251.83 0.22 98.80 3.23 11.07 113.32 0.08 34.58 1.13 3.87 39.66 
Jun 295.00 2287.00 8.78 8.78 2599.56 0.49 219.55 4.90 16.77 241.71 0.22 98.80 2.20 7.55 108.77 0.08 34.58 0.77 2.64 38.07 
Jul 295.00 2287.00 66.73 66.73 2715.47 0.49 219.55 37.25 127.52 384.81 0.22 98.80 16.76 57.38 173.16 0.08 34.58 5.87 20.08 60.61 
Aug 295.00 2287.00 52.84 52.84 2687.68 0.49 219.55 29.49 100.97 350.50 0.22 98.80 13.27 45.44 157.72 0.08 34.58 4.64 15.90 55.20 
Sep 295.00 2287.00 71.35 71.35 2724.71 0.49 219.55 39.83 136.35 396.22 0.22 98.80 17.92 61.36 178.30 0.08 34.58 6.27 21.48 62.40 
Oct 295.00 2287.00 59.30 59.30 2700.60 0.49 219.55 33.10 113.31 366.45 0.22 98.80 14.89 50.99 164.90 0.08 34.58 5.21 17.85 57.72 
Nov 295.00 2287.00 59.84 59.84 2701.67 0.49 219.55 33.40 114.34 367.78 0.22 98.80 15.03 51.45 165.50 0.08 34.58 5.26 18.01 57.92 
Dec 295.00 2287.00 23.00 23.00 2628.01 0.49 219.55 12.84 43.96 276.83 0.22 98.80 5.78 19.78 124.58 0.08 34.58 2.02 6.92 43.60 

 
 

Table 19.  Projected Daily Entrainment, AEL 2+, AEL 3+, and LF by Age Class and Month at RED26, Using Dredge Impact Model. 
 
 E AEL 2+ AEL 3+ LF 
Month 0+ 1+ 2+ 3+ Total 0+ 1+ 2+ 3+ Total 0+ 1+ 2+ 3+ Total 0+ 1+ 2+ 3+ Total 
Jan 295.00 2287.00 81.20 81.20 2744.40 0.49 219.55 45.32 155.17 420.53 0.22 98.80 20.39 69.83 189.24 0.08 34.58 7.14 24.44 66.23 
Feb 295.00 2287.00 57.72 57.72 2697.45 0.49 219.55 32.22 110.31 362.56 0.22 98.80 14.50 49.64 163.15 0.08 34.58 5.07 17.37 57.10 
Mar 295.00 2287.00 55.08 55.08 2692.16 0.49 219.55 30.74 105.26 356.04 0.22 98.80 13.83 47.37 160.22 0.08 34.58 4.84 16.58 56.08 
Apr 295.00 2287.00 60.41 60.41 2702.83 0.49 219.55 33.72 115.44 369.20 0.22 98.80 15.17 51.95 166.14 0.08 34.58 5.31 18.18 58.15 
May 295.00 2287.00 50.05 50.05 2682.09 0.49 219.55 27.93 95.63 343.61 0.22 98.80 12.57 43.04 154.62 0.08 34.58 4.40 15.06 54.12 
Jun 295.00 2287.00 36.55 36.55 2655.09 0.49 219.55 20.40 69.84 310.28 0.22 98.80 9.18 31.43 139.62 0.08 34.58 3.21 11.00 48.87 
Jul 295.00 2287.00 206.68 206.68 2995.37 0.49 219.55 115.36 394.95 730.35 0.22 98.80 51.91 177.73 328.66 0.08 34.58 18.17 62.21 115.03 
Aug 295.00 2287.00 156.17 156.17 2894.34 0.49 219.55 87.17 298.43 605.64 0.22 98.80 39.22 134.29 272.54 0.08 34.58 13.73 47.00 95.39 
Sep 295.00 2287.00 157.52 157.52 2897.04 0.49 219.55 87.92 301.01 608.97 0.22 98.80 39.56 135.46 274.04 0.08 34.58 13.85 47.41 95.91 
Oct 295.00 2287.00 164.01 164.01 2910.03 0.49 219.55 91.54 313.42 625.00 0.22 98.80 41.19 141.04 281.25 0.08 34.58 14.42 49.36 98.44 
Nov 295.00 2287.00 156.99 156.99 2895.99 0.49 219.55 87.62 300.00 607.66 0.22 98.80 39.43 135.00 273.45 0.08 34.58 13.80 47.25 95.71 
Dec 295.00 2287.00 62.88 62.88 2707.76 0.49 219.55 35.10 120.16 375.30 0.22 98.80 15.79 54.07 168.88 0.08 34.58 5.53 18.93 59.11 
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