
Hatchery and Supplementation Program 

2019 Annual Report 
 April, 2020

Lewis River Hydroelectric Projects 
FERC Project Nos. 935, 2071, 2111, 2213 



i 

TABLE OF CONTENTS 

1.0 INTRODUCTION ..................................................................................... 1

2.0 WINTER STEELHEAD ............................................................................... 1

2.1  Broodstock Collection .............................................................................................. 2 

2.1.1 Merwin Trap .................................................................................................................... 2 
2.1.2 Tangle Netting ................................................................................................................ 3 

2.2  Late Winter Steelhead Broodstock Collection Timing ............................................... 5 

2.3  Genetic Analysis of Potential Broodstock ................................................................. 5 

2.4  Spawning ................................................................................................................. 6 

2.5  Spawn Timing .......................................................................................................... 7 

2.5.1 Tagging ........................................................................................................................... 8 
2.5.2 Release ............................................................................................................................ 8 

3.0 MONITORING AND EVALUATION ........................................................... 8

OBJECTIVE 1:   Evaluate the Effects of Hatchery Plants on Reintroduced Species. .................................................8 

OBJECTIVE 2:  Determine Proportion of Hatchery Origin Winter Steelhead, Spring Chinook and Coho Salmon on 
Spawning Grounds Downstream of Merwin Dam ............................................................................8 

OBJECTIVE 3:  Develop and Monitor Hatchery Protocols to Reduce Hatchery Effects on Juvenile Native and 
Listed Species Present Downstream of Merwin Dam .................................................................... 10 

OBJECTIVE 4:  Estimate Juvenile Release Behavior or Residualism after Release from Hatcheries Downstream of 
Merwin Dam. ................................................................................................................................. 17 

OBJECTIVE 5:  Produce an Annual Hatchery Operations Report ........................................................................... 17 

OBJECTIVE 6:  Monitor Rearing Conditions to be Consistent with Producing a High Quality Smolt that Emigrates 
Quickly with a Relatively High Rate of Survival .............................................................................. 17 

OBJECTIVE 7:  Monitor Hatchery Upgrades .......................................................................................................... 17 

OBJECTIVE 8:  Adopt Release Strategies that are Consistent with Hatchery Scientific Review Group and HGMP 
Recommendations ......................................................................................................................... 18 

OBJECTIVE 9:  Monitor Production Levels and Program Release Numbers .......................................................... 18 

OBJECTIVE 10:  Submit and Gain HGMP Approval for all Hatchery Programs on the Lewis River .......................... 18 

OBJECTIVE 11:  Determine the Genetic Effective Population Size of Late Winter Steelhead Downstream of 
Merwin Dam. ................................................................................................................................. 18 

OBJECTIVE 12:  Develop Sampling Protocols for Supplementation Adults Returning to Traps or In‐River Capture18 

OBJECTIVE 13:  Effects of Upstream Adult and Juvenile Supplementation on Listed Species ................................ 18 

OBJECTIVE 14:  Estimate Adult and Juvenile Abundance of Winter Steelhead, Coho and Spring Chinook 
Downstream of Merwin Dam......................................................................................................... 19 

OBJECTIVE 15:  Determine Spatial and Temporal Distribution of Spawning Late Winter Steelhead, Coho and 
Spring Chinook Downstream of Merwin Dam ............................................................................... 23 

OBJECTIVE 16:  Evaluate Fall Chinook and Chum Populations Downstream of Merwin Dam ................................ 27 

OBJECTIVE 17:  Annual Review of Existing and Proposed Harvest Regulations (if any) to Determine if 
Recommendations are Warranted to Protect Supplementation Program Objectives .................. 27 



 
 

ii 

3.4  Upstream Transport of Steelhead, Coho and Spring Chinook ................................. 27 

4.0  RECOMMENDATIONS FOR ONGOING MANAGEMENT .......................... 28 

5.0  REFERENCES ......................................................................................... 28 

 

APPENDICES AND ATTACHMENTS 

Appendix A:    Late winter unmarked steelhead captured at the Merwin Trap and Tangle 
Netting and transported to Merwin Hatchery ‐ 2019 

Appendix B:    Genetic Assignment Results from Late Winter Steelhead Captures at Merwin 
Trap (MFCF) and Tangle Netting (TN) – 2019 

Appendix C:     NOR Late Winter Steelhead Spawning Crosses ‐2019 

Appendix D:     North Fork Lewis River Downstream of Merwin Dam – 2018 Coho Salmon 
Spawning Survey Results (October 2018 through January 2019) 

Appendix E:     Abundance estimate of 2018 Coho escapement from carcass surveys in the 
lower Lewis River mainstem 

Appendix F:  North Fork Lewis River Downstream of Merwin Dam – 2019 Coho Salmon 
Spawning Survey Results (October 2019 through January 2020). 

Appendix G:  Abundance estimate of 2019 Coho escapement from carcass surveys in the 
lower Lewis River mainstem 

Appendix H:  WDFW Lewis River Hatchery Complex Operations Program Report – 2019 

 

TABLES 

TABLE 2‐1.    ORIGIN AND GENDER OF LATE WINTER STEELHEAD CAPTURED AT THE MERWIN TRAP FROM 2015 TO 
2019 (PERIOD BETWEEN JANUARY AND JULY) ......................................................................................... 3 

TABLE 2‐2.    ORIGIN, GENDER AND DISPOSITION OF LATE WINTER STEELHEAD CAPTURED THROUGH TANGLE 
NETTING BETWEEN 2015 AND 2019 (EXCLUDES SAME YEAR RECAPTURES) ........................................... 4 

TABLE 2‐3.    COMPOSITION OF LATE WINTER STEELHEAD CAPTURED BY MONTH DURING TANGLE NETTING: 2015‐
2019 ......................................................................................................................................................... 4 

TABLE 2‐4.    ACTUAL COLLECTION OF LATE WINTER STEELHEAD BROODSTOCK BY YEAR AND PERIOD: 2015 ‐ 2019 5 

TABLE 2‐5.    NUMBER OF SPAWNING CROSSES AND PARENTS INCLUDING THE DURATION OF EACH SPAWNING 
PERIODS FOR BROOD YEARS BETWEEN 2009 AND 2019 ......................................................................... 7 

TABLE 3‐1.    SUMMARY OF PHOS, ABUNDANCE AND RESIDUALISM RATES AS ESTIMATED BY THE PHOS MODEL 
FOR MAINSTEM NORTH FORK LEWIS RIVER LATE WINTER STEELHEAD .................................................. 9 

TABLE 3‐2.    ORIGIN OF SAMPLED COHO CARCASSES FROM POOLED MAINSTEM AND TRIBUTARY SURVEYS 
DOWNSTREAM OF MERWIN DAM WITH IMPLIED PHOS: 2016 ‐ 2019 .................................................... 9 

TABLE 3‐3.    FALL CHINOOK PHOS ESTIMATES FOR TULE AND BRIGHT STOCKS DOWNSTREAM OF MERWIN DAM 
ON THE NORTH FORK LEWIS RIVER MAINSTEM: 2013 ‐ 2017 ............................................................... 10 

TABLE 3‐4.    AVERAGE LENGTH, WEIGHT, SMOLT INDEXES AND K FACTORS MEASURED DURING VOLITIONAL AND 
FORCED RELEASE GROUPS FOR SPRING CHINOOK, COHO SALMON AND LATE WINTER STEELHEAD AT 
THE LEWIS RIVER HATCHERIES ............................................................................................................... 11 



 
 

iii 

TABLE 3‐5.    SCHEDULE OF COMPLETION OF HATCHERY UPGRADES ........................................................................ 17 

TABLE 3‐6.    HATCHERY TARGET AND ACTUAL PRODUCTION BY SPECIES ................................................................. 18 

TABLE 3‐7.    LATE WINTER STEELHEAD ABUNDANCE DOWNSTREAM OF MERWIN DAM 2008 THROUGH 2019 
BASED ON REDD COUNTS ...................................................................................................................... 20 

TABLE 3‐8.    ADULT COHO ESCAPEMENT ESTIMATES FOR THE MAINSTEM NORTH FORK LEWIS RIVER 
DOWNSTREAM OF MERWIN DAM: 2013 TO PRESENT .......................................................................... 20 

TABLE 3‐9.    TRIBUTARY COHO SALMON ESTIMATES OF SPAWNERS, CARCASSES AND REDDS BY TRIBUTARY AND 
YEAR ....................................................................................................................................................... 21 

TABLE 3‐10.   SPECIES, SIZE AND ORIGIN COMPOSITION OF FISH CAPTURED BY SCREW TRAPPING IN THE 
MAINSTEM NORTH FORK LEWIS RIVER DOWNSTREAM OF MERWIN DAM: 2016 TO PRESENT. ........... 22 

TABLE 3‐11.  ABUNDANCE ESTIMATES OF OUTMIGRATING JUVENILE SALMONIDS BY ORIGIN AND SPECIES: 2016 TO 
PRESENT ................................................................................................................................................. 23 

TABLE 3‐12.  REDD DISTRIBUTION FOR LATE WINTER STEELHEAD BY REACH AND REDDS PER MILE FOR THE YEARS 
2015 AND 2019 ...................................................................................................................................... 24 

TABLE 3‐13.  COHO DISTRIBUTION DATA DOWNSTREAM OF MERWIN DAM: 2016 TO PRESENT .............................. 25 

TABLE 3‐14.  TRIBUTARY COHO SALMON SURVEY SUMMARY: 2016 TO PRESENT ..................................................... 26 

TABLE 3‐15.  FALL CHINOOK ESCAPEMENT ESTIMATES IN THE NORTH FORK LEWIS RIVER (EXCLUDING 
TRIBUTARIES) DOWNSTREAM OF MEWIN DAM .................................................................................... 27 

TABLE 3‐16.  NUMBER OF FISH TRANSPORTED UPSTREAM OF SWIFT DAM: 2012 TO PRESENT ................................ 28 

 

FIGURES 

FIGURE 2‐1. TOTAL CAPTURES OF NOR AND BWT LATE WINTER STEELHEAD BY METHOD BETWEEN 2009 AND 2019 
(EXCLUDES SAME YEAR RECAPTURES AND ADIPOSE FIN CLIPPED STEELHEAD) ...................................... 2 

FIGURE 2‐2. CUMULATIVE PROPORTION OF NOR AND BWT LATE WINTER STEELHEAD TRAPPED AT THE MERWIN 
COLLECTION FACILITY FOR THE YEARS BETWEEN 2015 AND 2018 (AVERAGE) AND 2019 ...................... 3 

FIGURE 2‐3. COMPOSITION OF LATE WINTER STEELHEAD CAPTURED BY YEAR THROUGH TANGLE NETTING FROM 
2015 TO 2019 ........................................................................................................................................... 4 

FIGURE 2‐4. PROPORTION OF PRIMARY GENETIC ASSIGNMENT OF NOR LATE WINTER STEELHEAD COLLECTED 
FROM THE MERWIN TRAP AND TANGLE NETTING: 2009 ‐ 2019 ............................................................. 6 

FIGURE 2‐5. PROPORTION OF SPAWNERS BY PERIOD: 2015 ‐ 2019 ............................................................................ 7 

FIGURE 3‐1. WEIGHT FREQUENCY OF YEARLING EARLY COHO SALMON PRIOR TO RELEASE (VOLITIONAL) AND AT 
THE END OF THE RELEASE PERIOD (FORCED): BROOD YEARS 2017 AND 2018 ..................................... 12 

FIGURE 3‐2. WEIGHT FREQUENCY OF YEARLING LATE COHO SALMON PRIOR TO RELEASE (VOLITIONAL) AND AT 
THE END OF THE RELEASE PERIOD (FORCED): BROOD YEARS 2017 AND 2018 ..................................... 13 

FIGURE 3‐3. WEIGHT FREQUENCY OF YEARLING NOR LATE WINTER STEELHEAD PRIOR TO RELEASE (VOLITIONAL) 
AND AT THE END OF THE RELEASE PERIOD (FORCED): BROOD YEARS 2017 AND 2018 ........................ 14 

FIGURE 3‐4. WEIGHT FREQUENCY OF YEARLING SPRING CHINOOK PRIOR TO RELEASE (VOLITIONAL) AND AT THE 
END OF THE RELEASE PERIOD (FORCED): BROOD YEAR 2017, FALL AND WINTER RELEASES ................ 15 

FIGURE 3‐5. WEIGHT FREQUENCY OF YEARLING SPRING CHINOOK PRIOR TO RELEASE (VOLITIONAL) AND AT THE 
END OF THE RELEASE PERIOD (FORCED): BROOD YEAR 2018, FALL RELEASE ........................................ 16 

FIGURE 3‐6. MILTING RATE AMONG YEARLING HATCHERY REARED SPRING CHINOOK SMOLTS AT LEWIS RIVER 
HATCHERY SAMPLED IN SEPTEMBER, OCTOBER AND DECEMBER OF 2019 .......................................... 16 

FIGURE 3‐7. DISTRIBUTION OF LATE WINTER STEELHEAD REDDS DOWNSTREAM OF MERWIN DAM – 2019 .......... 24 

 



  Hatchery and Supplementation Program 
Annual Report 2018 

 

1 
 

1.0 INTRODUCTION 
The purpose of this report is to document results from monitoring and evaluation activities 
associated with implementing the Hatchery and Supplementation (H&S) program in 2019.  
Program activities and studies are developed through a collaborative effort of the Hatchery and 
Supplementation (H&S) Subgroup which are documented within Annual Operating Plans (AOP).  
The AOP is reviewed and approved by the Aquatic Coordination Committee (ACC) each year.  
The following key activities were completed as part of the 2019 AOP:  

1. Transport of adult late winter steelhead, spring Chinook and coho salmon returns 
upstream of Swift Dam 

2. Production of late winter steelhead smolts using NOR broodstock 

3. Abundance and distribution estimates of spawning adults downstream of Merwin Dam. 

4. Hatchery production of trout and salmon as stipulated in Section 8 of the Lewis River 
Settlement Agreement. 

5. Ongoing spring Chinook rearing and release evaluations 

6. Morphology sampling of pre and post volitional released hatchery juveniles 

 

This report is required by Section 8.2.4 of the Lewis River Settlement Agreement that states: 

“On an annual basis, the Licensees shall provide to the ACC for review and comment a report 
compiling all information gathered pursuant to implementation of the Hatchery and 
Supplementation Plan.  The report also will include recommendations for ongoing management 
of the Hatchery and Supplementation Program.  The ACC shall have 60 days to comment on the 
annual report.  Within 60 days of the close of the comment period, the Licensees shall finalize 
the report after consideration of all comments.  The Licensees shall also provide the 
comprehensive periodic review undertaken pursuant to Section 8.2.6 below to the ACC.  The 
Licensees shall provide final annual reports and the comprehensive periodic review to the 
Services during the development of any required ESA permit or authorization for hatchery 
operations, including NOAA Fisheries’ HGMP process.  The report may be included as part of 
the detailed annual reports of the ACC activities required by Section 14.2.6.” 

2.0 WINTER STEELHEAD 
In 2019, the North Fork Lewis River supported three stocks of winter running steelhead: 

1. A hatchery produced winter steelhead stock derived from Chambers Creek (Puget 
Sound) with a peak spawn time of December  

2. An endemic natural stock with a peak spawn time in April 

3. A fully integrated stock derived from the endemic population but spawned and reared 
in the hatchery (program or supplementation stock).   
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The primary goal of the fully integrated program is to produce adult returns that are 
genetically identical to the late winter steelhead endemic stocks to be used for upstream 
supplementation.   

This program has three main components: 

 Collection of broodstock at traps and through in‐river netting. 

 Spawning and rearing at Merwin Hatchery. 

 Transport of returning adults upstream of Swift Dam.   

 

Figure 2-1.  Total captures of NOR and BWT late winter steelhead by method between 2009 and 2019 
(excludes same year recaptures and adipose fin clipped steelhead) 

2.1 Broodstock Collection 
In 2019, broodstock collection relied on NOR returns from both the Merwin trap (n=37) and to 
a lesser extent in‐river captures (n=8).  All NOR steelhead collected at the Merwin Trap were 
either transferred to Merwin Hatchery as potential broodstock, or released back to river 
downstream of Merwin Dam.  Sampling data for all steelhead transported to Merwin hatchery 
are provided in Appendix A.    

2.1.1 Merwin Trap 
During the period from January 1 through June 21, 2019, a total of 79 NOR and 988 blank wire 
tagged1 (BWT) winter steelhead were captured at the Merwin trap (Table 2‐1).  The ratio of 
females to males was 0.78 and 1.57 for BWT and NOR, respectively.  BWT steelhead 
represented 91 percent of all captures between BWT and NOR steelhead.   
 

                                                       
1 Adult steelhead that possess a blank wire tag in their snout are referred to as BWT steelhead and represent 
returns from the hatchery supplementation program using native broodstock. 

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Tangle Netting 39 42 65 166 103 162 114 63 21 72 57

Merwin Trap 27 48 25 193 752 1,075 1,323 878 713 1328 1067
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Table 2-1.  Origin and gender of late winter steelhead captured at the Merwin Trap from 2015 to 2019 
(period between January and July) 
  2015 2016 2017 2018 2019 
NOR             

 Males 40 26 47 46 51 

 Females 28 23 43 72 28 
HOR (BWT)           

  Males 743 403 340 680 511 
 Females 504 414 283 530 477 

 
Figure 2‐2 illustrates the cumulative proportion of both NOR and BWT steelhead captured 
during the first six months of 2019.  As in previous years, BWT returns to the Merwin Trap begin 
earlier than NOR winter steelhead and achieve 50 percent collection earlier.   
 

 
Figure 2-2.  Cumulative proportion of NOR and BWT late winter steelhead trapped at the Merwin 
Collection Facility for the years between 2015 and 2018 (average) and 2019 

2.1.2 Tangle Netting 
Tangle netting efforts began on February 22, 2018 and continued through May 2, 2018. A total 
of 21 netting days were conducted during this period.   Table 2‐2 provides a summary of late 
winter steelhead captured for the 21 days of effort.   
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Table 2-2.  Origin, gender and disposition of late winter steelhead captured through tangle netting 
between 2015 and 2019 (excludes same year recaptures) 

 

In total, 57 steelhead were handled through the tangle netting program.  Of these, 28 (49 %) 
were of natural origin and 29 (51 %) were of hatchery origin (Table 2‐3).   

 

Figure 2-3.  Composition of late winter steelhead captured by year through tangle netting from 2015 to 
2019 

Table 2-3.  Composition of late winter steelhead captured by month during tangle netting: 2015-2019 

 

 

Disposition Male Female Male Female Male Female Male Female Male Female

NOR shipped to Merwin 10 6 16 6 7 1 3 0 6 2 57
Upstream Transport 20 4 0 0 0 0 0 0 0 0 24

NOR Released on site  28 5 14 4 1 1 20 18 13 7 111
BWT Released on site  23 7 15 7 6 5 16 14 20 8 121
AD Clip (Euthanized) 0 4 0 1 0 0 0 3 1 0 9

AD Clip (released) 1 3 0 1 0 0 0 0 0 0 5
Mortality 0 0 1 0 0 0 1 0 0 0 2

TOTAL 82 29 46 19 14 7 40 35 40 17 329
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February 19 7 0 0 0 0 8 7 1 1 28 15
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May 0 0 6 5 0 0 3 4 0 0 9 9

TOTALS 62 49 24 41 11 10 33 42 29 28 159 170
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2.2 Late Winter Steelhead Broodstock Collection Timing 
The ability to conform to predetermined collection curves presents several difficulties in the field.  
Several variables continue to make broodstock collection challenging including: 

 Genetic assignment results may reduce available broodstock being held. 

 Spawning maturity in females is highly variable creating uncertainty when deciding to 
retain or release male broodstock.  

 The number of kelts increases substantially from mid to late April.   

 Individual fecundity is highly variable 

The collection curve proposed in the annual operating plan is intended to help ensure that 
broodstock are collected across their spawning period.  Up to 50 steelhead are spawned over 
the course of the run with a collection goal total of 75.   

In 2018, a total of 93 NOR steelhead were transferred to Merwin Hatchery as potential 
broodstock.  Of these, 46 were spawned and 2 died while being held.  All live steelhead 
(including those spawned) were returned to river.   Figure 2‐4 shows the actual collection 
timing of broodstock held at Merwin compared to the proposed timing curve.  The actual 
timing and number of spawners is also provided.  

Table 2-4.  Actual collection of late winter steelhead broodstock by year and period: 2015 - 2019 

 
 

2.3 Genetic Analysis of Potential Broodstock 
The H&S Subgroup agreed to use a primary genetic assignment target level of 50 percent or 
greater to the NF Lewis River or Cedar Creek stock(s) to be considered acceptable broodstock.  
After April 1, steelhead may be considered broodstock if assignment probability is 50 percent or 
greater to Cascade Strata.  The only exception to these requirements is any steelhead indicating 
assignment probabilities to any hatchery stock of more than 5 percent will never be 
incorporated in the broodstock.   

Period Collection Curve 
(2015 - 2017)

Collection Curve 
(2018 - present) 2015 2016 2017 2018 2019

Jan ‐ Feb 1 3 5 3 4 3 0
Mar 1 – 15 4 6 4 2 4 7 1
Mar 16 – 31 7 9 13 2 7 8 2
Apr 1 – 15 13 21 12 15 16 20 25
Apr 16 – 30 18 24 10 8 15 14 13
May 1 – 15 5 9 5 6 2 7 4
May 16 – 31 2 3 1 1 0 1 0

Total 50 75 50 37 48 60 45
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A total of 67 samples were taken from steelhead captured in the Merwin Trap or through in‐
river capture.  All sampled steelhead were assigned a probability percentage as to likelihood of 
assignment to known baselines established for Lower Columbia River tributaries including the 
North Fork Lewis River.  Probabilities are classified as primary, secondary and tertiary to 
account for introgression from other basins and provide a more complete picture of diversity 
present within the samples.  Figure 2‐4 illustrates the results of primary assignment for all 
samples between 2009 and 2019.  Appendix B provides the tabular genetic assignments results 
for each individual unclipped steelhead captured at the Merwin trap and tangle netting in 2019.   

 

Figure 2-4.  Proportion of primary genetic assignment of NOR late winter steelhead collected from the 
Merwin trap and tangle netting: 2009 - 2019 

   

2.4 Spawning  
A total of 32 NOR winter steelhead (16 females, 16 males) were spawned at Merwin Hatchery.  
However, two spawning crosses were removed representing two females and two males due to 
unacceptable genetic assignment.  With removal of these two crosses, there were 14 spawning 
crosses representing 28 potential families (Table 2‐5, Appendix C).   
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Table 2-5.  Number of spawning crosses and parents including the duration of each spawning periods 
for brood years between 2009 and 2019 

 

* two crosses were removed after genetic assignment results were obtained, reducing the number of actual 
crosses from 16 to 14 (see Appendix C) 

2.5 Spawn Timing 
Steelhead broodstock are captured over a collection period that extends from February through 
the first week of May.  The purpose of this protocol is to collect steelhead over the course of 
the run so that a representative sample of the total run is spawned to limit any bias in spawn 
time or other variables.  Collection timing, however, is not a reliable predictor of spawn timing 
as most fish, regardless of collection time, typically spawn between April 1 and mid‐May (Figure 
2‐5).    

 

Figure 2-5.  Proportion of spawners by period: 2015 - 2019  

2009 10 12 19 Mar 2 - May 21 81
2010 22 22 24 Mar 17 - May 14 56
2011 9 16 19 Mar 30 - May 18 49
2012 12 19 23 Apr 10 - May 29 49
2013 8 8 11 Apr 10 - May 6 26
2014 26 26 25 Apr 7 - May 16 39
2015 25 25 25 Mar 26 - May 22 58
2016 10 17 20 Apr 8 - May 27 49
2017 10 25 24 Apr 7 - May 19 43
2018 22 22 23 54 Mar 23 - May 25 63
2019* 14 14 14 28 Apr 16 - May 17 32
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2.5.1 Tagging 
All subyearling steelhead were tagged with a blank wire snout tag in December 2019.  

2.5.2 Release 
All broodyear 2019 late winter steelhead juveniles will be volitionally released starting on May 
1, 2020 at the Merwin boat launch.  Volitional release will continue until June 1, 2020.  Any fish 
remaining in the ponds on June 1, 2020 will be forced out and released downstream at the 
Pekins Ferry Boat Launch (RM 3.1) near the confluence with the East Fork Lewis River.  
Projected average release size is 8 to 10 fish per pound.  A total release number of between 
40,000 and 45,000 smolts is projected.   This is below the target release of 50,000 and was due 
to both insufficient broodstock and higher mortality rates from ichthyopthirius infections.   

 

3.0 MONITORING AND EVALUATION 
OBJECTIVE 1:  Evaluate the Effects of Hatchery Plants on Reintroduced Species. 
This objective was moved to the Aquatic Monitoring and Evaluation Plan in 2016 and serves 
only as a placeholder until the H&S Plan is updated in 2020.  

OBJECTIVE 2: Determine Proportion of Hatchery Origin Winter Steelhead, Spring 
Chinook and Coho Salmon on Spawning Grounds Downstream of 
Merwin Dam 

Late Winter Steelhead 

Program returns (BWT) are treated as hatchery origin (HOR) steelhead despite their genotype 
assignment to NOR stocks.  This is due to the hatchery influence during mating and captive 
rearing conditions during their first year of life.  As these program fish return as adults, there is 
opportunity for these (HOR) fish to spawn with NOR stocks.  It has been shown that 
reproductive success (fitness) declines rapidly (up to 37 percent per captive reared generation) 
within a natural population (Araki et. al.  2007).  The evolutionary mechanisms for declines in 
fitness are not fully understood, but hatchery protected rearing environments and controlled 
mating selection are suspected contributors to this decline (Araki et. al.  2007).  Inbreeding 
between program fish is also a concern because of loss in genetic diversity or effective 
population size further limits fitness and adaptability of the natural spawning population.    
 
Appendix G provides the formal analysis and estimates of pHOS for late winter steelhead 
downstream of Merwin Dam during the 2018 and 2019 sampling seasons.  In 2017, there were 
insufficient numbers of steelhead captured for tagging due to turbidity.  PHOS estimates 
including estimated abundance and resdiualism as provided by the pHOS model are 
summarized in Table 3‐1. 
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Table 3-1.  Summary of pHOS, abundance and residualism rates as estimated by the pHOS model for 
mainstem North Fork Lewis River late winter steelhead 

SPECIES 
pHOS % Fish Counts Residualism 

 (CI at 90% CL) NOR HOR Males Females 
2016 51 (41, 60) 175 (135, 218) 182 (142, 224) 7.7% (4.2-12) 0.7% (0-2.2) 
2017 Insufficient Data 
2018 Not yet available, will be provided in the 2020 Annual Report 
2019 Insufficient Data    

            

 

Coho Salmon 

Carcass surveys are used to estimate abundance of Coho salmon spawning in the mainstem 
North Fork Lewis River.  The origin (hatchery or natural) of each carcass sampled is determined 
by the presence or absence of an adipose fin.  To assign proper origin, all fish are wanded for 
the presence of a CWT as a portion of the return includes double index tagging (DIT).  That is, 
adipose fin intact, but presence of CWT.   An estimate of pHOS is generated by pooling the total 
number of carcasses sampled (including surveyed tributaries) over the sampling period (Table 
3‐2).  Appendix G provides data and analysis related to coho sampling in the mainstem and 
tributaries of the North Fork Lewis River during the 2018 and 2019 seasons.   

Table 3-2.  Origin of sampled Coho carcasses from pooled mainstem and tributary surveys downstream 
of Merwin Dam with implied pHOS: 2016 - 2019 

Year 
Carcasses Sampled    

HOR  NOR  TOTAL  pHOS % 

2016  42  39  81  52% 

2017  17  20  37  46% 

2018  51  11  62  82% 

2019  24  26  50  48 % 
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Chinook Salmon:  Awaiting results from WDFW for 2018 and 2019 Fall Chinook and Chum 
salmon surveys.  It is expected that these results will be available for the 2020 Annual Report. 

Table 3-3.  Fall Chinook pHOS estimates for tule and bright stocks downstream of Merwin Dam on the 
North Fork Lewis River mainstem: 2013 - 2017 

 Stock  pHOS 

2013     0.077 

  Tule  0.33 

  Bright  0.02 

2014     0.105 

  Tule  0.51 

  Bright  0.01 

2015     0.180 

  Tule  0.63 

  Bright  0.01 

2016     0.229 

  Tule  0.60 

  Bright  0.01 

2017     0.176 

  Tule  0.58 

  Bright  0.02 
 

Source: Bentley 2018 

 

OBJECTIVE 3: Develop and Monitor Hatchery Protocols to Reduce Hatchery Effects on 
Juvenile Native and Listed Species Present Downstream of Merwin Dam 

Since 2018, morpohological sampling of smolts has been implemented prior to (volitional) and 
at the end of (forced) volitional release periods.  Sampling serves two primary purposes.  First, a 
comparison can be made between hatchery smolts that volitionally leave the facility and those 
that do not.  Secondly, handling smolts allows assessments to be made regarding maturity (e.g., 
smolt index).  This is especially relevant for spring Chinook which are known to achieve sexual 
maturity as yearlings (mini jacks).   
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Table 3-4.  Average length, weight, smolt indexes and K factors measured during volitional and forced 
release groups for spring Chinook, Coho salmon and late winter steelhead at the Lewis River hatcheries 

 

 

 

 

 

 

 

 

 

Sample Date Brood Year
Release 

Group
N

Length 

(avg, mm)

Weight 

(avg, g)

Smolt 

Index (avg)

K factor 

(avg)

Sep  2018 Vol i tional 100 144.2 37.7 2.58 1.23

Oct  2018 Forced 112 141.2 34.9 2.48 1.19

Jan  2019 Vol i tional 223 161.0 49.2 1.14

Feb  2019 Forced 180 144.0 35.8 1.15

Sep  2019 Vol i tional 101 147.7 37.9 1.17

Oct  2019 Forced 126 135.9 39.4 1.58

Dec  2019 NA 293 145.8 38.6 1.21

Apr  2018 Vol i tional 100 200.6 84.7 2.84 1.04

May  2008 Forced 150 195.3 73.5 2.77 0.96

Apr  2018 Vol i tional 150 165.0 48.5 2.27 1.03

May  2018 Forced 201 147.0 31.1 2.16 0.91

Apr  2019 Vol i tional 100 161.4 52.0 1.87 1.15

May  2019 Forced 101 176.6 55.2 1.49 0.95

Mar  2018 Vol i tional 802 130.6 25.6 1.73 1.14

Apr  2018 Forced 310 131.4 27.2 1.77 1.18

Mar  2019 Vol i tional 347 134.2 28.7 1.97 1.17

Apr  2019 Forced 262 135.4 28.9 2.00 1.15

Spring Chinook

Winter Steelhead (Chambers Stock)

Coho Salmon

Winter Steelhead (NOR)

2017

2017

2017

2017

2018

2018

2018
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Figure 3-1.  Weight frequency of yearling early Coho salmon prior to release (volitional) and at the end 
of the release period (forced): Brood years 2017 and 2018 
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Figure 3-2.  Weight frequency of yearling late Coho salmon prior to release (volitional) and at the end 
of the release period (forced): Brood years 2017 and 2018 
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Figure 3-3.  Weight frequency of yearling NOR late winter steelhead prior to release (volitional) and at 
the end of the release period (forced): Brood years 2017 and 2018 
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Figure 3-4.  Weight frequency of yearling spring Chinook prior to release (volitional) and at the end of 
the release period (forced): Brood Year 2017, fall and winter releases 
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Figure 3-5.  Weight frequency of yearling spring Chinook prior to release (volitional) and at the end of 
the release period (forced): Brood Year 2018, fall release 

 

 

Figure 3-6.  Milting rate among yearling hatchery reared spring Chinook smolts at Lewis River Hatchery 
sampled in September, October and December of 2019 
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OBJECTIVE 4: Estimate Juvenile Release Behavior or Residualism after Release from 
Hatcheries Downstream of Merwin Dam.  

Methods to quantify residualism after release from the Lewis River hatcheries were not 
implemented in 2019.  However, the monitoring and use of several hatchery surrogate metrics 
has been included in the most recent draft of the H&S Plan.  This methodology is consistent 
with methods described by NOAA (NOAA 2017).  

OBJECTIVE 5: Produce an Annual Hatchery Operations Report 
The annual hatchery operations report is provided in Appendix H 

OBJECTIVE 6: Monitor Rearing Conditions to be Consistent with Producing a High 
Quality Smolt that Emigrates Quickly with a Relatively High Rate of 
Survival  

Objectives 6 and 8 were combined into one rearing and release evaluation involving several 
treatment groups of spring Chinook.  The methodology for this evaluation is described in the 
2019 AOP.  Results from this evaluation will come primarily from observed CWT adult return 
rates (SAR’s) to the traps and recovered from the spawning grounds.   No data are available yet 
for analysis in this report.  As returns begin to be documented, this report will provide updates 
on an annual basis and provide a project end report providing analysis of all return years when 
available.   

OBJECTIVE 7: Monitor Hatchery Upgrades 
All projects as prescribed by the Agreement have been completed (Table 3‐5)  

 Table 3-5.  Schedule of completion of hatchery upgrades 
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OBJECTIVE 8: Adopt Release Strategies that are Consistent with Hatchery Scientific 
Review Group and HGMP Recommendations  

Please refer to description provided under Objective 6. 

OBJECTIVE 9: Monitor Production Levels and Program Release Numbers 

Table 3-6.  Hatchery target and actual production by species 

Species (or stock) 
Brood 
Year 

Target 
Production 
(smolts) 

Actual 
Production  
(smolts) 

Difference 

Spring Chinook 2018 1,350,000 1,278,855 (71,145) 
Coho Salmon 2018 2,000,000 2,193,389 193,389  
Winter Steelhead 2018 100,000 108,128 8,128  
Late Winter 
Steelhead 2018 50,000 44,861 (5,139) 

Summer Steelhead1 2018 175,000 239,786 64,786  
Rainbow Trout 2018 50,000 43,800 (6,200) 
Kokanee 2018 93,000 94,000* 1,000  
1 includes Echo Bay net pen production 3,908,819 
* projected

OBJECTIVE 10: Submit and Gain HGMP Approval for all Hatchery Programs on the 
Lewis River 

As of the date of this draft report, no HGMP’s have been submitted to NOAA for approval.  

OBJECTIVE 11: Determine the Genetic Effective Population Size of Late Winter 
Steelhead Downstream of Merwin Dam.   

Analysis of tissue samples submitted to NOAA has not yet been provided 

OBJECTIVE 12: Develop Sampling Protocols for Supplementation Adults Returning to 
Traps or In-River Capture 

See Appendix A and B of the 2019 AOP 

OBJECTIVE 13: Effects of Upstream Adult and Juvenile Supplementation on Listed 
Species 

This objective was moved to the Aquatic Monitoring and Evaluation Plan and is provided here 
only as a placeholder to ensure that numbering of each objective remains consistent with the 
Hatchery and Supplementation Plan.   



  Hatchery and Supplementation Program 
Annual Report 2018 

 

19 
 

OBJECTIVE 14: Estimate Adult and Juvenile Abundance of Winter Steelhead, Coho and 
Spring Chinook Downstream of Merwin Dam  

Spawning Abundance 

Spawning abundance estimates the number of spawners in the North Fork Lewis River 
mainstem downstream of Merwin Dam.  This is not a total abundance estimate as spawner 
abundance estimates do not account for fish trapped and either used as broodstock or 
transported upstream as part of the supplementation program.  Therefore, North Fork Lewis 
River total abundance should include trap counts regardless of their disposition after trapping.   

Late Winter Steelhead 

Spawning abundance estimates rely on new redd census data, assumed sex ratio and females 
per redd to calculate total spawner abundance (Freymond and Foley 1986).   Females per redd 
follow WDFW generalized guidelines of 0.81 females per redd and sex ratio is assumed equal 
(Table 3‐7).   Beginning in 2013, we also calculate the spawner abundance using the observed 
sex ratio of late winter steelhead entering the Merwin Trap.   This may be a more accurate 
estimate of female to male ratio in the river because of the large numbers captured in the trap 
and is unbiased in terms of capture efficiency for males or females.   

Redd surveys are used to estimate spawning abundance and distribution of winter steelhead in 
the mainstem North Fork Lewis River.  Surveys are conducted weekly throughout the spawning 
period, which starts on March 1 and extends into mid‐June.   

A total of 292 individual redds were counted during redd surveys in 2019.  Surveys began on 
March 3, when the first redd was observed, and continued through June 16.   The survey reach 
begins at Merwin Dam and continues downstream to the downstream end of Eagle Island.  
 

Using Merwin Trap capture data between January 1 and June 21, 2019, a total of 1,067 late 
winter steelhead were trapped (excludes adipose clipped fish).  This total includes 988 BWT and 
79 NOR late winter steelhead.  Of this total, 53 percent were male and 48 percent were female. 

Therefore, based on observed trapping proportions, we provide a corrected sex ratio of 1.1 
males for every female. 
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Table 3-7.  Late winter steelhead abundance downstream of Merwin Dam 2008 through 2019 based on 
redd counts 

Year Number of 
Redds observed 

Spawner 
Estimate

Observed sex ratio 
(females : males) 

Spawner Estimate 
(corrected) 

2008  131  212  

2009  176  286       

2010  248  402       

2011  108  174       

2012  343  556       

2013  456  739  1 : 1.4  898 

2014  364  590  1 : 0.8  531 

2015  384  622  1 : 1.5  765 

2016  NA  NA  1 : 1.0  NA 

2017  NA  NA  1 : 1.2  NA 

2018  317  514  1 : 0.9  493 

2019  292  473  1 : 1.1  500  

*   No data are available in 2016 and 2017 due to severe spring turbidity.  

 

Adult Spring Chinook:  

 No escapement data exist for spring Chinook 

Adult Coho Salmon 

Table 3-8.  Adult Coho escapement estimates for the mainstem North Fork Lewis River downstream of 
Merwin Dam: 2013 to present 

 

 

 

 

Year
Number	of	
marked	
carcasses

Number	(%)	
of	recaptured	
carcasses

Est.	Gross	
Population	Size

Bootstrap	SE
95%‐

Confidence	
Interval

CV
Total Weeks 

Surveyable

Average Daily 

Flow during 

Surveys (cfs)

Average Daily 

Flow Oct 16‐

Jan‐31

2013 328 41 (13%) 1,970 297 1,523 to 2,679 0.2 15 4,700 4,804

2014 431 18 (4%) 7,805 2,106 5,172 to 13,186 0.3 15 7,765 7,876

2015 12 2 (17%) NA NA NA NA 12 5,632 8,429

2016 65 20 (31%) 124 17 103 to 169 0.1 16 4,587 6,721

2017 24 8 (33.3%) 44 5 33 to 55 0.1 16 8,817 8,587

2018 61 22 (36%) 137 20 98 to 176 0.2 16 5,009 5,044

2019 40 7 (17.5%) 83 10 64 to 102 0.1 15 6,181 6,761
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Table 3-9.  Tributary Coho salmon estimates of spawners, carcasses and redds by tributary and year 

 

 
 
 
 
 

Year
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2013 13 44 20 18
2014 14 14 68 33
2015 10 10 5 2
2016 15 49 10 33
2017 16 20 11 30
2018 15 10 3 12
2019 12 29 10 13

2015 10 2 0 0
2018 16 8 3 17

2015 10 0 1 0
2018 13 0 0 0

2014 4 0 0 0
2015 11 0 1 0
2018 13 1 0 1

2018 13 0 0 0

2013 14 0 0 0
2014 2 0 0 0
2016 9 0 0 0
2017 16 0 0 0
2018 13 0 0 0
2019 11 0 0 0

2013 15 52 2 8
2014 13 13 14 8
2015 10 0 0 0
2016* 16 10 2 10
2019* 14 5 2 16

Houghton Creek

*Note:  A single one mile-long reach was surveyed in each year 

for each stream, except two reaches (one mile-long each) were 

surveyed in Houghton Creek in 2016 and 2018. 

Hayes Creek 2

Hayes Creek 1

Bratton Creek

Johnson Creek

Hayes Tributary 2

Ross Creek
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Juvenile Abundance 

No screw trapping occurred downstream of Merwin Dam in 2019.  This decision was made to 
allow the ATS to develop a more robust sampling design based on existing JMX protocols used 
by WDFW at other trapping sites.  The methodology has not yet been fully developed; however, 
the ATS agreed to include an additional trapping site approximately 1.2 km downstream of the 
existing site in 2020.  The 2020 annual report will compare the efficiency of both sites.  As the 
traps are operating in 2020 the ATS will use the initial data of both trapping sites to assist in the 
development of a 2021 trapping plan. 

Table 3-10.  Species, size and origin composition of fish captured by screw trapping in the mainstem 
North Fork Lewis River downstream of Merwin Dam: 2016 to present. 

 

 

 

 

 

HOR > 

60mm

HOR < 

60mm

NOR < 60 

mm

NOR > 60 

mm

Marked 

and 

Released > 

60 mm Recaptured

Seasonal 

Efficiency

2016
Coho 25,539 62 1,447 2,867 57 0.020

Chinook 47 53,356 48 47 1 0.021

Steelhead 9 1 555 514 15 0.029

Cutthroat 0 0 66 48 0 NA

2017
Coho 7,774 6,253 594 2,708 27 0.010

Chinook 0 12,221 182 181 2 0.011

Steelhead 181 67 80 254 6 0.024

Cutthroat 0 0 45 37 0 NA

2018
Coho 21,753 0 60 117 3,434 49 0.014

Chinook 3 0 13,380 6 4 0 0.000

Steelhead 8 0 1 26 33 0 0.000

Cutthroat 0 0 0 12 10 0 0.000

2019 No Data ‐ Screwtrap was not installed (by ATS decision)
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Table 3-11.  Abundance estimates of outmigrating juvenile salmonids by origin and species: 2016 to 
present 

 

 

OBJECTIVE 15: Determine Spatial and Temporal Distribution of Spawning Late Winter 
Steelhead, Coho and Spring Chinook Downstream of Merwin Dam 

 

 

 

 

 

Trap 
Efficiency

Bootstrap 
Estimate CI 95% ±

Discrete 
Interval 

Estimate
CI 95% ±

2016
NOR Coho 0.020 74,065 19,306 76,504 21,614
HOR Coho 0.020 1,309,518 330,310 1,548,800 644,012

NOR Chinook 0.021 2,327 854
NOR Steelhead 0.029 20,404 11,942
NOR Cutthroat 0.021 3,180 1,089

2017
NOR Coho 0.01 62,075 25,557 45,967 15,698
HOR Coho 0.01 811,302 314,270 808,227 384,804

NOR Chinook (all) 0.013 14,763 5,018 12,169 6,978
NOR Chinook (CWT) 0.013 2,114 1,494 1,822 1,306

NOR Rainbow 0.012 6,866 2,652 6,257 3,499
HOR Rainbow 0.012 14,941 5,093 14,540 8,649

Cutthroat 0.012 3,420 1,541 3,368 1,837
2018

NOR Coho > 60 MM 0.011 10,893 4,072 9,648 4,645
NOR Coho < 60 MM 0.011 5,595 2,348 3,905 3,728

HOR Coho 0.012 1,852,836 546,035 1,352,784 450,647
NOR Chinook < 60MM 0.011 1,250,158 402,614 1,036,912 864,701

NOR Rainbow > 60 mm 0.012 2,212 1,084 2,001 1,761
NOR Cutthroat > 60mm 0.017 714 466 625 854

2019 Trap not operated by ATS decision
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Late Winter Steelhead 

 

 

Figure 3-7.  Distribution of late winter steelhead redds downstream of Merwin Dam – 2019 

 

Table 3-12.  Redd distribution for late winter steelhead by reach and redds per mile for the years 2015 
and 2019 
  YEAR 

   2015 2019 
 Length 

(miles) Redds Redds/mile Redds Redds/mile Proportion 
of total 

Reach 1 0.55 24 44 28 51 10% 
Reach 2 0.83 130 157 79 95 27% 
Reach 3 0.95 77 81 22 23 8% 
Reach 4 1.00 37 37 34 34 12% 
Reach 5 7.71 116 15 129 17 44% 
Totals 11.04 384 35 292 26 
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Chinook Salmon 

No data available for 2019 

Coho Salmon 

Table 3-13.  Coho distribution data downstream of Merwin Dam: 2016 to present 

 

 

 

Coho Salmon (tributary surveys): 
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2016

Reach 1 0.57 16 16 1 24 3 3 1 1 8 7 4 0% 8 1

Reach 2 0.68 16 16 6 44 0 2 0 1 3 3 1 50% 3 0

Reach 3 0.97 16 16 0 108 2 1 0 2 5 4 1 0% 5 1

Reach 4 1.32 16 16 56 78 2 3 6 3 14 14 7 33% 14 0

Reach 5 7.3 16 15 0 25 12 9 13 5 39 37 7 14% 39 0

Total 10.84 16 16 63 279 19 18 20 12 69 65 20 18% 69 2

2017

Reach 1 0.57 16 16 6 4 0 0 0 0 0 0 0 NA 0 0

Reach 2 0.68 16 16 4 14 0 1 1 0 2 2 1 0% 2 0

Reach 3 0.97 16 16 0 8 0 0 0 0 0 0 0 NA 0 0

Reach 4 1.32 16 16 20 25 1 3 1 3 8 8 3 0% 8 0

Reach 5 7.3 16 15 20 12 7 2 3 2 14 14 4 25% 14 0

Total 10.84 16 16 50 63 8 6 5 5 24 24 8 9% 24 0

2018

Reach 1 0.57 16 16 30 15 3 4 4 0 0 11 8 4 0% 8 0

Reach 2 0.68 16 16 50 20 0 3 3 1 0 7 7 2 33% 7 0

Reach 3 0.97 16 16 25 5 0 0 1 1 2 4 4 0 33% 4 0

Reach 4 1.32 16 16 100 30 1 4 4 1 2 12 11 3 50% 11 5

Reach 5 7.3 16 15 50 20 4 13 15 2 2 36 31 13 53% 32 3

Total 10.84 16 16 255 90 8 24 27 5 6 70 61 22 42% 62 8

2019

Reach 1 0.57 16 15 16 0 1 1 2 2 1 7 6 2 33% 6 0

Reach 2 0.68 16 15 23 0 0 0 1 2 0 3 3 0 0% 3 0

Reach 3 0.97 16 15 13 0 1 1 0 1 0 3 2 0 0% 2 0

Reach 4 1.32 16 15 25 0 0 2 1 4 1 8 8 0 0% 8 0

Reach 5 7.3 16 15 45 0 2 7 6 6 2 23 21 5 63% 21 0

Total 10.84 16 15 122 0 4 11 10 15 4 44 40 7 43% 40 0
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Table 3-14.  Tributary Coho salmon survey summary: 2016 to present 
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2016

Hayes Trib 2 0.5 16 9 0 0 0 0 0 0 0 0 NA 0 0

Lower Houghton 1 16 13 0 1 0 0 0 0 0 0 NA 0 0

Ross Creek 1 16 15 33 9 49 2 1 5 2 10 0% 10 1

Upper Houghton 1 16 16 10 7 10 2 0 0 0 2 NA 2 0

2017

Hayes Trib 1 1 16 16 2 0 0 0 0 0 0 0 NA 0 0

Hayes Trib 2 0.5 16 16 0 0 0 0 0 0 0 0 NA 0 0

Robinson Creek 1 16 16 15 0 16 0 0 1 1 2 0% 2 0

Ross Creek 1 16 16 30 0 20 0 3 5 3 11 0% 11 0

2018

Ross Creek 1 16 15 12 1 10 0 1 2 0 0 3 0% 3 0

Johnson Creek 0.95 16 16 17 2 8 1 1 0 0 1 3 0% 2 0

Hayes Creek 1 1 16 13 1 0 1 0 0 0 0 0 0 0% 0 0

Hayes Creek 2 1 16 13 0 0 0 0 0 0 0 0 0 NA 0 0

Hayes Trib. 2 1 16 13 0 0 0 0 0 0 0 0 0 NA 0 0

Bratton Creek 1 16 16 0 0 0 0 0 0 0 0 0 NA 0 0

2019

Ross Creek R1 1 15 12 13 2 29 2 0 2 2 4 10 0% 8 0

Houghton Creek R1 1 15 14 16 0 5 0 0 1 0 1 2 0% 2 0

Houghton Creek R2 1 15 11 0 0 0 0 0 0 0 0 0 NA 0 0

Hayes Creek  1 15 11 0 0 0 0 0 0 0 0 0 NA 0 0
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OBJECTIVE 16: Evaluate Fall Chinook and Chum Populations Downstream of Merwin 
Dam 

Note:  Awaiting results from WDFW for 2018 and 2019 Fall Chinook and Chum salmon surveys.  
It is expected that these results will be available for the 2020 Annual Report. 

Table 3-15.  Fall Chinook escapement estimates in the North Fork Lewis River (excluding tributaries) 
downstream of Mewin Dam 

Source: Bentley 2018 

OBJECTIVE 17: Annual Review of Existing and Proposed Harvest Regulations (if any) to 
Determine if Recommendations are Warranted to Protect 
Supplementation Program Objectives 

No recommendations were received by the ATS or ACC during 2019.   

3.4 Upstream Transport of Steelhead, Coho and Spring Chinook 
In 2019, a total of 1,013 blank wire tagged steelhead were transported upstream of Swift Dam 
(Table 3‐16).  All steelhead were transported from the Merwin Trap.  This year represents the 
seventh year of steelhead transportation activities.  The target goal of the H&S program is 500 
winter steelhead transported each year.  We have exceeded this target the last seven years.  

Stock pHOS Mean SD L.95% Median U.95% CV

2013 0.077 20,862 496 19,990 20,830 21,940 2%

Tule 0.33 3,511 462 2,642 3,495 4,533 13%

Bright 0.02 17,351 450 16,500 17,340 18,300 3%

2014 0.105 24,859 588 23,790 24,830 26,100 2%

Tule 0.51 4,055 409 3,326 4,027 4,902 10%

Bright 0.01 20,803 620 19,670 20,780 22,050 3%

2015 0.180 24,364 981 22,550 24,310 26,431 4%

Tule 0.63 5,449 381 4,759 5,440 6,265 7%

Bright 0.01 18,915 992 17,120 18,850 21,080 5%

2016 0.229 13,487 496 12,660 13,440 14,600 4%

Tule 0.60 4,127 482 3,329 4,073 5,225 12%

Bright 0.01 9,360 243 8,912 9,357 9,863 3%

2017 0.176 9,523 536 8,632 9,470 10,720 6%

Tule 0.58 2,255 450 1,560 2,203 3,258 20%

Bright 0.02 7,268 355 6,664 7,240 8,084 5%
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Spring Chinook remain below the target transport goal of 2000 adults.  Since the program 
began, there have not been sufficient numbers of Chinook to meet targets.  In 2019, only 109 
Chinook were passed upstream of which 85 were jacks. 
 
 
 
 
Table 3‐16.  Number of fish transported upstream of Swift Dam: 2012 to present 

 

4.0 RECOMMENDATIONS FOR ONGOING MANAGEMENT 
The annual operating plan (AOP) for the Hatchery and Supplementation program continues to 
be updated and used as an adaptive management tool to address both ongoing and new 
priorities as they relate to hatchery operations, supplementation activities and development of 
effective monitoring designs.   
 
In 2019, the ATS began to add substantial detail and focus to several objectives.  This work is 
still ongoing, but will also provide the foundation for consistent monitoring designs that will be 
helpful moving forward and have some application to other monitoring plans such as the 
Aquatic Monitoring and Evaluation Plan.   
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APPENDIX A – 
Late winter unmarked steelhead captured at the Merwin Trap 
and Tangle Netting and transported to Merwin Hatchery - 2019 



 

Appendix A ‐ 1 
 

 

Trap Date
Location of 

Capture
Gender

Fork Length 

(mm)
Floy Tag # Pit Tag # DNA VIAL # Scale Card ‐ pos Comments

1 3/5/2019 Merwin Trap F 62 Purple Gold 1 3DD003 047BCAF MFCF 19‐001 46441‐1 Live spawned 4/16 w/ FCF‐09 & TN‐46

2 3/25/2019 Merwin Trap F 78 Purple Gold 2 3DD.003 D47BCD2 MFCF19‐2 46441‐2 MORT 4/11

3 3/28/2019 Merwin Trap F 72 Purple Gold 3 3DD.003 BC95FC9 MFCF 19‐003 46441‐3 LIVE SPAWNED 4/16 w/ FCF‐07 & TN‐044

4 3/30/2019 Merwin Trap F 71 Purple Gold 4 3DD.003 BC95FBB MFCF‐19‐004 46441‐4 Live spawned 4/16 w/ FCF‐09 & TN‐46

5 4/4/2019 Hook & Line M 64 NONE 3DD.003 D2BE6B1 TN‐18‐044 NA LIVE SPAWNED 4/16 w/ FCF‐15 & FCF‐03

6 4/4/2019 Hook & Line M 73 NONE 3DD.003 D2BE6BD TN‐18‐046 NA Live spawned 4/16 w/ FCF‐01 & FCF‐04

7 4/4/2019 Hook & Line M 57 NONE 3DD.003 D2BE6CD TN‐18‐048 NA Live spawned 4/30 w/ FCF‐30 & FCF‐23 (returned to river 5/3)

8 4/9/2019 Tangle Net M 95 ORG/WHT 6 3DD.003 D2BE6B8 TN‐18‐050 NA NON‐VIABLE RETURNED TO RIVER (4/19)

9 4/8/2019 Merwin Trap M 72 ORG/WHT 1 3DD.003 D2BE722 MFCF‐19‐006 46441‐6 Live spawned 5/17 w/ TN‐56 & TN‐57…returned to river 5/17

10 4/8/2019 Merwin Trap M 55 ORG/WHT 2 3DD.003 D2BE72C MFCF‐19‐007 46441‐7 LIVE SPAWNED 4/16 w/ FCF‐15 & FCF‐03

11 4/8/2019 Merwin Trap M 51 ORG/WHT 3 3DD.003 D2BE712 MFCF‐19‐008 46441‐8 Returned to river 5/17 due to poor condition (Descaling)

12 4/9/2019 Merwin Trap M 69 ORG/WHT 4 3DD.003 D2BE6FD MFCF‐19‐009 46447‐1 Live spawned 4/16 w/ FCF‐01 & FCF‐04

13 4/9/2019 Merwin Trap M 67 ORG/WHT 5 3DD.003 D3BE6D1 MFCF‐19‐010 46447‐2 Live spawned 4/30 w/ FCF‐34 & FCF‐29 (returned to river 5/3)

14 4/11/2019 Hook & Line M PNK/ WHT 1 3DD.003 D2BE6C3 TN‐18‐052 NA Live spawned 4/30 w/ FCF‐30 & FCF‐23 (returned to river 5/3)

15 4/11/2019 Merwin Trap M 69 NONE 3DD.003 D27FBCD MFCF‐19‐011 NA RETURNED TO RIVER 5/22

16 4/11/2019 Merwin Trap M 61 NONE 3DD.003 D27C9E2 MFCF‐19‐012 46447‐3 LIVE SPAWNED 5/8 w/ FCF‐43 & FCF‐41 (Returned to river 5/9)

17 4/11/2019 Merwin Trap M 46 NONE 3DD.003 D2BE756 MFCF‐19‐013 46447‐4 RETURNED TO RIVER 5/22

18 4/11/2019 Merwin Trap F 78 NONE 3DD.003 D278CC4 MFCF‐19‐014 46447‐5 LIVE SPAWNED 4/30 w/ FCF‐31 & FCF‐33 (Returned to river 5/3)

19 4/11/2019 Merwin Trap F 83 NONE 3DD.003 D2BE753 MFCF‐19‐015 46447‐6 LIVE SPAWNED 4/16 w/ FCF‐07 & TN‐044

20 4/12/2019 Merwin Trap M 63 NONE 3DD.003 D2BE760 MFCF‐19‐016 46447‐7 Live spawned 4/30 w/ FCF‐34 & FCF‐29 (returned to river 5/3)

21 4/12/2019 Merwin Trap M 49 NONE 3DD.003 D279645 MFCF‐19‐017 46447‐8 RETURNED TO RIVER 5/22

22 4/12/2019 Merwin Trap M 41 NONE 3DD.003 D2BE786 MFCF‐19‐019 46448‐1 RETURNED TO RIVER 5/22

23 4/12/2019 Merwin Trap M 30 NONE 3DD.003 BE8D2EE MFCF‐19‐020 46448‐2 RETURNED TO RIVER 5/22

24 4/15/2019 Merwin Trap M 38 BLU/WHT 1 3DD.003 D279A24 MFCF‐19‐021 46448‐3 RETURNED TO RIVER 5/22

25 4/15/2019 Merwin Trap M 42 BLU/WHT 2 3DD.003 D227AF31 MFCF‐19‐022 46448‐4 RETURNED TO RIVER 5/22
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Trap Date
Location of 

Capture
Gender

Fork Length 

(mm)
Floy Tag # Pit Tag # DNA VIAL # Scale Card ‐ pos Comments

26 4/15/2019 Merwin Trap F 58 BLU/WHT 3 3DD.003 D2279F04 MFCF‐19‐023 46448‐5 Live spawned 4/30 w/ TN‐48 & TN‐52 (Returned to river 5/3)

27 4/15/2019 Merwin Trap M 43 BLU/WHT 4 3DD.003 D27D26A MFCF‐19‐024 46448‐6 RETURNED TO RIVER 5/22

28 4/16/2019 Merwin Trap F 59 BLU/WHT 6 3DD.003 D2789DD MFCF‐19‐027 46449‐1 LIVE SPAWNED 4/30 w/ FCF‐31 & FCF‐33 (Returned to river 5/3)

29 4/17/2019 Hook & Line F 71 PUR/GLD 7 3DD.003 D2BE6HD TN‐18‐057 NA Live spawned 5/17 w/ FCF‐6 & FCF‐42…returned to river 5/17

30 4/17/2019 Hook & Line F 74 PUR/GLD 6 & 8 3DD.003 D2BE679 TN‐18‐056 NA Live spawned 5/17 w/ FCF‐6 & FCF‐42…returned to river 5/17

31 4/18/2019 Merwin Trap F 57 PUR/GOLD 10 3DD.003 D279162 MFCF‐19‐029 46449‐3 Live spawned 4/30 w/ FCF‐10 & FCF‐16 (Returned to river 5/3)

32 4/19/2019 Merwin Trap F 66 PUR/GLD 11 3DD.003 D27C3F6 MFCF‐19‐030 46449‐4 Live spawned 4/30 w/ TN‐48 & TN‐52 (Returned to river 5/3)

33 4/21/2019 Merwin Trap M 86 PNK/WHT 3 3DD.003 D2BE632 MFCF‐19‐031 46449‐5 Live spawned 4/30 w/ FCF‐14 & FCF‐27 (Returned to river 5/3)

34 4/22/2019 Merwin Trap M 57 PNK/WHT 7 3DD.003 D2BE612 MFCF‐19‐033 46449‐7 Live spawned 4/30 w/ FCF‐14 & FCF‐27 (Returned to river 5/3)

35 4/23/2019 Merwin Trap F 77 BLU/PNK 109 3DD.003 D2BE657 MFCF‐19‐034 46449‐8 Live spawned 4/30 w/ FCF‐10 & FCF‐16 (Returned to river 5/3)

36 4/23/2019 Merwin Trap M 70 BLU/PNK 111 3DD.003 D2BE63C MFCF‐19‐036 62762‐1 Live spawned 5/9 w/ FCF‐46 & FCF‐40 (Returned to river 5/10)

37 4/24/2019 Hook & Line M 56 BLU/PNK 2112 3DD.003 D2BE69E TN‐18‐061 NA LIVE SPAWNED 5/8 w/ FCF‐43 & FCF‐41 (Returned to river 5/9)

38 4/25/2019 Merwin Trap M 78 BLU/WHT 7 3DD.003 D2BE60E MFCF‐19‐037 62762‐2 Spawned out…returned to river 5/17

39 4/29/2019 Merwin Trap M 73 BLU/WHT 8 3DD.003 D2796C3 MFCF‐19‐038 62762‐3 Live spawned 5/9 w/ FCF‐46 & FCF‐40 (Returned to river 5/10)

40 4/29/2019 Merwin Trap M 76 BLU/WHT 9 3DD.003 D27B2F4 MFCF‐19‐039 62762‐4 MORT 5/2

41 4/29/2019 Merwin Trap F 57 BLU/WHT 10 3DD.003 D2BE62C MFCF‐19‐040 62762‐5 Live spawned 5/9 w/ FCF‐46 & FCF‐40 (Returned to river 5/10)

42 5/6/2019 Merwin Trap M 89 WHT/ ORG 7 3DD.003 D27A20C MFCF‐19‐042 62762‐7 Live spawned 5/17 w/ TN‐56 & TN‐57…returned to river 5/17

43 5/6/2019 Merwin Trap F 74 WHT / ORG 8 3DD.003 D278ABA MFCF‐19‐043 62762‐8 LIVE SPAWNED 5/8 w/ TN‐61 & FCF‐12 (Returned to river 5/9)

44 5/7/2019 Merwin Trap M 62 WHT/ORG 9 3DD.003 D279172 MFCF‐19‐044 62769‐1 RETURNED TO RIVER 5/22

45 5/13/2019 Merwin Trap M 59 GRN/WHT 3 3DD.003 C01170 MFCF‐19‐048 62763‐5 Returned to river 5/17 due to poor condition (Descaling)



APPENDIX B –  
Genetic Assignment Results from Late Winter Steelhead 
Captures at Merwin Trap (MFCF) and Tangle Netting (TN) – 2019 
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Date Sampled Sample No. Primary p Secondary p Tertiary p
1 1/17/2019 1/17/19‐1 LR Merwin 0.90 LRCedar 0.05 Cowman 0.04
2 1/14/2019 MFCF17153  LR Merwin 0.93 GermCr 0.03 MillCr 0.01
3 3/5/2019 MFCF19001  LR Cedar 0.79 GermCr 0.07 ElochR 0.05
4 2/25/2019 TN18035 LR Merwin 0.88 LRCedar 0.06 KalamW 0.03
5 3/5/2019 TN18036 CoweemanR 0.80 LRMerwin 0.14 KalamW 0.04
6 3/13/2019 TN18038  LR Merwin 0.64 Cowman 0.07 Clack 0.07
7 3/13/2019 TN18039  LR Merwin 0.81 LRCedar 0.15 GermCr 0.02
8 3/13/2019 TN18040  LR Cedar 0.41 SandyR 0.30 GermCr 0.20
9 3/25/2019 MFCF19002  LR Cedar 0.46 LRMerwin 0.29 KalamW 0.18
10 4/11/2019 MFCF19011  LR Cedar 0.58 LRMerwin 0.39 SFTout 0.01
11 4/11/2019 MFCF19012  LR Merwin 0.54 ElochR 0.14 KalamW 0.13
12 4/11/2019 MFCF19013  LR Merwin 0.97 GrRLC 0.03
13 4/11/2019 MFCF19014  LR Cedar 0.95 LRMerwin 0.03 KalamW 0.01
14 4/11/2019 MFCF19015  LR Merwin 0.77 GrRLC 0.14 Cowman 0.04
15 4/12/2019 MFCF19016  LR Merwin 0.78 LRCedar 0.14 Cowman 0.03
16 4/12/2019 MFCF19017  LR Cedar 0.87 LRMerwin 0.10 GermCr 0.02
17 4/12/2019 MFCF19018  Germany Cr 0.38 LRMerwin 0.30 SandyR 0.20
18 4/12/2019 MFCF19019  LR Merwin 0.99
19 4/12/2019 MFCF19020  LR Merwin 0.96 LRCedar 0.01 KalamW 0.01
20 4/15/2019 MFCF19021  LR Cedar 0.82 LRMerwin 0.14 CowlitzR 0.02
21 4/15/2019 MFCF19022  LR Merwin 0.73 LRCedar 0.17 GrRLC 0.04
22 4/15/2019 MFCF19023  LR Cedar 0.61 LRMerwin 0.38 KalamW 0.01
23 4/15/2019 MFCF19024  LR Merwin 0.94 GermCr 0.03 GrRLC 0.02
24 4/15/2019 MFCF19025  Germany Cr 0.79 SandyR 0.11 LRMerwin 0.07
25 4/15/2019 MFCF19026  LR Merwin 0.95 ElochR 0.03 LRCedar 0.01
26 4/11/2019 TN1852 LR Merwin 0.76 GermCr 0.11 LRCedar 0.09
27 4/16/2019 TN1855 Germany Cr 0.43 LRMerwin 0.37 ElochR 0.15
28 4/16/2019 MFCF19027  LR Merwin 0.58 LRCedar 0.20 KalamW 0.12
29 4/18/2019 MFCF19028  Germany Cr 0.36 Cowman 0.31 ElochR 0.10
30 4/18/2019 MFCF19029  LR Cedar 0.57 LRMerwin 0.42
31 4/19/2019 MFCF19030  LR Merwin 0.84 LRCedar 0.11 KalamSu 0.02
32 4/21/2019 MFCF19031  LR Merwin 0.95 LRCedar 0.05
33 4/22/2019 MFCF19032  LR Merwin 0.75 GermCr 0.17 MillCr 0.02
34 4/22/2019 MFCF19033  LR Merwin 0.70 LRCedar 0.21 GarysR 0.06
35 4/23/2019 MFCF19034  LR Merwin 0.66 Cowman 0.28 LRCedar 0.05

Assignment Probability
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Date Sampled Sample No. Primary p Secondary p Tertiary p
36 4/23/2019 MFCF19035  LR Merwin 0.46 GermCr 0.33 KalamW 0.14
37 4/23/2019 MFCF19036  LR Merwin 0.55 LRCedar 0.25 Cowman 0.06
38 4/17/2019 TN18051  LR Merwin 0.88 GermCr 0.09 KalamW 0.02
39 4/17/2019 TN18056  LR Merwin 0.61 LRCedar 0.37 MillCr 0.02
40 4/17/2019 TN18057  LR Cedar 0.63 LRMerwin 0.25 GermCr 0.04
41 4/25/2019 MFCF19037  LR Merwin 0.98 LRCedar 0.02
42 4/29/2019 MFCF19038  HoodR 0.65 EFLewisR 0.21 LRMerwin 0.04
43 4/29/2019 MFCF19039  LR Merwin 0.53 LRCedar 0.20 BigCr 0.09
44 4/29/2019 MFCF19040  LR Cedar 0.52 LRMerwin 0.36 KalamW 0.04
45 4/24/2019 TN18061  LR Merwin 0.87 LRCedar 0.07 EFLewisR 0.02
46 5/9/2019 MFCF19‐046  GraysR 0.64 ElochR 0.13 LRCedar 0.11
47 5/13/2019 MFCF‐19‐047  LRhatW 0.54 LRCedar 0.33 LRMerwin 0.08
48 5/13/2019 MFCF19‐048  CoweemanR 0.42 LRMerwin 0.32 SandyR 0.11
49 3/28/2019 MFCF19003  LR Merwin 0.77 Cowman 0.20 GermCr 0.02
50 3/30/2019 MFCF19004  LR Merwin 0.96 LRCedar 0.02 GermCr 0.01
51 3/30/2019 MFCF19005  LR Merwin 0.46 ElochR 0.29 GarysR 0.13
52 3/28/2019 TN18043  LR Merwin 0.77 LRCedar 0.19 Cowman 0.04
53 4/4/2019 TN18044 LR Merwin 0.82
54 4/4/2019 TN18045 Germany Cr 0.29 BIG CR 0.27
55 4/4/2019 TN18046 LR Merwin 0.96
56 4/4/2019 TN18048 CoweemanR 0.59 LRCedar 0.24
57 4/8/2019 MFCF19006 LR Merwin 0.61 LRCedar 0.21
58 4/8/2019 MFCF19007 LR Merwin 0.68
59 4/8/2019 MFCF19008 LR Merwin 0.95
60 4/9/2019 MFCF19009 LR Cedar 0.72 LRMerwin 0.27
61 4/9/2019 MFCF19010 LR Merwin 0.90
62 4/9/2019 TN18050 LR Merwin 0.71 ElochR 0.15
63 5/2/2019 MFCF‐19‐041 KalamaR_W 0.38 BIG CR 0.21
64 5/6/2019 MFCF‐19‐042 LR Merwin 0.96
65 5/6/2019 MFCF‐19‐043 LR Merwin 0.43 LRCedar 0.36
66 5/7/2019 MFCF‐19‐044 LR Cedar 0.71 LRMerwin 0.26
67 5/7/2019 MFCF‐19‐045 LR Cedar 0.63 LRMerwin 0.27 elochhat 0.06

Assignment Probability
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Spawn Date
Spawning 

Cross
Female Families Notes

1 FCF01 FCF09 TN‐46 2

2 FCF04 FCF09 TN‐46 2

3 FCF015 FCF07 TN‐44 2

4 FCF03 FCF07 TN‐44 2

5 FCF‐14 FCF31 FCF33 2

6 FCF‐27 FCF31 FCF33 2

7 FCF‐34 FCF10 FCF16 2

8 FCF‐29 FCF10 FCF16 2

9 FCF‐30 TN48 TN52 2

10 FCF‐23 TN48 TN52 2

11 FCF‐43 TN61 FCF12 2

12 FCF‐41 TN61 FCF12 2 REMOVED FROM PRGRAM

13 FCF‐46 FCF38 FCF36 2 REMOVED FROM PRGRAM

14 FCF‐40 FCF38 FCF36 2

15 TN56 FCF6 FCF42 2

16 TN57 FCF6 FCF42 2

32

Males

5/17/2019

5/9/2019

5/8/2019

4/30/2019

4/16/2019
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North Fork Lewis River Downstream of Merwin Dam – 2018 
Coho Salmon Spawning Survey Results (October 2018 through 
January 2019) 
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Memorandum 
 

To: Erik Lesko, PacifiCorp 

From: Jason Shappart, Meridian Environmental, Inc. 

Date: March 12, 2019 

Re: North Fork Lewis River Downstream of Merwin Dam – 2018 Coho Salmon 
Spawning Survey Results (mid-October 2018 through January 2019) 

 

 

Introduction 
As a component of its existing FERC license, PacifiCorp conducts annual coho salmon 
spawning surveys from mid-October through January to facilitate estimating coho salmon 
spawning escapement in the North Fork Lewis River downstream of Merwin Dam 
(PacifiCorp and Cowlitz PUD 2017).  Meridian Environmental, Inc. (Meridian) has 
performed these surveys under contract with PacifiCorp since 2013.  The mainstem North 
Fork Lewis River spawning survey area is divided into five index reaches as defined by the 
Washington Department of Fish and Wildlife (WDFW), extending from the boat barrier 
downstream of Merwin Dam to the downstream end of Eagle Island (Figure 1), 
encompassing 10.84 river miles (mainstem channel and Eagle Island side channel).  The 
North Fork Lewis River tributary spawning survey reaches are defined annually by WDFW 
using a Generalized Random Tessellation Stratified (GRTS) sample design.  In 2018, 
WDFW designated three survey reaches within the Hayes Creek watershed, and one reach 
each in Bratton, Johnson, and Ross creeks (Figure 1).  All surveys were conducted on a 
weekly basis as environmental conditions allowed (flow, turbidity, etc.) following methods 
described in PacifiCorp’s revised Monitoring and Evaluation Plan (PacifiCorp and Cowlitz 
PUD 2017).  This memorandum summarizes the results of the coho salmon spawning 
surveys from mid-October 2018 through January 2019.  

 Survey Conditions 

In 2018, North Fork Lewis River flows below Merwin Dam were variable.  Flows were 
generally near median conditions from mid-October through early-November; substantially 
below median conditions from mid-November through mid-December; and then generally 
variable around median flow conditions for the remainder of the survey season (Figure 2).  
Conditions were surveyable during every week of the survey period for the mainstem North 
Fork Lewis River.  Tributary survey reaches were generally surveyable every week; 
however, the Hayes Creek watershed reaches were too turbid to survey the last week in 
December and first week in January.  Survey days vs. mainstem NF Lewis River discharge 
are depicted in Figure 3.  
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On each survey occasion, all five mainstem North Fork Lewis River reaches were surveyed 
via jet boat during a single day.  All tributary surveys were conducted on foot.  In prior 
years, PacifiCorp conducted river drawdowns once per week during the coho and fall 
Chinook spawning survey seasons at the request of WDFW to facilitate WDFW’s ability to 
recover fall Chinook carcasses.  From 2013 to 2015, Meridian purposefully avoided 
conducting coho surveys during the Wednesday drawdowns at the request of WDFW.  
However, additional data analyses suggested that coho carcass recovery rates may be 
improved during lower flows.  As a result, starting in 2016, Meridian conducted coho 
surveys during drawdown days to improve carcass detection probability and increase 
carcass resight probability, and attempted to do so during the 2018 survey season.   

 

 

Figure 1.  NF Lewis River mainstem and tributary coho spawning survey reaches 
below Merwin Dam in 2018. 
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Figure 2.  USGS Lewis River Arial Gage - mean daily discharge (cfs) during the 
survey season and median daily statistics over the period of record. 

 

 

Figure 3.  USGS Lewis River Ariel Gage – mean daily discharge (cfs) and survey 
timing. 
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Results 
North Fork Lewis River Tributary Surveys 
Meridian biologists counted a total of 30 redds, 19 live coho spawners, and 6 coho carcasses 
across the six tributary survey reaches.  The majority were in Ross and Johnson creeks 
(Table 1).  One redd and one live spawner were observed in Hayes Creek 1.  No redds, live 
coho, or carcasses were observed in Hayes Creek 2, Hayes Creek Tributary 2, or Bratton 
Creek.  These same tributary reaches were surveyed in some or all prior years from 2013 to 
2017; data for years when surveys were conducted is summarized in Table 2.  Ross Creek 
continues to be a tributary with relatively high coho spawning activity.  Coho spawning 
activity has not been observed in Hayes Creek Tributary 2 since Meridian began surveys in 
2013 (Table 2).    

Table 1.  Summary of tributary coho salmon spawning surveys downstream of 
Merwin Dam (mid-October 2018 through January 2019). 
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Ross Creek 1.0 16 15 12 1 10 0 1 2 0 0 3 0% 3 0 
Johnson Creek 0.95 16 16 17 2 8 1 1 0 0 1 3 0% 2 0 
Hayes Creek 1 1.0 16 13 1 0 1 0 0 0 0 0 0 0% 0 0 
Hayes Creek 2 1.0 16 13 0 0 0 0 0 0 0 0 0 NA 0 0 
Hayes Trib. 2 1.0 16 13 0 0 0 0 0 0 0 0 0 NA 0 0 
Bratton Creek 1.0 16 16 0 0 0 0 0 0 0 0 0 NA 0 0 
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Table 2.  Prior year survey data summary (2013-2018) for tributary stream 
reaches selected for survey in 2018 (if a year is not shown under a specific stream 
reach, then it was not selected for survey during that year by WDFW).  

Year 
Weeks 

Surveyable 
Total Live 
Spawners 

Total 
Carcasses 

Total 
Redds 

Ross Creek 
2013  13  44 20 18
2014  14  14 68 33
2015  10  10 5 2
2016  15  49 10 33
2017  16  20 11 30
2018  15  10 3 12

Johnson Creek 
2015  10  2 0 0
2018  16  8 3 17

Bratton Creek 
2015  10  0 1 0
2018  13  0 0 0

Hayes Creek 1 
2014  4  0 0 0
2015  11  0 1 0
2018  13  1 0 1

Hayes Creek 2 
2018  13  0 0 0

Hayes Tributary 2 
2013  14  0 0 0
2014  2  0 0 0
2016  9  0 0 0
2017  16  0 0 0
2018  13  0 0 0

North Fork Lewis River Mainstem Surveys 

As in prior years, Meridian biologists conducting coho redd surveys in the mainstem North 
Fork Lewis River found it difficult to differentiate coho redds from fall Chinook redds due to 
the relatively large number of fall Chinook spawning in the mainstem North Fork Lewis 
River compared to coho.  A total of 70 coho carcasses were observed in the entire mainstem 
North Fork Lewis River survey area over the 27 survey occasions in the 16-week survey 
period (Table 3).  Of those, 8 carcasses were not sampleable (i.e., generally too deep to 
recover).  A total of 62 carcasses were sampled.  A total of 8 carcasses had coded-wire tags 
present.  A total of 82 percent of sampled carcasses were of hatchery origin (identified as 
having an adipose fin clipped or CWT present).  A total of 61 sampled carcasses were 
tagged and released to complete the mark-resight estimate of total carcasses.  A total of 22 
(36 percent) of the tagged carcasses were resighted at least once over the 27 sampling 
occasions.  Carcass tagging results were used to make estimates of spawner escapement 
(i.e., total carcasses; see report from Leigh Ann Starcevich, PhD, Biometrician, West Inc., 
2019).  Total coho carcasses in the North Fork Lewis River mainstem between the 
downstream end of Eagle Island and the boat barrier downstream of Merwin Dam during 
the 2018 survey season was estimated to be 137 carcasses; bootstrap 95 percent confidence 
interval: 98 to 176 (Starcevich 2019).  The coefficient of variation for the total carcass 
estimate was 0.15. 
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Table 3.  Summary of North Fork Lewis River mainstem coho salmon spawning 
surveys downstream of Merwin Dam (mid-October 2018 through January 2019). 
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Reach 1 0.57 16 16 30 15 3 4 4 0 0 11 8 4 0% 8 0 
Reach 2 0.68 16 16 50 20 0 3 3 1 0 7 7 2 33% 7 0 
Reach 3 0.97 16 16 25 5 0 0 1 1 2 4 4 0 33% 4 0 
Reach 4 1.32 16 16 100 30 1 4 4 1 2 12 11 3 50% 11 5 
Reach 5 7.3 16 15 50 20 4 13 15 2 2 36 31 13 53% 32 3 
Total 10.84 16 16 255 90 8 24 27 5 6 70 61 22 42% 62 8 

 

Discussion and Conclusions 
Incorporating surveys on drawdown days in 2016 nearly doubled the proportion of tagged 
carcasses that were resighted compared to the highest resight proportion in previous years 
(2013 to 2015) when surveys were conducted on non-drawdown days (Table 4).  It is 
important to note that the same crew conducted all surveys during all six years covering 
the same reaches and season.  Drawdown operation for spawning surveys generally did not 
occur during the 2017 coho spawning survey season and average daily flow on survey days 
and average daily flow during the survey season was the highest since 2013 (Table 4).  
However, the coho carcass resight rate in 2017 was the highest since 2013, which could be 
due to random chance due to low sample size.  In 2018, drawdown surveys generally did not 
occur, but flows were generally low and clear during the majority of the survey season, 
which likely increased detection probability compared to prior years.  As it appears that 
drawdown surveys can increase detection probability in some years, we recommend to 
continue conducting coho spawning surveys during drawdown days in the future as 
possible.  
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Table 4.  Total coho redd estimates for 2013 to 2018. 
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2013 328 41 13% 15 4,700 4,804 1,970 297 1,523 to 2,679 0.17 
2014 431 18 4% 15 7,765 7,876 7,805 2,106 5,172 to 13,186 0.27 
2015 12 2 17% 12 5,632 8,429 no estimate due to low sample size 
2016 65 20 31% 16 4,587 6,721 124 17 103 to 169 0.14 
2017 24 8 33% 16 8,817 8,587 44 5 33 to 55 0.11 
2018 61 22 36% 16 5,009 5,044 137 20 98 to 176 0.15 

 

Over the long term, these data suggest that as the trap-and-haul upstream passage 
program has been implemented (beginning in 2012 and refined over time) to transport coho 
upstream of the Lewis River Hydroelectric Projects, returning coho are electing to travel 
further upstream to spawn, and continue to spawn in lower North Fork Lewis River 
tributaries, rather than spawn in the lower mainstem North Fork Lewis River.  The 
primary evidence of this effect is that thousands of adult coho have been captured at the 
fish passage facilities each year since 2013, while the number of coho carcasses encountered 
in the lower North Fork Lewis River mainstem downstream of the fish passage facilities 
appears to be declining.  Over the same time, redd counts in important spawning 
tributaries, such as Ross Creek, have remained relatively similar.  Of note, the low redd 
count in Ross Creek during 2018 was likely due to the very low return of early coho to the 
Lewis River basin during 2018, which was so low that the fishery was closed for the season 
in December to improve spawning escapement and hatchery broodstock collection.  Only 
two of the total 30 redds counted in the tributary survey reaches were observed prior to the 
December fishery closure.  All redds in Ross Creek were observed after the closure. 
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ENVIRONMENTAL & STATISTICAL CONSULTANTS

456 SW Monroe Ave, Suite 106, Corvallis, OR 97333 
 Phone: 541-738-6198  www.west-inc.com  

 

Date:  March 8, 2019 
To:  Jason Shappart (Meridian Environmental, Inc.) 
From: Leigh Ann Starcevich (WEST, Inc.)  
Re:  Estimates of 2018 Coho Adult Escapement from Tagged Carcass Surveys in the 

Lower North Fork Lewis River downstream of Merwin Dam 
 

Introduction 

Coho salmon spawning surveys (including carcass tagging) are conducted annually by 
Meridian Environmental, Inc. (Meridian) for PacifiCorp to provide the basis for estimating 
escapement in the mainstem North Fork Lewis River downstream of Merwin Dam to the 
downstream end of Eagle Island.  The area of interest is divided into 5 reaches ranging 
from 0.57 to 7.30 miles long, previously defined by Washington Department of Fish and 
Wildlife (WDFW).   
 
Coho carcass surveys were conducted on 27 occasions between October 18, 2018 and 
January 31, 2019. All observed coho carcasses in sufficient condition were identified and 
tagged with a uniquely-numbered plastic disk behind the gills (two tags per carcass) so 
that re-sighting probabilities of tagged carcasses do not differ from untagged carcasses.  
The tagged carcasses were returned to the river in the same location where found as 
suggested by WDFW.  On successive survey occasions, carcasses were counted by reach.  In 
previous years, after tagging, carcasses were placed in the current to re-distribute, and tails 
and tags from resighted tagged carcasses were removed and carcasses deposited adjacent 
to the river to prevent subsequent sightings.  This year, resighted tagged carcasses were 
recorded but not destroyed so that carcasses were available for multiple resightings.  After 
each resight, the tagged carcass was returned to the river in the same location where found.  
 

Statistical Methods 

Analysis tools developed for a similar analysis used by California Department of Fish and 
Wildlife (Bergman et al. 2012) were applied to the carcass data from the Lower Lewis River 
surveys.  In the R statistical environment (2014), the rma	package (McDonald 2015) was 
used to apply the super-population parameterization (Schwarz and Arnason 1996) of the 
Jolly-Seber model to estimate the total escapement in the population while accounting for 
subsampling of coho for marking.  Escapement is quantified by Schwarz and Arnason 
(1996) as the total number of gross “births” in the area of interest, which includes coho 
present at the beginning of the study, those that move into the study area during the 
monitoring period, and those that do not survive to the end of the monitoring period.   
 
Intercept-only models were used for capture and survival probabilities because 
preliminary modeling indicated that the 2018 data were too sparse for time-dependent 
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models.  A nonparametric bootstrap (Manly 2007) was used to obtain the standard error 
and 95%-confidence intervals on total escapement.   
 

Results 

A total of 70 carcasses were observed and 61 carcasses were in sufficient condition to 
mark.  Of the 61 marked carcasses, 39 were re-sighted once, 15 were resighted twice, 6 
were resighted three times, and one carcass was resighted 5 times over the 27 sampling 
occasions.  Escapement (i.e. the total number of carcasses) was estimated in 2018 as 137 
(95%-CI: 98, 176) individuals (Table 1).  The carcass sighting probability was estimated as 
0.46 (95%-CI: 0.30, 0.63). Analysis with the Cormack-Jolly-Seber model resulted in similar 
estimates, with an estimated gross population size of 127 (bootstrap SE = 18) and a 
bootstrap 95%-confidence interval of (103, 174).    
 
Table	1.		Estimated	2018	coho	spawner	escapement	by	year	to	the	mainstem	North	Fork	
Lewis	River	from	Merwin	Dam	to	the	downstream	end	of	Eagle	Island,	with	95%‐confidence	
intervals.	
Year	 Number	of	

marked	
carcasses	

Number		
(%)	of	
captured	
carcasses	

Est.	
Escapement	

SE 95%‐
Confidence	
Interval	

CV

2018 61 22 (36.1%) 137 20 (98, 176) 0.15
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Memorandum 

 

To: Erik Lesko, PacifiCorp 

From: Jason Shappart, Senior Fisheries Scientist 

Date: February 28, 2020 

Re:  North Fork Lewis River Downstream of Merwin Dam – 2019 Coho Salmon Spawning 
Survey Results (mid-October 2019 through January 2020) 

 

 

Introduction 

As a component of its existing FERC license, PacifiCorp conducts annual Coho Salmon 
spawning surveys from mid-October through January to facilitate estimating Coho Salmon 
spawning escapement in the North Fork (NF) Lewis River downstream of Merwin Dam 
(PacifiCorp and Cowlitz PUD 2017).  Meridian Environmental, Inc. (Meridian) has 
performed these surveys under contract with PacifiCorp since 2013 using the same survey 
crew each year.  The mainstem NF Lewis River spawning survey area is divided into five 
index reaches as defined by the Washington Department of Fish and Wildlife (WDFW), 
extending from the boat barrier downstream of Merwin Dam to the downstream end of 
Eagle Island (Figure 1), encompassing 10.84 river miles (mainstem channel and Eagle 
Island side channel).  The NF Lewis River tributary spawning survey reaches are defined 
annually by WDFW using a Generalized Random Tessellation Stratified (GRTS) sample 
design.  The tributary survey data is used by WDFW to estimate Coho escapement within 
the lower Columbia River area.  In 2019, WDFW designated two survey reaches within the 
Houghton Creek watershed, and one reach each in the Hayes Creek and Ross Creek 
watersheds (Figure 1).  Each survey reach was approximately one mile in length.  All 
surveys were conducted on a weekly basis as environmental conditions allowed (flow, 
turbidity, etc.) following methods described in PacifiCorp’s revised Monitoring and 
Evaluation Plan (PacifiCorp and Cowlitz PUD 2017).  This memorandum summarizes the 
results of the Coho Salmon spawning surveys from mid-October 2019 through January 
2020.  

  

Survey Conditions 

In 2019, NF Lewis River flows downstream of Merwin Dam were variable.  Flows were 
generally well below median conditions until mid-December due to the lack of precipitation 
(Figure 2).  Large storm events resulted flows generally much higher than median 
conditions from mid-December through the end of January (Figure 2).  Conditions were 
surveyable during every week of the survey period for the mainstem NF Lewis River except 
the last week in January, when spill occurred at Merwin Dam.  Tributary survey reaches 
were generally surveyable every week through December; however, conditions in all 
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tributaries were either poor or not surveyable during most of January due to high flows 
and/or high turbidity.  Survey days and mainstem NF Lewis River discharge are depicted in 
Figure 3.  

 

 

 

Figure 1.  North Fork Lewis River mainstem and tributary Coho spawning survey 
reaches below Merwin Dam in 2019. 
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Figure 2.  USGS Lewis River Ariel Gage - mean daily discharge (cfs) during the 
2019 survey season and median daily statistics over the period of record. 
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Figure 3.  USGS Lewis River Ariel Gage – mean daily discharge (cfs) and survey 
timing in 2019. 

On each survey occasion, all five mainstem NF Lewis River reaches were surveyed via jet 
boat during a single day.  All tributary surveys were conducted on foot.  In prior years, 
PacifiCorp conducted river drawdowns once per week during the Coho and fall Chinook 
spawning survey seasons at the request of WDFW to facilitate WDFW’s ability to recover 
fall Chinook carcasses.  From 2013 to 2015, Meridian purposefully avoided conducting Coho 
surveys during the Wednesday drawdowns at the request of WDFW.  However, additional 
data analyses suggested that Coho carcass recovery rates may be improved during lower 
flows.  As a result, starting in 2016, Meridian conducted Coho surveys during drawdown 
days to improve carcass detection probability and increase carcass resight probability, and 
attempted to do so during the 2019 survey season, though few drawdown days occurred.   

 

Results 

North Fork Lewis River Tributary Surveys 
Meridian biologists counted a total of 29 redds, 34 live Coho spawners, and 12 Coho 
carcasses across the four tributary survey reaches.  All Coho and redds observed were in 
Ross and Houghton creeks (Table 1).  No Coho or redds were observed in Hayes Creek 
Tributary 2.  These same tributary reaches were surveyed in some or all prior years from 
2013 to 2018; data for years when surveys were conducted is summarized in Table 2.  Ross 
and Houghton creeks continue to have relatively high Coho spawning activity.  A total of 30 
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percent of sampled carcasses were of hatchery origin (identified as having an adipose fin 
clipped or coded wire tag (CWT) present).  Coho spawning activity has not been observed in 
Hayes Creek Tributary 2 since Meridian began surveys in 2013 (Table 2).    

 

Table 1.  Summary of tributary Coho Salmon spawning surveys downstream of 
Merwin Dam (mid-October 2019 through January 2020). 
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Ross Creek 
Reach 1 

1.0 15 12 13 2 29 2 0 2 2 4 10 0% 8 0 

Houghton Creek 
Reach 1 

1.0 15 14 16 0 5 0 0 1 0 1 2 0% 2 0 

Houghton Creek 
Reach 2 

1.0 15 11 0 0 0 0 0 0 0 0 0 NA 0 0 

Hayes Creek 
Tributary 2 

1.0 15 11 0 0 0 0 0 0 0 0 0 NA 0 0 

 

 

Table 2.  Prior year survey data summary (2013-2019) for tributary stream 
reaches selected for survey in 2019 (if a year is not shown under a specific stream 
reach, then it was not selected for survey during that year by WDFW).  

Year 
Weeks 

Surveyable 
Total Live 
Spawners 

Total 
Carcasses 

Total 
Redds 

Ross Creek 
2013  13 44 20 18 
2014  14 14 68 33 
2015  10 10 5 2 
2016 15 49 10 33 
2017  16 20 11 30 
2018  15 10 3 12 
2019 12 29 10 13 
Houghton Creek 
2013 15 52 2 8 
2014 13 13 14 8 
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2015 10 0 0 0 
2016 (2 reaches)* 16 10 2 10 
2019 (2 reaches)* 14 5 2 16 
Hayes Tributary 2 
2013 14 0 0 0 
2014 2 0 0 0 
2016 9 0 0 0 
2017 16 0 0 0 
2018 13 0 0 0 
2019 11 0 0 0 

*Note:  A single one mile-long reach was surveyed in each year for each stream, except two reaches (one mile-long 
each) were surveyed in Houghton Creek in 2016 and 2018.  

 

North Fork Lewis River Mainstem Surveys 

As in prior years, Meridian biologists conducting Coho redd surveys in the mainstem North 
Fork Lewis River found it difficult to differentiate Coho redds from fall Chinook redds due 
to the relatively large number of fall Chinook spawning in the mainstem NF Lewis River 
compared to Coho.  A total of 44 Coho carcasses were observed in the entire mainstem NF 
Lewis River survey area over the 16-week survey period (Table 3).  Of those, two carcasses 
were not sampleable (i.e., generally too deep to recover).  A total of 40 carcasses were 
sampled.  Zero carcasses had CWT present.  A total of 53 percent of sampled carcasses were 
of hatchery origin (identified as having an adipose fin clipped or CWT present).  All 
sampled carcasses were tagged and released to complete the mark-resight estimate of total 
carcasses.  A total of seven (17.5 percent) of the tagged carcasses were resighted at least 
once during the survey season.  However, high flows after mid-December affected carcass 
resight efficiency.  For the survey period from October through December 18, 2020, a total 
of 21 carcasses were tagged and six (28.6 percent) of the tagged carcasses were resighted.  
However, once flows increased after December 18, a total of 19 carcasses were tagged, but 
only one carcass (5.3 percent) was resighted. 

 

Carcass tagging results were used to make estimates of spawner escapement (i.e., total 
carcasses; Starcevich 2020).  Total Coho carcasses in the North Fork Lewis River mainstem 
between the downstream end of Eagle Island and the boat barrier downstream of Merwin 
Dam during the 2019 survey season was estimated to be 83 carcasses; bootstrap 95 percent 
confidence interval: 64 to 102 (Starcevich 2020).  The coefficient of variation for the total 
carcass estimate was 0.12. 

 

Table 3.  Summary of North Fork Lewis River mainstem Coho Salmon spawning 
surveys downstream of Merwin Dam (mid-October 2019 through January 2020). 
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Reach 1 0.57 16 15 16 0 1 1 2 2 1 7 6 2 33% 6 0 
Reach 2 0.68 16 15 23 0 0 0 1 2 0 3 3 0 0% 3 0 
Reach 3 0.97 16 15 13 0 1 1 0 1 0 3 2 0 0% 2 0 
Reach 4 1.32 16 15 25 0 0 2 1 4 1 8 8 0 0% 8 0 
Reach 5 7.3 16 15 45 0 2 7 6 6 2 23 21 5 63% 21 0 
Total 10.84 16 15 122 0 4 11 10 15 4 44 40 7 43% 40 0 

 

Discussion and Conclusions 
Incorporating surveys on drawdown days in 2016 nearly doubled the proportion of tagged 
carcasses that were resighted compared to the highest resight proportion in previous years 
(2013 to 2015) when surveys were conducted on non-drawdown days (Table 4).  It is 
important to note that the same crew conducted all surveys during all seven years covering 
the same reaches and season.  Drawdown operation for spawning surveys generally did not 
occur during the 2019 Coho spawning survey season and average daily flow on survey days 
and average daily flow during the survey season was the highest since 2013 (Table 4). 

 

Though drawdown surveys generally did not occur in 2019, flows were generally low and 
clear through mid-December, which resulted in relatively high carcass detection 
probability.  However, after mid-December, high flows greatly reduced carcass detection 
probability.  High water could have washed marked carcasses downstream or could have 
caused detection issues due to reduced water clarity.  Field crews also noticed the presence 
of what appeared to be a substantially higher abundance of bald eagles in the area during 
surveys compared to previous years, and predation on marked carcasses could have reduced 
the number of marked carcasses available for resight.  During a low Coho run year when 
few carcasses are available for tagging, increased predation could have a pronounced effect 
on Coho carcass resighting probability. 

 

Over the long term, these data suggest that as the trap-and-haul upstream passage 
program has been implemented (beginning in 2012 and refined over time) to transport Coho 
upstream of the Lewis River Hydroelectric Projects, returning Coho are electing to travel 
further upstream to spawn, and continue to spawn in lower NF Lewis River tributaries, 
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rather than spawn in the lower mainstem NF Lewis River.  The primary evidence of this 
effect is that thousands of adult Coho have been captured at the fish passage facilities each 
year since 2013, while the number of Coho carcasses encountered in the lower NF Lewis 
River mainstem downstream of the fish passage facilities appears to be declining.   

Table 4.  Total Coho redd estimates for 2013 to 2019. 
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2013 Season Total 328 41 13% 15 4,700 4,804 1,970 297 1,523 to 2,679 0.17 
2014 Season Total 431 18 4% 15 7,765 7,876 7,805 2,106 5,172 to 13,186 0.27 
2015 Season Total 12 2 17% 12 5,632 8,429 no estimate due to low sample size 
2016 Season Total 65 20 31% 16 4,587 6,721 124 17 103 to 169 0.14 
2017 Season Total 24 8 33% 16 8,817 8,587 44 5 33 to 55 0.11 
2018 Season Total 61 22 36% 16 5,009 5,044 137 20 98 to 176 0.15 
2019 Oct 18-Dec 20 21 6 29% 10 3,491 3,240 Low water period 
2019 Dec 21-Jan 31 19 1 5% 5 10,942 10,440 High water period 
2019 Season Total 40 7 18% 15 6,181 6,761 83 10 64 to 102 0.12 
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Date:  February 26, 2020 
To:  Jason Shappart (Meridian Environmental, Inc.) 
From: Leigh Ann Starcevich (WEST, Inc.)  
Re:  Estimates of 2019 Coho Adult Escapement from Tagged Carcass Surveys in the 

Lower North Fork Lewis River downstream of Merwin Dam 
 
Introduction	

Coho salmon spawning surveys (including carcass tagging) are conducted annually by 
Meridian Environmental, Inc. (Meridian) for PacifiCorp to provide the basis for estimating 
escapement in the mainstem North Fork Lewis River downstream of Merwin Dam to the 
downstream end of Eagle Island.  The area of interest is divided into 5 reaches ranging 
from 0.57 to 7.30 miles long, previously defined by Washington Department of Fish and 
Wildlife (WDFW).   
 
Coho carcass surveys were conducted on 17 occasions between October 18, 2019 and 
January 24, 2020. All observed Coho carcasses in sufficient condition were identified and 
tagged with a uniquely-numbered plastic disk behind the gills (two tags per carcass) so 
that resighting probabilities of tagged carcasses do not differ from untagged carcasses.  On 
successive survey occasions, carcasses were counted by reach.  Resighted tagged carcasses 
were recorded but not destroyed so that carcasses were available for multiple resightings.  
After each resight, the tagged carcass was returned to the river in the same location where 
found as suggested by WDFW.  
 

Statistical	Methods	

Analysis tools developed for a similar analysis used by California Department of Fish and 
Wildlife (Bergman et al. 2012) were applied to the carcass data from the Lower Lewis River 
surveys.  In the R statistical environment (2019), the rma	package (McDonald 2015) was 
used to apply the super-population parameterization (Schwarz and Arnason 1996) of the 
Jolly-Seber model to estimate the total escapement in the population while accounting for 
subsampling of Coho for marking.  Escapement is quantified by Schwarz and Arnason 
(1996) as the total number of gross “births” in the area of interest, which includes Coho 
present at the beginning of the study, those that move into the study area during the 
monitoring period, and those that do not survive to the end of the monitoring period.  The 
super-population parameterization of the Jolly-Seber model (POPAN model) was also 
applied to the carcass data with the RMark package (Laake 2013). Intercept-only models 
were used for capture and survival probabilities because preliminary modeling indicated 
that the 2019 data were too sparse for time-dependent models.   
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Results	

The results of the 2019 carcass survey are provided in Table 1.  A total of 44 carcasses were 
observed and 40 carcasses were in sufficient condition to mark.  Of the 40 marked 
carcasses, 7 were re-sighted once for an observed resighting probability of 0.175.  No 
carcasses were observed more than once. Escapement (i.e. the total number of carcasses) 
was estimated in 2019 as 83 (95%-CI: 64, 102) individuals.  However, the model results 
indicated poor convergence as demonstrated by large estimates of the standard error of 
the capture probability, so model results may not be reliable. Lack of convergence occurs 
when the iterative algorithm used to obtain estimates does not identify a single solution 
within a specified error range. This is likely due to a low number of marked carcasses (40) 
and a low proportion of resighted marked carcasses (0.175), so data are insufficient for 
estimation of all model parameters. Data were restricted to the set of survey occasions 
occurring on or before December 18, 2019 before high water conditions occurred, but 
modeling resulted in similarly large standard errors.     
 
Table	1.		Estimated	2019	coho	spawner	escapement	to	the	mainstem	North	Fork	Lewis	River	
from	Merwin	Dam	to	the	downstream	end	of	Eagle	Island,	with	95%‐confidence	intervals.	
Year	 Number	of	

marked	
carcasses	

Number		
(%)	of	
captured	
carcasses	

Est.	Gross	
Population	

Size	

SE 95%‐
Confidence	
Interval	

Coefficient	of	
Variation	

(SE/Est.	Size)	

2019 40 7 (17.5%) 83 10 (64, 102) 0.12
 
Discussion	

Environmental conditions likely impacted the resighting probabilities of marked carcasses, 
but data are too sparse to quantitatively assess the impact. High water could have washed 
marked carcasses downstream or could have caused detection issues due to water 
turbidity. Field crews also noticed the presence of a higher abundance of bald eagles in the 
area during surveys compared to previous years, and predation on marked carcasses could 
have reduced the number of marked carcasses available for resight. During a low Coho run 
year when few carcasses are available for tagging, increased predation could have a 
pronounced effect on Coho carcass resighting probability.  
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APPENDIX H   

Lewis River Annual Hatchery Operations Report - 2019 
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