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Why do power analysis? 

• How big of an effect can we detect with 
current field sampling methods? 

• Will that achieve program objectives? 

– RFP states RRSH/N = 0.5 

– Does this study need to detect smaller effects? 

• How much would we need to sample to detect 
smaller effects? 

• How would we do that? 
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Outline 

• Background of AHRP 

• Parentage and RRS 

• Proposed study design 

• Simulations 

• Power analysis 

• Christie et al. 2014 review 
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AHRP Research Questions 

1) What is the genetic structure of pink and 
chum in PWS and SEAK? 

2) What is the extent and annual variability of 
straying? 

3) What is the impact on fitness (productivity) 
of natural pink and chum stocks due to 
straying hatchery pink and chum salmon? 
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AHRP Research Questions 

1) What is the genetic structure of pink and 
chum in PWS and SEAK? 

2) What is the extent and annual variability of 
straying? 

3) What is the impact on fitness (productivity) 
of natural pink and chum stocks due to 
straying hatchery pink and chum salmon? 

What is the relative reproductive success (RRS) 
of hatchery-origin and natural-origin fish? 
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AHRP Research Questions 
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Previous research 
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Previous research 
Steelhead Chinook Coho 
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Previous research 
Steelhead Chinook Coho 

Chum 
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Previous research 
Steelhead Chinook Coho 

Chum 

• Also lots of Atlantic salmon 
• No pinks, few chum 
• Different hatchery culture 
• Smaller releases 
• None in Alaska 
• Sample ↑ prop. adults/offspring 
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Outline 

• Background of AHRP 

• Parentage and RRS 

• Proposed study design 

• Simulations 

• Power analysis 

• Christie et al. 2014 review 
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How to measure RS? 
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Female 

Male 

Female 

Natural Hatchery 

Fitness ~ Reproductive Success (RS) 

by Cross Type 
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How to measure RS? 

F1 

F0 

Male 
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Natural Hatchery 

Fitness ~ Reproductive Success (RS) 

by Individual/Sex 
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How to measure RS? 
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RFP states RS will be 
determined by sex 

See AHRP Technical Document 5 
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How to measure RS? 
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Outline 

• Background of AHRP 

• Parentage and RRS 

• Proposed study design 

• Simulations 

• Power analysis 

• Christie et al. 2014 review 
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Study Design 
Pink – PWS 
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Study Design 
Pink – PWS 

3 Low Stray 
(<15%) 
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Study Design 
Pink – PWS 

3 Low Stray 
(<15%) 

3 High Stray 
(~50%) 
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Study Design 
Pink – PWS 

Selection 
• Run size 
• Stray rate 
• Logistics 
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Study Design 
Pink – PWS 

Sample 
500-1000/yr 
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Study Design 
Pink – PWS 

Sample 
500-1000/yr 
Escapement 

~3000/yr 
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Study Design 
Pink – PWS 

 
Assume 

RRSH/N < 0.5 
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RFP Guidelines 

• Sampling 

–High stray 

• 500 adults / 3000 escapement = 1/6 

– Low stray 

• 1000 adults / 3000 escapement = 1/3 

• RRS measured by sex 
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Considerations 

Missing 

F0 parents 

Missing  

F1 offspring ? 
-Araki and Blouin 2005 
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? ? 

? 

What is the power 
to detect a 

difference in RS? 



BREAK: Questions so far? 
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Outline 

• Background of AHRP 

• Parentage and RRS 

• Proposed study design 

• Simulations 

• Power analysis 

• Christie et al. 2014 review 
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Simulation design 

• Stray rate 
% hatchery-origin in stream 

high (50%), low (15%) 
 

• Effect size 
RRSH/H to N/N 

0.5 to 0.875 
 

• Proportion of population sampled 
Adults and offspring 

1/6 to 1 

48 See AHRP Technical Document 5 



49 See AHRP Technical Document 5 



Simulation design 

• Stray rate 
% hatchery-origin in stream 

high (50%), low (15%) 
 

• Effect size 
RRSH/H to N/N 

0.5 to 0.875 
 

• Proportion of population sampled 
Adults and offspring 

1/6 to 1 

288 simulated data sets for parentage 
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Simulation design 
Natural 

Hatchery 
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Simulation design 

• Create F1 genotypes 

 

• Sample adults 

– 1/6, 2/6, 3/6, 4/6, 5/6, 6/6 

• Sample offspring 

– 1/6, 2/6, 3/6, 4/6, 5/6, 6/6 

 

• Incorporate random 0.5% genotype error rate 

61 See AHRP Technical Document 3 & 5 



Outline 

• Background of AHRP 

• Parentage and RRS 

• Proposed study design 

• Simulations 

• Power analysis 

• Christie et al. 2014 review 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

63 See AHRP Technical Document 5 

Do not consider: 
N/N to H/H 
N/N to H/N 

Fitness impact of 
hatchery strays on 

natural fitness 



Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

 

𝒏𝑯 𝑯  𝒑𝒂𝒊𝒓𝒔

𝒊=𝟏

 

 

𝒏𝑵 𝑵  𝒑𝒂𝒊𝒓𝒔

𝒊=𝟏

 

… 

… 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 
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 𝒏𝒐𝒇𝒇𝒊

𝒏𝑯 𝑯  𝒑𝒂𝒊𝒓𝒔

𝒊=𝟏

𝒏𝑯 𝑯  𝒑𝒂𝒊𝒓𝒔  

Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

𝑅𝑅𝑆𝐻 𝐻 𝑡𝑜𝑁 𝑁 = 1.3 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

Caveats 
• Min # offspring = 1 
• Smaller sample size 

70 See AHRP Technical Document 5 



Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

Caveats 
• Min # offspring = 1 
• Smaller sample size 

71 See AHRP Technical Document 5 



Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

–Single parent by sex 

• Hfemale to Nfemale 

• Hmale to Nmale 

72 See AHRP Technical Document 5 



Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

–Single parent by sex 

• Hfemale to Nfemale 

• Hmale to Nmale 

73 See AHRP Technical Document 5 

? 

? 



Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

–Single parent by sex 

• Hfemale to Nfemale 

• Hmale to Nmale 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

–Single parent by sex 

• Hfemale to Nfemale 

• Hmale to Nmale 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

–Single parent by sex 

• Hfemale to Nfemale 

• Hmale to Nmale 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

–Single parent by sex 

• Hfemale to Nfemale 

• Hmale to Nmale 𝑅𝑅𝑆𝐻 𝑡𝑜 𝑁𝑓𝑒𝑚𝑎𝑙𝑒 = 0.5 
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Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 

–Single parent by sex 

• Hfemale to Nfemale 

• Hmale to Nmale 
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• Min # offspring = 0 
• Only ½ genetic info 



Relative reproductive success 

• Four comparisons 

–By cross type 

• H/H to N/N 

• H/N to N/N 
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• Hfemale to Nfemale 

• Hmale to Nmale 
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Test of fitness differences 
• Non-parametric approach (Araki & Blouin 2005) 

– Permutation test 
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Test of fitness differences 
• Non-parametric approach (Araki & Blouin 2005) 

– Permutation test Number of offspring 
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Test of fitness differences 
• Non-parametric approach (Araki & Blouin 2005) 

– Permutation test Number of offspring 

Hatchery Natural 
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3 2 

1 3 
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RSH = 1.5 RSN = 2.0 
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Test of fitness differences 
• Non-parametric approach (Araki & Blouin 2005) 

– Permutation test Number of offspring 

Hatchery Natural 

1 1 

3 2 

1 3 
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3 5 

2 1 

0 0 

2 2 
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RSH = 1.5 RSN = 2.0 

RRSH/N = 0.75 
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Test of fitness differences 
• Non-parametric approach (Araki & Blouin 2005) 

– Permutation test Number of offspring 

Hatchery Natural 

1 3 

1 2 

0 0 

3 1 

3 2 

2 1 

0 1 

5 2 

2 

3 

RSH = 1.9 RSN = 1.7 

RRSH/N = 1.10 
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Test of fitness differences 
• Non-parametric approach (Araki & Blouin 2005) 

– Permutation test 
SIGNIFICANT 
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Test of fitness differences 
• Non-parametric approach (Araki & Blouin 2005) 

– Permutation test 
• "Power" - 80% & 95% (Thériault et al. 2011 & Hess et al. 2012) 
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    Power = 1 – β 
“Power” = 1 – α 



Single parent results: 
Permutation test 
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RRS 95% "Power" 
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RRS 95% "Power" 
Detectable 

Undetectable 
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RRS 95% "Power" 
Modeled RRSHH/NN = 0. 50; RRSH/N = 0. 70  Detectable 

Undetectable 
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True RRS 

Modeled RRSHH/NN = 0. 50; RRSH/N = 0. 70  
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Modeled RRSHH/NN = 0. 63; RRSH/N = 0. 79  
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True RRS 
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Modeled RRSHH/NN = 0. 75; RRSH/N = 0. 86  



RRS 95% "Power" 
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Stray 

Detectable 

Undetectable 

True RRS 
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Modeled RRSHH/NN = 0. 88; RRSH/N = 0. 95  



RRS: Single Parents by Sex 

• Described in RFP 

• Larger sample size 

• Greater power 
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Test of fitness differences 
• Non-parametric approach (Araki & Blouin 2005) 

– Permutation test 
• "Power" - 80% & 95% (Thériault et al. 2011 & Hess et al. 2012) 

 

 

 

 

• Parametric approach (Anderson 2013) 

– Negative binomial general linear model (GLM) 

101 See AHRP Technical Document 5 



Test of fitness differences 
• Non-parametric approach (Araki & Blouin 2005) 

– Permutation test 
• "Power" - 80% & 95% (Thériault et al. 2011 & Hess et al. 2012) 

 

 

 

 

• Parametric approach (Anderson 2013) 

– Negative binomial general linear model (GLM) 

• 90% CI 
– RRS = 1/eβ 
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Precision of RRS estimate 
F0 1/6 sample proportion
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Single parent results: 
Negative binomial 90% CI width 
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Single  
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Parent pair results: 
Negative binomial 90% CI width 

H/H to N/N cross type 
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H/H to N/N 
cross type 



Parent pair results: 
Negative binomial 90% CI width 

H/N to N/N cross type 
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cross type 



Conclusions from simulations 

• Low power with 1/6 sampling 

• Lower power for low stray rate 

• Lower power for cross type RRS 

• Increases faster with F0 sampling 
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BREAK: Questions so far? 
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Outline 

• Background of AHRP 

• Parentage and RRS 

• Proposed study design 

• Simulations 

• Power analysis 

• Christie et al. 2014 review 
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Christie et al. 2014 

Christie, M. R., M. J. Ford, and M. S. Blouin.   
2014.   On the reproductive success of early-
generation hatchery fish in the wild. 
Evolutionary Applications:7(8).  
http://dx.doi.org/10.1111/eva.12183 

 

• Review of early-generation RRS studies 

• Examine statistical power of RRS studies 

114 Christie et al. 2014 Review in Evolutionary Applications 

http://dx.doi.org/10.1111/eva.12183
http://dx.doi.org/10.1111/eva.12183


Christie et al. 2014 Box 2 

• Sample size and power for RRS 

– Vary single parent RRS from 0.5-0.95 

– Sample 5-400 parents 

– 50% stray rate 

– Generate offspring from negative binomial 

– Sample ALL offspring 

– Test for KNOWN fitness difference 

– Repeat 5,000 times 

– Power = % of tests that are “significant” 
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Christie et al. 2014 Box 2 
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Christie et al. 2014 Box 2 

• Caveats 

– RRS = 0.5, 0.7, 0.8, 0.9, 0.95 

– Stray rate = 50% 

– # Parents 5-400 

– Sampled ALL offspring 

– Negative binomial of offspring had m = 8 
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Power analysis 

Christie et al. 2014 

• 5 RRS values 

• Sample 5-400 parents 

• 50% stray rate 

• Negative binomial of 
offspring m = 8 

• Sample ALL offspring 

What I did 

• Many RRS values 

• Sample 0-3000 parents 

• 50% & 15% stray rate 

• Negative binomial of 
offspring m = 2 

• Sample proportions of 
offspring 
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What I did 
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What I did 

1080 

RRS = 0.8 
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What I did 
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What I did 
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What I did 

123 See Future AHRP Technical Document 



What I did 
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What I did 
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What I did 
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What I did 
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What I did 
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Recommendations 

• Where do we go from here? 

 

• Where are we? 
– Stray rate? 

– Sample size F0? 

– Sample proportion of F1? 

• Use sample proportion of F0 (2013 & 2014 ) as proxy 

129 See Future AHRP Technical Document 



Sample sizes of F0 – PWS Pink 
Location Stray 2013 2014 

Spring Low 
                

1,351  
                  

151  

Stockdale Low 
                

1,195  
               

1,551  

Gilmour Low  NA  
                  

669  

Hogan High 
                   

829  
               

2,649  

Erb High 
                   

637  
               

1,957  

Paddy High 
                   

125  
               

1,158  
130 



Sample sizes of F0 – PWS Pink 
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Sample sizes of F0 – PWS Pink 
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Sample sizes of F0 – PWS Pink 
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Sample sizes of F0 – PWS Pink 
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Sample sizes of F0 – PWS Pink 
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Sample sizes of F0 – SEAK Chum 

Location Stray 2013 2014 

Admiralty Low 
                           

421  
                         

260  

Prospect Low 
                           

487  
                         

473  

Fish High 
                       

1,008  
                      

2,626  

Sawmill High 
                           

344  
                         

124  
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Sample sizes of F0 – SEAK Chum 
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Sample sizes of F0 – SEAK Chum 
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Sample sizes of F0 – SEAK Chum 
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Conclusions 

Power depends on 

• Stray rate 

• Distribution of offspring 

– Shape 

– Mean RS 

• Num. families sampled (F0) 

• Prop. offspring sampled (F1) 

Higher power with 

50% stray rate 

 

Low variation 

High Productivity 

> 500 families 

High prop. offspring 
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Questions for Science Panel 

• What level of power, in terms of 
maximum RRS that would likely be 
detectable, is appropriate for this 
study? 

• What are alternative study designs 
that could increase the proportion of 
adults and offspring sampled? 
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