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The Collaborative Adaptive Management Team (CAMT) will work, with a 
sense of urgency, to develop a robust science and adaptive management 
program that will inform both the implementation of the current 
Biological Opinions, including interim operations; and the development of 
revised Biological Opinions.  
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Are there biases in the existing delta smelt survey data, and if so, how should those 
survey data be utilized? 

 
biases
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𝐶 = 𝑞𝐸𝑁

𝐶

𝐸
= 𝐶𝑃𝑈𝐸 = 𝑞𝑁
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◦



http://www.dfg.ca.gov/delta/projects.asp?ProjectID=FMWT
https://www.wildlife.ca.gov/Conservation/Delta/Spring-Kodiak-Trawl
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◦
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   Pr(𝑌 = 𝑦) = {
𝑝

 𝑝 ∙ 𝑓(𝑦)               
𝑦 ≠ 0

otherwise

𝑝 𝑓(𝑦)

𝑝

 𝑓(𝑦)
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𝑔(𝐸(𝑦)) = 𝑋𝛽

𝑦 𝑋

𝛽 𝑔

𝑔(𝐸(𝑦)) = 𝑋𝛽 + ∑ 𝑠𝑗(𝑥𝑗)𝑝
𝑗=1
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𝑠𝑗

𝜀~𝑁(0, 𝜎2𝐼) 𝐼

𝜀𝑖  𝑖 = 1, … , 𝑛).

cor(𝜀𝑠, 𝜀𝑡) = {
1 if 𝑠 = 𝑡      
0 otherwise

ℎ

cor(𝜀𝑠, 𝜀𝑡) = {
1 if 𝑠 = 𝑡      

ℎ(𝜀𝑠, 𝜀𝑡, 𝜌) otherwise

ℎ 𝜌 𝑠 𝑡

ℎ

𝐸(𝑦) =
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𝜇 = 𝑔−1(𝑋𝛽)

𝐷𝑇𝑉−1(𝑦 − 𝑔−1(𝑋𝛽)) = 0

𝐷𝑇 𝐷 = 𝜕(𝑔−1(𝑋𝛽)) 𝜕𝛽⁄ 𝑉

𝑚

∑ 𝐷𝑗
𝑇𝑚

𝑗=1 𝑉𝑗
−1 (𝑦𝑗 − 𝑔−1(𝑋𝑗𝛽)) = 0

𝑗 𝑉

𝑉 = 𝜙𝐴1/2𝑅𝐴1/2 𝐴  𝜙

𝑅

cor(𝜀𝑠, 𝜀𝑡) = {
1          if 𝑠 = 𝑡      
𝜌         otherwise

cor(𝜀𝑠, 𝜀𝑡) = {
1         if 𝑠 = 𝑡      
𝜌|𝑠−𝑡|  otherwise

cor(𝜀𝑠, 𝜀𝑡) = {
1          if 𝑠 = 𝑡      
0         otherwise
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𝑔(𝐸(𝑦)) = 𝑋𝛽 + 𝑍𝑏

𝑍 𝑏

𝜀~𝑁(0, Σ) 𝑏~𝑁(0, D) D

𝑦

𝑦 = 𝑋𝛽 + 𝑍𝑏

𝑦

𝑦

𝜎𝜀
2

𝜎𝑏
2

𝜎𝑏
2 + 𝜎𝜀

2 𝜎𝑏
2

𝜎𝜀
2 𝜋2 3⁄

𝜌 =

𝜎𝑏
2 (𝜎𝑏

2 + 𝜋2 3⁄⁄ ) 𝜌

𝜌

𝜌

𝜌

𝑑eff = 1 + (𝑛 − 1)𝜌

𝑛

 𝑁effective = 𝑀𝑛 𝑑eff⁄ 𝑀
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𝑑eff 𝑁effective

𝜎𝜀
2

var(𝜀𝑖) =

𝜎2(𝑓(𝑋, 𝛽))2𝜃 var(𝜀𝑖) = 𝜎2exp {2𝜃𝑓(𝑋, 𝛽)}

var(𝜀𝑖) = 𝜎2[𝜃1 + {𝑓(𝑋, 𝛽)}2𝜃2]

𝐸(𝑦) = 𝑋𝛽 + ∑ 𝑠𝑗(𝑥𝑗)𝑝
𝑗=1 + 𝑍𝑏
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𝑏 𝜀

𝜎𝜀
2
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𝑔(𝐸(𝑦)) = 𝑋𝛽 + 𝜌𝐴

𝜌 𝐴 𝐴𝑖 =
∑ 𝑤𝑖𝑗𝑗𝜖𝑘𝑖

𝑦𝑗

∑ 𝑤𝑖𝑗𝑗𝜖𝑘𝑖

𝑖

 𝐴𝑖 𝑗

𝑖 𝑘𝑖 𝑤𝑖𝑗 𝑗 𝑖

SAR𝑒𝑟𝑟

GAM𝑒𝑟𝑟

SAR𝑒𝑟𝑟

SAR𝑒𝑟𝑟

𝐸(𝑦) = 𝑋𝛽 + 𝜆𝑊𝑢

𝜆 𝑊 𝜆𝑊

𝑢

𝑊

𝜀~𝑁(0, Σ) Σ
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𝑟

C(𝑟) = 𝑒
−𝑟

𝑑

C(𝑟) = 𝑒(
−𝑟

𝑑
)

2

C(𝑟) = 1 − 1.5 (
𝑟

𝑑
) + 0.5 (

𝑟

𝑑
)

3

𝑑

GAM𝑒𝑟𝑟

GAM𝑒𝑟𝑟

AIC = −2log (𝐿) + 2𝑝

𝐿 𝑝

QIC

QIC = −2𝑄(𝛽𝑅, 𝐼) + 2trace(𝛺𝐼
−1, 𝑉𝑅)
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𝛺𝐼

𝑉𝑅 QICu

QICu =  −2𝑄(𝛽𝑅 , 𝐼) + 2p

p
QIC QICu

τ

1

𝑛
∑ (𝑦𝑖 − �̂�𝑖)2𝑛

𝑖=1

𝑛 𝑦𝑖 𝑖 �̂�𝑖
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 – F
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QIC

QIC

QICu QICu
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𝜎𝑏
2 𝜎𝑏

𝜌

𝑑eff

𝑁eff

𝑑eff 𝑑eff

𝑁eff

𝑁eff

𝑁eff

𝑁eff

 – 
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𝜎𝑒
2 𝜎𝑏

2

𝜌

𝑁eff
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SAR𝑒𝑟𝑟

SAR𝑒𝑟𝑟

 

SAR𝑒𝑟𝑟
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GAM𝑒𝑟𝑟



  

GAM𝑒𝑟𝑟
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 – F
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QIC

QICu

 

𝜎𝑏
2 𝜎𝑏

𝜌

𝑑eff

𝑁eff

𝑁eff

𝑁eff
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QIC

QICu
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𝜎𝑒
2 𝜎𝑏

2

𝜌

𝑁eff

 



𝜎𝑒
2 

𝜎𝑏
2 𝜌 𝑁eff

 

SAR𝑒𝑟𝑟
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SAR𝑒𝑟𝑟

GAM𝑒𝑟𝑟
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GAM𝑒𝑟𝑟
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https://en.wikipedia.org/wiki/Pat_Moran_%28statistician%29


39 

 

 



40 

 

 



41 

 

 



42 

 

 

 

 

 



43 

 

 

 



44 

 



45 

 



46 

 



47 

 



48 

 

 

 

 

 

 

 



49 

 

 

 

 

 
 

 

 

 



50 

 

𝑁eff
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𝑁eff



59 

 

 

 

 
 

 

 

 

 

 

 



60 

 

 



61 

 

 

 



62 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



63 

 

 

 


