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Recap of Previous Sections
• Density data: Decreasing to the south. Higher at the Farallon 

Islands. 

• Length data: Recruitment south of 40° 10' N. Lat, larger fish at the 
Farallon Islands and to the north.

• Habitat Area Estimates: CMECS (State and Federal Waters) and 
CSMP (State Waters).

• Fish lengths converted to weights using length/weight 
relationships from the assessment. 



Expansion Frame
• Latitude: Oregon/California to Point 

Sur

• Depth: 20 m to 90 m

• Density: All bottom types observed 
by the ROV over transects

• Conservative Expansions

• No depth stratifications since no 
distinct breaks

Depth (m) Fish Density (Fish/Square Meter) Transects Sampled
0-10 0 0 0
10-20 2 0.000196724 10
20-30 46 0.000338732 153
30-40 164 0.001122868 155
40-50 332 0.002180902 167
50-60 382 0.002450196 173
60-70 314 0.002834064 131
70-80 74 0.001417482 55
80-90 43 0.000618206 66
90-100 3 0.000161173 19
100-110 0 0 6
All Depths 1360 0.001613925 935

Latitude (Degrees) Fish Density (Fish/Square Meter) Transects Sampled
41-42 478 0.003689607 155
40-41 149 0.002456499 59
39-40 158 0.002166626 81
38-39 260 0.001799346 177
37-38 290 0.001528266 178
36-37 25 0.000127114 206
35-36 0 0 79
34-35 0 0 0
Oregon Border to 
Point Conception 1360 0.001613925 935



Stratification Schemes
1.) Oregon/California Border to Point Sur

2.) Oregon California to 40 deg 10 min N. Lat, 40 
deg 10 min N. Lat to Point Arena, Farallon Islands, 
Point Arena to Pigeon Point, Pigeon Point to Point 
Sur

3.) Oregon California to Point Arena, Point Arena to 
Point Sur, Farallon Islands

4.) Oregon California to 40 deg 10 min N. Lat, 40 
deg 10 min N. Lat to Point Arena, Point Arena to 
Point Sur

5.) Oregon California to Point Arena, Point Arena to 
Point Sur



Calculations
• Numbers of fish = Density x Area 

• Biomass = Density x Area x Average Weight

• Bootstrapped estimates of the mean and confidence intervals



Bootstrapping Illustration

PC: Builtin.com (https://builtin.com/data-science/bootstrapping-statistics)
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BootsrappedDist Density
(�̂�𝜇, R = 10000) x    Surface Area Bootstrapped Dist Fish Counts

Fish Count Lower CI    = Quantile(Bootstrapped Dist Fish Counts, 0.025)

Fish Count Upper CI    = Quantile(Bootstrapped Dist Fish Counts , 0.975)

Percentile Method

Fish Count Confidence Intervals



Bootstrapped Dist Fish Counts
Bootstrapped Dist Weight

(�̂�𝜇, R = 10000)
  

Bootstrapped Dist 
Biomass

Biomass Lower CI    = Quantile(Bootstrapped Dist Biomass, 0.025)

Biomass Upper CI    = Quantile(Bootstrapped Dist Biomass , 0.975)

Percentile Method

(element-wise multiplication)

Biomass Confidence Intervals

x



Area A 
Bootstrapped Dist 

Biomass 

Area B 
Bootstrapped Dist 

Biomass 
+

Area A & B 
Bootstrapped Dist 

Biomass 

Percentile 
Method



Stratification Scheme 1: OR/CA Border to Point Sur
• Number of fish increased, while metric tonnage decreased
• Recruitment south of 40 deg 10 min N. Lat in 2020 causing decline 

when not stratified due to lower average weight



Stratification Schemes 2 and 3
• Missing 2015 average weight at the Farallon Islands, proxy 2020
• Missing density south of Point Sur outside MPAs in 2015, used 

inside MPA as proxy



Stratification Schemes 4 and 5
• Combined area south of Pigeon Point and Farallon Islands with 

the rest of the area south of Point Arena
• Lower estimates than Schemes 1, 2 and 3



Confidence Intervals: Numbers of Fish



Confidence Intervals: Biomass



Trends Observed
MPA vs. Open
• Increasing in both, but greater in MPAs
• Densities vary due to depth or 

latitude, but typically higher in MPAs.  
• Site selection or accumulation of 

biomass due to closure

Over Time
• Increasing trend in total and inside vs. 

outside
• Numbers increase in all scenarios; 

biomass decreases in scenario 1 due 
to smaller fish in the south



Scale Comparison to Assessments
• Potential Causes for 

Discrepancy
• Unreported encounters, 

ID, Uncommon, 
Undesirable

• Sampling frame for MPA 
and Reference sites – 
need more sampling

• Seafloor Habitat Area 
Resolution – need higher 
resolution in Fed waters.



Incorporation in Assessments
• Awareness informing 

interpretation of sensitivities 
related to scale

 
• Relative indices of 

abundance

• Adjustments to scale 
through catchability

• Length composition data



Stand Alone Application

• Fmsy Proxy * Biomass to provide 
OFL with Category 3 buffer to 
ABC

• Regional Management

• None Observed South of Point 
Sur
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