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• Length compositions from the 2017 and 2018 Eastern 
Bering Sea shelf survey, and 2018 Aleutian Islands 
survey. 

• Biomass point-estimates and standard errors from the 
2017 and 2018 Eastern Bering Sea shelf surveys, and 
2018 Aleutian Islands survey.

• Fishery size compositions for 2017 and 2018. 
• Estimates of catch through October 19, 2018. 
• Estimated total catch of 6,387 t for 2018 and 10,878 t for 

2019. 
• Age data from the 2016 and 2017 Bering Sea shelf and 

the 2012 and 2016 Aleutian Islands surveys.
• The final model did not include Bering Sea slope survey 

data for 1979-1991.

Changes in the input data
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• The model uses a smoothed length-age conversion 
matrix that corrects for stratified sampling.

• The model uses an ageing error matrix to account for 
error in age reading.

• Eastern Bering Sea slope data from 1979-1991 was 
excluded based on concerns about methodology and 
species identification.

Changes in the assessment 
methodology
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Catch prior to 2008 was extrapolated
as 10% of total catch of arrowtooth+Kamchatka
flounder

Arrowtooth flounder catch 1970-2018
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10% in the Aleutians, 82% on the Bering Sea shelf, and 8% on 
the Bering Sea slope no change when old slope data removed.

Random effects model fit to survey data

Bering Sea shelf

Bering Sea slope (2002-2018)Bering Sea slope (all years)

Aleutian Islands
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Sex ratio closest to 50% in the Aleutian 
Islands
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Bottom temperature relationship to q 
on the shelf survey
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15.1b Base model – same as 2015 model.
15.1c Base model with smoothed length age conversion 

matrix and updated weight at age
18.3 Model 15.1c with an ageing error matrix.
18.6 Model 15.1c with length-based survey selectivity.
18.9 Model 18.3 with early years of slope survey 

removed (1979-1991). 

Five models were evaluated, including 
3 of the 6 presented in September
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Flatfish CIE Review April 2017
• Fewer parameters. 
• More age data.
• Explore male/female natural mortality.
• Issues with integrating 3 surveys.
• Temperature relationship on EBS shelf catchability -

significant?
• “The main weakness of the assessment in terms of 

assessing stock status is in understanding the stock 
dynamics immediately preceding the assessment period.” 
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November 2016 Plan Team
• Consider smoothing the age length conversion matrix.
• Ensure that selectivity parameters are not on bounds 

without reason.

• Some additional work is indicated for the preferred model for next 
year’s assessment. 

• Authors were concerned that some selectivity parameters may be 
at or near their boundaries. 

• They suggested investigating this by considering alternatives for 
the degree of dome-shaped selectivity curves for the EBS survey.

• Consider smoothing the age-length conversion matrix. 

Comments from December 2016 SSC
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Model 15.1c:
Base model with smoothed length 
age conversion matrix and updated 
weight at age
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Length-age conversion matrix: 
Smoothed relationship between age 

and length data
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Males

Females

Length-Age conversion matrix
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Updated length-weight relationship
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Model 18.3:
Model 15.1c with an ageing error 
matrix.
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Ageing error matrix
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Model 18.6:
Model 15.1c with length-based 
survey selectivity.
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Only two/four parameters were required 
for the selectivity curve for each survey 
(rather than four/eight if selectivity is by 
sex and age). 

Logistic selectivity was then converted 
back to selectivity by age using the length 
age conversion matrix, separately for 
each sex.

Length-based selectivity
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Models 15.1b, 15.1c, 18.3, 18.9 Model 18.6

Selectivity
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Pros: Fewer parameters.
Cons: 
• The size-based algorithm predicts that males 

will not move off the shelf until they are very 
large.

Length-based selectivity

• Unrealistically predicts 
more males on the shelf than 
females. It is more likely that 
movement off the shelf 
occurs at older ages and is 
associated with spawning.
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Length (cm)

Model 18.6



22

Model 18.9

Length (cm)
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Model 18.9:
Model 18.3 with early years of slope 
survey removed (1979-1991).
Age-based selectivity.
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Model 18.9Model 18.6

Higher fit to slope survey data.
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Statistics for evaluating the models
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Biomass time series by Model
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Biomass time series by Model
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Retrospective plot Model 18.9
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Retrospective difference

Rho: 0.02918
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Model 18.6 rho=0.1066Model 18.3, rho=0.07749

Model 15.1c, rho=0.1004Model 15.1b, rho=0.08615
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Fit to survey data
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Female spawning biomass in 2019: 
606,237 t, 14% higher than 
2018. 

Total biomass for 2019: 1,041,250 t, 
33% higher than 2018.

2019 ABC is 82,034 t, up from 
65,932 t for 2018.

Overall trends are fairly stable
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Summary



34

Arrowtooth flounder continue to be 
lightly exploited
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Estimated age 1 recruitment
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Strong 2016 year class 
(Bering Sea shelf)
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Strong 2016 year class 
(Bering Sea shelf)
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Strong 2016 year class (model output)
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Aleutian Islands length frequencies
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Length 
frequency 

data by area
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Physical data taken from southern EBS 
shelf near arrowtooth spawning areas
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Relationship between cross-shelf 
transport anomalies (same year) and 

recruitment is significant
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..but it is driven by 2017 data point
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Relationship between bottom 
temperature anomalies (same year) 

and recruitment is not significant
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Conclusions – Questions?
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2014 2015 2016

EBS shelf environment
Bottom temperatures – 3 warm years



48

2014 2015 2016

Arrowtooth flounder
Survey distribution and abundance – 3 warm years
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2008 2009 2010

EBS shelf environment
Bottom temperatures – 3 cold years

2008 2009 2010
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2012 2009 2010

Arrowtooth flounder
Survey distribution and abundance – 3 cold years

2008
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Dorn, M.W., 1992. Detecting environmental covariates of Pacific whiting Merluccius productus growth 
using a growth-increment regression model. Fishery Bulletin 90: 260-275.

P(Length|Age)=P(Age|lLength)*P(Length)/P(Age)

Length-age conversion matrix
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In the Bering Sea, catchablity (q) has been 
found to vary with shelf survey bottom 
temperature (T):

where α and β are a parameters estimated by the 
model. 
In the GOA catchability q=1.

q = e-a+bT ,

Bering Sea shelf catchability
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Eastern Bering Sea
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Aleutian Islands
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Aleutian Islands, 0-100mm
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Aleutian Islands, 100-200mm
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Aleutian Islands, 200-300m
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Aleutian Islands, 300-500mm
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Aleutian Islands, 500-700mm
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Aleutian Islands, 700-1,500mm
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Eastern Bering Sea, 

100-200mm
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Eastern Bering Sea, 

200-300mm
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Eastern Bering Sea, 

300-500mm



64

Eastern Bering Sea, 

500-700mm
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Aleutian Islands
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Eastern Bering Sea
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• Arrowtooth flounder avoid cool pool water in BSAI <2C.
• Arrowtooth are an important predator of juvenile walleye 

pollock.
• Models suggest that a decline in walleye pollock biomass 

would be made worse by an increase in relative distribution 
of arrowtooth in the eastern Bering Sea middle shelf.

Spencer et al. ICES Journal of Marine 
Science. 2016.
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Figure 2. The relationship between the area occupied and cold pool area for arrowtooth flounder and juvenile walleye pollock (a and c, labelled by
year). Scatterplots of the bottom temperatures for the tenth (W) and 90th (+) percentiles of the distributions of available temperatures and the
catch-weighted temperature distributions are in (b) and (d). Temperature preference in indicated by deviations from the 1:1 line, and points below
the horizontal lines indicate species occurrence within the cold pool. Spencer et al. 2016.
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Fit to survey data
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Updated age-weight relationship


