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Part of a larger collaborative to develop products valuable to the 2021 Research 
Track Assessment (RTA)

(Lowman, Mercer, Manderson, Rago on RTA Working Group)

1) Technical and economic aspects of northern shortfin squid (Ilex illecebrosus) 
processing and marketing essential for interpreting fishing effort and catch as 
indicators of population trend and condition (Completed)

2) Harvester perspectives on ecological, economic and social factors driving Ilex 
illecebrosus landings in US waters (Ongoing)

3) Analysis of pulses of immigration of Ilex illecebrosus into the fishery within framework 
of a generalized depletion model with an open population assumption (Ongoing)

4) Standardized fishery LPUE/CPUE developed using standard FDD and NOAA 
Cooperative research study fleet data (Ongoing)

5) Mental model of ecological & human dimensions of  Illex fishery system. (Ongoing)

6) Plausible bounds to availability & net efficiency for fishery & survey (this work)



  

Why focus on the availability (v) of & net efficiency 
(q) for Illex to the NEFSC survey & US fishery?

“Rago 2021. Indirect Methods for Bounding Biomass 
and Fishing Mortality for Illex Squid and Implications 
of an Alternative Quota in 2022.  Rept. to SSC”

Provide Rago with plausible bounds 
for vfishery, qfishery, vsurvey, qsurvey



  

Expanded update to Lowman’s 2021 
work on availability to the fishery 
(framework developed at Industry organized & hosted 
November 2019 Illex summit)

Feature Lowman et al.  2021 Manderson et al. 2021

Surveys for training & testing US surveys & NOAA 
Study fleet

US + DFO Canada
FI trawl surveys 

Modeling Framework VAST (Delta model with 
binomial GLMM)

binomial GAMM

Evaluation of prediction accuracy 10 fold cv + ROC

Availability estimate vf vf & vs 

Net efficiency estimate (expert opinion) qf & qs 



  

Availability Estimates
Approach

● Develop Species Distribution Model (SDM) using available US 
& Canadian fishery independent bottom trawl survey data

● Evaluate prediction accuracy of SDM & determine thresholds 
for classification of species distribution areas (SDAs)

● Use SDAs along with fishery and survey footprints to estimate 
availability to fishery (vf) and the NEFSC survey (vs)



  

Survey data used to train & evaluate SDM
(2008-2019: All surveys performed 2008.  2019 pre-covid)

1st half
Feb-June

2nd half
July-Nov

GS North wall
(5/6/2021)

200m isobath

June 27
DOY=178

Timing of surveys

Squid abundant slope sea where there is no survey data 
(Rathjen, 1981; Vecchione & Pohle, 2002; Harrop et al, 2014; 
Shea et al, 2017)



  

Final GAMM model with lowest AIC

Use generalized additive mixed models 
with survey as random effect to integrate 
data from multiple surveys.  



  

GAMM Residuals

Are basis dimensions (=wiggliness) of 
smoothers appropriate?



  

 

10 fold cross validation: Train model with random selection of 90% of the data.  Use remaining 10% to compare 
prediction against observations. Perform Receiver Operator Characteristic (ROC) analysis of confusion matrix 
developed over range of occupancy probability thresholds.  Repeat 10 x’s
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Negative-positive
Predictive valueROC curve

 

# true pred.
# obs in class

# true pred.
# obs in class + # false pred

Model cross validation-evaluation



  

Predictions

Predictions classified using 
predictive value threshold (0.7)

Developed distribution areas 
using

Sensitivity-specificity &
Predictive value threshold

Predictions
Prediction - SE

Predictions + SE

Probability 
of occupancy

1st half 2019  2nd half 2019



  

Spatial errors in prediction
2nd half of year 2008-2019
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Sensitivity-specificity threshold=0.29 Predictive value threshold = 0.7

 Higher frequency false negatives Higher frequency false positives



  

1st half of year 2nd half of year

Sensitivity-specificity threshold
Predictive value threshold

prediction
+/-SE

Estimates of species distribution area from SDM using thresholds



  

Footprint of directed fishery & incidental catch estimated using VTR data
(Any cell with directed or incidental catches of illex)

Median

2008 2014

2016 2019



  

Sensitivity-specificity threshold
Predictive value threshold

prediction
+/-SE

Estimated availability to the 
Fishery (Vf)

Developed with classified “fall” 
projections of SDM



  

Sensitivity-specificity threshold
Predictive value threshold

prediction
+/-SE

Estimated availability to NEFSC survey  (“Spring” and “Fall” Vs) 
offshore strata 1-30, 350, 351, 36-40 and 61-76 (Area estimate 209,670km2).



  

Net efficiency estimates in the fishery (qf) and NEFSC survey (qs)
developed using expert opinion

● Question:“What percent of squid under the boat do you think you 
catch in your cod end”

● q fishery (N=13 experts in fishery: Goodwin’s, Axelson’s, Ruhle’s (N=3), Knight, 

Lackner, Bright, Conrad, Sawyer, Wise)
– Median = 0.25; 95% CI= 0.178, 0.363; Range=0.02-0.85

● q survey (N= 5 experts.  Worked in Illex fishery, part of NTAP, worked with Bigelow 
net in field.  Roebuck, Ruhle’s (N=2), Gartland, Knight)

– Median = 0.075; 95% CI=0.0318, 0.121; Range=0.02-0.2



  

Parameter Plausible upper bound

V fishery 0.011
V survey fall 0.427
V survey spring 0.288
q fishery 0.363
q survey 0.121

Why vs & vf are overestimated here

(Note: Canadian fishery not considered but  available 
information indicates it is primarily an artisanal jig fishery 
conducted with small boats (<36ft) in Newfoundland)

(Lowman 2021: vfishery = 0.014 to 0.363, 
using US survey data alone in VAST)

- SDM not inclusive of shelf slope sea or areas to 
north east of Scotian Shelf squid are known to occupy

- Illex are pelagic: Ours is a 2 dimensional approach
 to a 3 dimensional problem

- Plausible upper bounds calculated using areas 
developed with predictive value threshold

- US fishery area calculated using cells where any 
directed or incidental catch of squid was reported
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