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Oceanographic Indicators - Takeaways 

Identified a suite of environmental variables 
which may serve as indicators of: 

1. Illex habitat condition 
2. Areas of increased productivity

Implications for: 

1. Identifying areas of Illex aggregation
2. Understanding distribution and availability 
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➔ Northeast US shelf is a dynamically complex 

region

➔ Seasonal/interannual variations in oceanic 

and atmospheric conditions result in 

variability in 

◆ Timing, location, and magnitude of 

biological and physical features

➔ Changes in the latitudinal position, strength 

and seasonality of the shelf-break front can 

◆ Alter nutrient supplies, affect primary 

productivity

Background
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Northeast Continental Shelf
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➔ Goal: Identify spatiotemporal patterns of Illex catch in 
relation to oceanographic processes 

➔ Objectives :
1. Analyze patterns in oceanographic conditions relative to 
catch rates 
2. Develop oceanographic indicators to support in season 
assessment 

Motivation

Image courtesy of: Lowman et. al 2021
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TOR 4: 
● Characterize annual and weekly, in-season spatio-temporal 

trends in body size based on length and weight samples 
collected from the landings by port samplers and provided by 
Illex processors. Consider the environmental factors that 
may influence trends in body size and recruitment. If 
possible, integrate these results into the stock assessment. 
○ GAM results identify relationships between catch per unit 

effort and environmental factors
○ Resulting indicators may be useful for GDM hypothesis 

development and validation, 
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TOR 6: 

● Describe the data that would be needed to conduct 
in-season stock assessments for adaptive management and 
identify whether the data already exist or if new data 
would need to be collected and at what frequency.
○ Results may help to identify the types and frequency of 

oceanographic data that exist and will continue to be collected 
going forward.
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Generalized additive models

 Image courtesy of the NOAA Office of Ocean Exploration and Research 
via  Deep Connections 2019 expedition.

Combine data streams 
Visualize patterns 

Generate Hypotheses

Methods
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General Hypotheses
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➔ Frontal dynamics (abundance/distribution/growth/aggregation)

➔ Warm core rings (immigration, mortality, emigration)

➔ Fronts and WCRs (aggregation/abundance/growth/distribution)

➔ Bottom temperature (emmigration, growth, aggregation)

➔ Slope water composition (immigration/emigration)

General Hypotheses
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Response variable: Catch data 
● Dataset: 

○ Combined Study fleet and Observer data spanning 2008-2020
○ Nominal CPUE from wet boat fleet 
○ Non-directed trips

● Rationale:
○ High resolution haul level VTR data

■ A. Jones et. al 2020 found that study fleet CPUE patterns were  similar to other data sets, this 
work showed SF could be used to track trends

○  Wet boats may be more likely to capture environmental signal compared to freezer 
boats
■ B. Lowman’s analyses found fleet differences 

● Likely due to differential processing capacity 

○ Identify areas of low catch to get a more complete picture of spatial range/aggregation 
of Illex
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Explanatory variables: Oceanographic data  

● Fronts 
○ Proportion of pixels identified as a front surrounding shelf break

● Warm Core Rings
○ Ring footprint (including lags)
○ Orientation to fishing point

● Slope/shelf conditions
○ SST mean, sd, anomalies
○ CHL mean, sd, anomalies
○ Bottom temperature
○ Salinity 
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* Animation credit: SIRATES blog , 
* Annotated JC chart: Gangopadhyay et al. 2020

https://sirates.sites.umassd.edu/
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TOR 4: 

● Generalized Depletion 
Modeling (GDM)

○ Identify oceanographic 
signature for dates of catch 
perturbations 

○ Contribute to biological 
realism component of 
hypothesis development

● Hidden Markov 
Models (HMM)

○ Inferences about system states
○ Covariates can affect mean 

states of the system
○ Covariates can inform 

transition probabilities

(Rago 2021)

(Manderson et al. 2022) 

(Image credit: Kim Hyde)
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TOR 6: 
• Automation and validation of current data streams 

• Oceanographic indicators and mechanistic drivers

• Continued and enhanced collaboration with science and industry

* Animation credit: SIRATES blog (Image credit: Kim Hyde)

https://sirates.sites.umassd.edu/
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Conclusions & Takeaways 

Identified a suite of environmental variables with 
significant associations to CPUE: 

1. Illex habitat condition : 
a. BT, Ring Footprint Index

2. Areas of increased productivity
a. CHL fronts, salinity, orientation of ring, sd SST 

Potential for future assessments: 

1. Identifying areas of Illex aggregation
a. Mechanistic drivers

2. Understanding distribution and availability 
a. Ingress/egress events 
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Thank you!
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Diagnostics
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Year x Week 
Year (as factor), week (as factor) 2011:2020tensor(year, week) 2008:2020

 * excludes 2009
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Details - Methods



Exploring data

*

*

*

*

*

*



Exploring data

*

*

*

*

*

*





U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 36

Oceanographic variables  

● Frontal Metrics 
○ BOA algorithm to compute 

gradients (Belkin & O’Reilly, 
2009)

○ Applied a threshold to 
gradients to determine front
■  Δ

GRAD_SST
 >= 0.4 ℃

■  Δ
GRAD_CHL

 >= 0.06 mgm-3  

● Frontal pixels (F
valid

): 
number of days pixel was 
identified as a front (> 
threshold, 0.4℃)

Image credit: Kim Hyde NEFSC
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Proportion of pixels that were identified as a front in the 
shelf break region 

(40 km on either side of shelf break)

> 5Ze <- mean(fvalid[[1]] > 0)
[1] 0.28675
> 5Zw <- mean(fvalid[[2]] > 0)
[1] 0.2205246
> 6a <- mean(fvalid[[3]] > 0)
[1] 0.1801763
> 6b <- mean(fvalid[[4]] > 0)
[1] 0.3876345
> 6c <- mean(fvalid[[5]] > 0)
[1] 0.3141979
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Slope Occupancy/Footprint by Region(Zone)



Slope Occupancy/Footprint by Region(Zone)



Slope occupancy/footprint by Region(Zone)

Slope Occupancy Region 1: Lag 3 months 

Slope Occupancy Region 2: Lag 6 months 



Salinity smooths varying depths
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General Hypotheses


