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Context
• Increasing whale entanglements in fixed fishing gear 

during the past decade along the US West Coast

• Relevant fishing gears: various trap/pot gear, mostly 
in State-managed fisheries (CA, OR, WA), especially 
for Dungeness crab (plus spot prawn, sablefish)



Context
• Fisheries are not observed/observable, so it 

has been difficult to estimate true MSI.

• Opportunistic reports of MSI (i.e., minimum 
known) have been used as the MSI values in 
Stock Assessment Reports, for comparison 
with PBR



Context

PBR and average annual Mortality and Serious Injury, 2016 – 2020, 
based on 2022 Stock Assessments (Carretta et al. 2023)

MSI totalMSI (fisheries)PBR

14.98.13.5Central America

22.1111.443Mexico

Central America = “Central America/Southern Mexico – CA/OR/WA” stock (also an Endangered DPS)

Mexico = “Mainland Mexico – CA/OR/WA” stock (part of a Threatened DPS)

Obsd MSI > PBR

True MSI > PBR?



Research question
• Can we obtain an accurate estimate of actual 

MSI for large whales affected by fixed gear 
off the US West Coast?



Research question
• General framework:

𝐶መ ൌ
𝑐
𝑝

𝐶መ = total entanglement
𝑐 = observed entanglements
𝑝 = detection rate

• Multiple approaches are being explored for  
for finding 𝑝, based on different data types



Research question
• Approach 1: Use photo ID data from 

HappyWhale catalog.

Assumption: probability of an entangled animal (e.g., in a 
year) is the same as the probability of observing any given 
animal within the same time period



Research question
• Approach 2: Use repeat sighting reports for 

entangled individuals

Remainder of presentation is based on this approach.





Mark-resight analysis of entanglement report data

• Repeat reports of entanglement individuals = encounter histories
• Occasion duration = 1 week

A   1000000000000000000000000000000000000000000000000000
B   1000110000000000000000000000000000000000000000000000
C   1000100110000000000000000000000000000000000000000000
D   1000000000000000000000000000000000000000000000000000
E   1000000000000000000000000000000000000000000000000000
F   1010000000000000000000000000000000000000000000000000

Example encounter histories from 6 whales



Mark-resight analysis of entanglement report data

257 total entanglement cases (encounter histories), 2014 – 2024

231 cases 82 cases

Filter out some 
fisheries & dead 

discoveries

𝐶መ ൌ
𝑐
𝑝

175 cases

2014 – 2024
11-year dataset

2020 – 2024
Most recent 5 years

60 cases

Filter out disentanglement efforts

Entanglement 
estimator

Cases used for the 
numerator

Cases used for 
estimating 

denominator



Mark-resight analysis of entanglement report data

• Cormack-Jolly-Seber survival model
• Parameters φ (“availability”) and q (“conditional detectability”)

sk = φkq probability of being seen in week k

uk = 1 – sk probability of not being seen in week k

𝑈 ൌ ∏ 𝑢௞௄ probability of never being seen (over a 52-week period)

p =  1 – U probability of being detected at least once



Results

• 18 (10.3%) of 175 cases involved >1 sighting
• 27 resightings total
• Max number of resightings = 4
• Latest resighting = 15th week



Results (Preliminary), 2020 - 2024

φ = 0.743 (0.042), q = 0.053 (0.015)

p = 0.190 (0.036); 0.131 – 0.273

C2020 - 2024 = 430.3 (81.6); 296 – 614

Cannual = 86.05 (16.3); 84 - 123

Used 2014-2024 dataset 
(175 cases) for estimating 
detection rate parameters 

and p

Used 2020–2024 data 
(80 cases) for 
numerator c𝐶መ ൌ

𝑐
𝑝

Entanglement 
estimator



Model fit
• Evaluated using a simulation approach 
• Used model estimates to generate 10,000 new datasets
• Each pseudo-dataset = 175 encounter histories (same as real data)
• Simulated encounter histories = Bernoulli variables based on estimated φ and q
• Summarize for each dataset: total number of resightings per occasion and per 

case, and proportion of individuals that were ever detected
• Pseudo-datasets looked like real data, suggesting reasonable model fit



Assumptions

(a)Animals in the sample have the same availability and detection rates as other 
entangled animals in the population.

(b)Entangled animals are not misidentified (e.g., a resighted animal is not 
labeled as a new animal).

This concerns accuracy of the numerator of: 𝐶መ ൌ ௖
௣ො

A vetting process developed by WCRO provides good assurance that we are using 
accurate values for c

Due to “survivorship bias”, we are likely underestimating true entanglement

Survivorship bias occurs because we only have data from the animals who were detected.  By 
definition, these animals are more detectable than the ones we never saw.  



Preliminary Estimates (2020 – 2024)

Total entanglement:
𝑝 = 0.190 (0.036)
𝑐 (5 years) = 80
𝐶መ (5 years) = 430.3 (81.6); 296 – 614
𝐶መ(annual) = 86.05 (16.3); 84 - 123

Mortality and serious injury

MSI (5 years): 344.24 (65.3); 237 – 491
MSI (annual): 68.9 (13.0); 67 - 98

MSI totalMSI (fisheries)PBR

14.98.13.5Central America

22.1111.443Mexico

Sum = 19.5

Annual Avg
2016 - 2020
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