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Outline

• Introduction to point processes and data fusion
• (Simulation Study)
• Application: NARW in Cape Cod Bay

• Modeling framework
• Key assumptions

• Results
• Extensions



NARW

• For right whales, we are fusing two data sources (aerial sightings 
and PAM) that relate to a spatial point pattern



Point Processes for MM Data Aren’t New

• Schweder 1974
• Hedley and Buckland 2004
• Waagepetersen and Schweder 

2006
• Johnson et al. 2013
• Yuan et al. 2017



NARW

• For right whales, we are fusing two data sources (aerial sightings 
and PAM) that relate to a spatial point pattern

• Have to first consider how the data relate to this point pattern
• We assume a single unobservable

• True point pattern (𝑆), i.e., the locations of whales &
• True intensity surface (𝜆(𝒔)), for which the point pattern 𝑆 arises

• Each data source provides a partial realization of the full point 
pattern
• Each is a thinned version of 𝑆 with its own thinning mechanism 



True Intensity Surface & Point Pattern
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Thinning/Degradation to Observations, aka
“Approximation of Reality”
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NARW in Cape Cod Bay



Real CCB Data
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Key Assumptions

• Underlying spatial process that is…
• Fixed in time—snapshot 
• Detection (thinning) functions are known
• Ancillary DTAG data help with:

• Availability
• Call rate 

• Could fix these
• Could assign priors



𝑁𝑘 are the detected calls

𝑦𝑖 are ancillary calls from DTAG

𝑧𝑗 are ancillary surfacings
from DTAG𝑆𝑙 are the locations of NARW 

observed from plane

Full Likelihood



Assumptions on Call Rate and Abundance

Data, known well

Parameter, easy to estimate

Parameter, assume knowledge*

Det function, known well 
(Palmer et al. 2022)

Parameter, want to learn

*Ideally, we’d learn 𝑐𝑠,𝑡 but that’s too rich a specification for these data



Results



Estimated NARW Abundance (Schliep et al., 2024)
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Spatial Inference—Relevance to Serious Injury
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Extensions  & Other Areas



Extensions—Incorporating Prey (Kang et al., 2025)

Building from 
Castillo-Mateo 

et al. (2023)

Building from 
Schliep 

et al. (2024)



Extensions, continued

• Spatial to spatio-temporal is hard because only continuous data 
(PAM) don’t identify individuals

• With localized calls, you could develop and fit a spatial-temporal 
point process model (we’re working on this), but…

• …latent intensity represents spatio-temporal patterns of calls, not 
individuals

• Spatial to spatio-temporal is hard without:
• Underlying movement model
• Linking calls to specific individuals
• Behavioral- & individual-specific call rates



Application to Other Systems

• Anywhere with similar data structures
• Line transect data
• PAM Array
• Ancillary data on availability help to inform 𝜋
• Ancillary data on call rates help to inform 𝑐

• Southern New England – NARW (Laura Ganley, NEAq)
• Monterey Bay – Harbor porpoise (Eiren Jacobson, St Andrews)
• Gulf of Maine – NARW (Anita Murray, State of Maine)
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Questions?

Credit: Dr. John Durban, WHOI, NOAA, 
SeaLife Response, Rehabilitation and Research; 
under NMFS Research Permit #17355. 



Simulation Study
Inspired by CCB



Simulated Point Pattern



Estimating True Intensity Surface



Summary



Simulation Results

More Hydrophones



Other Methods

• Calibration between aerial-
acoustic overlap days

• No process model
• Whales ~ intercept + calls

Garcia et al. (2025), ESR 56:101-115



Extra Slides





Thinning Equations

• Distance Sampling

• Acoustic



Detection Probabilities
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Sightings from 
Aerial Line 

Transects (CCS)

Visual Sighting 
Detection Function 
(Ganley et al. 2019)

Up-calls
(Clark)

Acoustic Detection 
Function (Palmer 

et al. 2022)

Availability from 
DTAG dive data 

(Susan Parks and 
Dave Wiley)

Call rates from 
DTAGs (Susan Parks 

and Dave Wiley)
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