This presentation reflects ongoing research and all content should be considered
preliminary. Please do not cite the presentation or its content without explicit
permission from the senior author.
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Right Whale 411

» Current population ~400-450 whales

» Pop. growth rate -2 to + 2%

» Surveys starting in 1980

» Calve every 3-6 yrs, Dec-Mar

» Most right whales range within 50 miles of coast

» Conservation challenges:
e Ship collisions
e Fishing gear entanglement
e Reproductive dysfunction



NA Right Whale Catalog

ePhoto-identification of
individuals

eContains > 46,000 sightings
(=>500,000 images) of over 500
Individuals (1935-present)

eUp to 30 years of life history
data on individual whales:
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Major Habitat Regions for Northern Right Whales

Late Summer

Early Spring
Fall

Late Spring Winter

Longitude



. e
Right Whale Mortalities Mumber of Vessel Calls
(1970 - 2005) 1983 - 2002

b ——
Shipsrike  Unknown i 20,000

Kilrmeters







Research Questions

What is the effect of these stressors
on an individual’s health?

In turn, what i1s the affect of health
on survival?

Where are animals when they are
not sighted?

Do animals in different habitats have
different health and survival?



PCAD model
From behavior to vital rates

Physiology Increased mortality
Fewer offspring

Behavior Increased offspring Reduced
change mortality condition/growth

Disturbance

Reduced energy intake
Movement ‘ Increasgd energy
expenditure

Increased predation risk




MODELING



Model framework

Effort
Health obs
Sighting

Health status hi s
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Process model

Change in health
status from aging

— Can include
entanglement or Effort
any other covariates Health obs

Survival depends on '8N
health and locations

— having different ship
traffic (noise, gear) Health status

Survivors move with
probabilities Age
determined by
environment,
season

Location

Survival

h it-1

Zit1

t t+1



Data models

e Sightings
— Effort
— Imputed survival
status Effort
— Imputed location He:_'t';:_’bs
— Individual 'shting
differences in
detection
e Health status Health status = h;,,
— Ordinal
multivariate logit Age
— Imputed health ) -
status Location it-1
Survival

t t+1



Health Observations

EGMo: 2029 (F), # of Photographs per Batch
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Inference

Actual health
status .

Factors affecting 25
change In health 2

Survival status

L=

L ocation 0

Effect of health and -
location on survival

0

0.22

0.24 0.26
Effect of Health on Survival

0.28
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Inference - population

Schick et al., in prep, Bayesian Anal



Applications of the Model

1. Schick et al., the modeling
framework

2. Amy Knowlton et al. - entanglement
and prop-scarring data

3. Roz Rolland et al. - health data



Manuscripts - Knowlton

e Detailed analysis of the entanglement
and prop-scarring data
— Entanglement severity and calving events

— Entanglement severity and re-sighting and
survival?

— Is there a different effect of prop wounds
vs. entanglement on health and survival?

— Where was the animal in the time interval
It could have been entangled?




Manuscripts - Rolland

Detailed analysis of all the health
status data

What’s the connection between VHA
and condition and survival?

Do whales In different habitats have
more/less condition?

Does calving change as a function of
condition?



Manuscripts — Subseguent

. Classifying the individuals into
movement/re-sighting phenotypes
(Hamilton)

. Do variations in prey availability and
abundance affect condition and
reproductive function (Mayo, Pershing,
Baumgartner)

. Movement — are there areas that are
associated with higher lethality
(Schick, Moore)

. Effects of sound on health (Clark)



From Inference to Management

« Knowledge of health and its effect on
survival may provide crucial insight into
where and when management will be
most effective:

— Ship strikes: by defining spatio-temporal
progression in/between zones

— Entanglements: where was the animal
before it showed up entangled?

— Acoustics: are animals in high-noise
environments less healthy ?

Schick et al., in prep, Bayesian Anal



From Inference to;_l\/lanagement

L
 Knowledge of heaith and Its effect on
survival may grovide crtcial insight into

where andwhen rahana@ment will be
most effective ""?

— Ship strikes: iy deflnlng spatlo temporal
progression 4,

y
— Entanglements: where was the animal
before it showed up entangled?

— Acoustics: are animals less healthy in high-
noise environments?
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