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Background

Characteristics: highly contagious, respiratory transmission, lifelong immunity 
     (i.e. similar to SIR assumptions)

???

Dolphin morbillivirus (DMV) : same virus genus as measles

Marine mammals are 
challenging to study

Severe epidemics observed around the world

Population movements? 

Missed cases?



US outbreak 2013-2014

Last outbreak was 25 years ago… Why now?

# 
st

ra
nd

in
gs

Source: NOAA

> 1800 strandings  
(2013 - 2014)

true death toll could 
be even larger



Epidemic progression

NY

Rapidly 
spread from  

NY - FL 



Modeling aims

 infectious period

   reproductive ratio

Specific questions to answer: 

How transmissible is the disease?

How long is an individual infectious for?

How far can an infected individual travel?

Which areas are at greatest risk?

General idea: 

+ spatial component dolphin movement
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Data
Data = stranding events i.e. animals that wash up on shore:

latitude, longitude, date, condition, sex, … 

Challenge: how to separate DMV strandings from everything else?

But:   cause of death could be DMV               OR        something else 
                                                                                      e.g. injury, natural causes…

We want only disease-induced 
strandings in our model

x



   disease    =      outbreak strandings    -    average rate of strandings before outbreak 
                                                                
                                                                                                -   

1. Strandings from 2013 - 2014 outbreak 
     ‘disease’ + ‘background’ strandings

Data Preparation

2. Strandings from years before the outbreak (1996 – 2012) 
     only ‘background’ strandings

What we need:

1. Only ‘disease’ strandings from outbreak

What we have:

Basic idea: 

x
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Data Preparation

1. Strandings from 2013-2014 outbreak 
     ‘disease’ + ‘background’ strandings

2. Strandings from years before the outbreak (1996 – 2012) 
     ‘background’ strandings

What we need:

1. Only ‘disease’ strandings from outbreak

What we have:

AND…

✔

2. Population distribution estimate movement of susceptibles 



Bottlenose dolphin population: 5 main groups
Travel long 
distances 

according to 
season

Stationary, 
smaller

TOTAL: 26,300

Distribution along coast?

Seasonal mixing?

Source: NOAA

Population distribution

Challenge: how is the total population size (26,300) distributed along the coast?



Population distribution

Assume:   strandings      population size   i.e.

Use:   strandings from before outbreak  ( no virus        susceptible )

For each time, t, and latitude, l:

# dolphinst,l    =    total population size     x         # strandingst,l  
                                    (26,300)                              total # strandings         
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General idea

Model from seismology 
Ogata (1998)  
Ann. Inst. Stat. Math

clustering of aftershocks clustering of strandings

Earthquakes, meningococcal disease, 
predicting crime rates, …

Disease dynamics:

 infectious period

   reproductive ratio, R0

How transmissible is the disease?

How long is an individual infectious for?

How far can an infected individual travel?

Which areas are at greatest risk?
Spatial component:

S I R

?



We have estimates of: 
1. population distribution  
2. strandings due to disease

S I R
✔ ✔?

SIR model + spatial component + random noise

But:
Noisy & sparse

Solution: 

SIR assumption: individuals have constant rate of infecting others

Our assumption: transmission is a probability that changes over time and space

General idea
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S I R

Developing the model
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We have an approximation of: 
1. population distribution  
2. strandings due to disease

S I R
✔ ✔?

But: 
Noisy & sparse

✔✔
Time
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And finally…
Population number of casesIndividual probability of infection

Developing the model

SIR model + spatial component + random noise



xx

Total # new cases at time t and latitude l:

# infections 
over all time 

& space

g(t) f(l)

current 
probability of 
infection at t

current 
probability of 
infection at l

�t,l = R0

X Time
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x x

Total # new cases at (t, l) Repeat for every (t, l)

X
# cases from each infected dolphin at (t, l)�t,l =

Developing the model
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Results

S I R
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mean infectious 
period ~ 8 days

distance travelled ~ 
2 latitude degrees

measles ~ 7 days 
PDV ~ 11 days

previous work ~ 
120 - 350km
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Which areas are at greatest risk? 

Virginia beach, during summer migrations 

Conclusions
How long is an individual infectious for? 

~ 8 days

How transmissible is the disease? 

R0 < 1 in general, but can reach as high as ~ 3

How far can an infected individual travel? 

up to 2 latitude degrees 

Adapted SIR model can provide new insight into a 
poorly understood disease like DMV

S I R

?
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Want to find out more?

What triggers new 
outbreaks?

How widespread is the virus?

Data (.csv file) available at: 
https://github.com/SineadMorris/Dolphin-morbillivirus

Full details of model, analysis etc: 
http://rsif.royalsocietypublishing.org/content/
12/112/20150676
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Morbilliviruses cause major mortality in marine mammals, but the dynamics
of transmission and persistence are ill understood compared to terrestrial
counterparts such as measles; this is especially true for epidemics in cetaceans.
However, the recent outbreak of dolphin morbillivirus in the northwestern
Atlantic Ocean can provide new insights into the epidemiology and spatio-
temporal spread of this pathogen. To deal with uncertainties surrounding
the ecology of this system (only stranded animals were observed), we develop
a statistical framework that can extract key information about the underlying
transmission process given only sparse data. Our self-exciting Poisson process
model suggests that individuals are infectious for at most 24 days and can
transfer infection up to two latitude degrees (220 km) within this time.
In addition, the effective reproduction number is generally below one, but
reaches 2.6 during a period of heightened stranding numbers near Virginia
Beach, Virginia, in summer 2013. Network analysis suggests local movements
dominate spatial spread, with seasonal migration facilitating wider dissemina-
tion along the coast. Finally, a low virus transmission rate or high levels of
pre-existing immunity can explain the lack of viral spread into the Gulf
of Mexico. More generally, our approach illustrates novel methodologies for
analysing very indirectly observed epidemics.

1. Introduction
In July 2013, an outbreak of dolphin morbillivirus (DMV) was officially declared
along the northwestern (NW) Atlantic coast of the United States and has
since been implicated in the stranding of over 1600 common bottlenose dolphins
(Tursiops truncatus, hereafter referred to as bottlenose dolphin). DMV, a member
of the Morbillivirus genus that also includes measles, rinderpest, phocine distem-
per virus (PDV) and canine distemper virus, infects at least 14 odontocetes species
worldwide and is a major cause of morbidity and mortality [1–5]. The current
outbreak has been declared an unusual mortality event (UME) due to the high
number and unexpected nature of the strandings that have occurred [6]. In fact,
this outbreak represents the largest number of bottlenose dolphin strandings
reported in the NW Atlantic since the last recorded DMV epidemic in

& 2015 The Authors. Published by the Royal Society under the terms of the Creative Commons Attribution
License http://creativecommons.org/licenses/by/4.0/, which permits unrestricted use, provided the original
author and source are credited.
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