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Role	
  of	
  jackals	
  in	
  rabies	
  maintenance	
  

•  Lembo	
  et	
  al.	
  2008	
  found	
  that	
  domes3c	
  dogs	
  are	
  the	
  only	
  
rabies	
  maintenance	
  popula-on	
  in	
  the	
  Serenge3.	
  

•  Rhodes	
  et	
  al.	
  1998	
  found	
  rabies	
  to	
  be	
  sub-­‐cri-cal	
  for	
  
jackals	
  in	
  Zimbabwe.	
  	
  	
  

Lembo,	
  Tiziana,	
  et	
  al.	
  "Exploring	
  reservoir	
  dynamics:	
  a	
  case	
  study	
  of	
  rabies	
  in	
  the	
  Serenge3	
  
ecosystem."	
  Journal	
  of	
  Applied	
  Ecology	
  45.4	
  (2008):	
  1246-­‐1257.	
  

We	
  inves3gate	
  condi3ons	
  for	
  rabies	
  maintenance	
  in	
  jackals	
  
in	
  Etosha	
  Na3onal	
  Park,	
  Namibia.	
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Resource-­‐driven	
  encounters	
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Steve	
  Bellan’s	
  	
  
Question	
  

Can anthrax “cause” rabies?

?	
  



Concepts	
   •  pathogen invasion 

•  spillover introductions

•  how resources effect pathogen spillover (that I just told 
them about) 

•  How resource availability effects the host

•  Mediated by encounter rates so we initially focus on this.

Suscep3ble	
  
Infec3ous	
  

Suscep3ble	
  
	
  

	
  
Infec3ous	
  

Spillover	
  introduc3on	
   Pathogen	
  invasion	
  

	
  
Develop	
  a	
  consumer-­‐resource	
  model	
  for	
  the	
  target	
  
popula3on	
  and	
  quan3fy	
  its	
  encounter	
  rates.	
  	
  

Maintenance	
  	
  
popula3on	
  

Target	
  popula3on	
   Target	
  popula3on	
  

Our	
  challenge	
  -­‐	
  



Resource-­‐driven	
  encounters	
  	
  

focal	
  consumer	
  
	
  

Non-focal consumers and resources are 
distributed uniformly on a landscape as 
spatial Poisson processes with intensities 
one and   . The distance between the focal 
consumer and the ith resource is     .

Fig. 3: Concept
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Non-focal consumers and resources are distributed 
uniformly on a landscape as spatial Poisson processes 
with densities one consumer per unit area and  
resources per unit area.	
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Model	
  assumptions	
  
•  Spa3al	
  
•  Random	
  distribu3on	
  of	
  both	
  the	
  non-­‐
focal	
  consumers	
  and	
  resources	
  

•  Consumers	
  
•  	
  have	
  a	
  limited	
  range	
  of	
  observa3on	
  	
  
•  prefer	
  to	
  visit	
  the	
  nearest	
  resource	
  
they	
  observe	
  

•  respond	
  to	
  resources	
  independently	
  of	
  
other	
  consumers	
  

•  are	
  sa3ated	
  aber	
  visi3ng	
  a	
  resource	
  



Regions	
  of	
  attraction	
  	
  

Voronoi	
  diagram	
  
•  Each	
  polygon	
  contains	
  exactly	
  one	
  resource.	
  
•  For	
  a	
  given	
  resource,	
  every	
  consumer	
  that	
  is	
  

located	
  in	
  the	
  same	
  polygon	
  as	
  the	
  given	
  
resource	
  chooses	
  that	
  resource	
  

focal	
  consumer	
  
	
  

resource	
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“A	
  par33oning	
  of	
  a	
  plane	
  into	
  regions	
  based	
  on	
  
distance	
  to	
  points	
  in	
  a	
  specific	
  subset	
  of	
  the	
  plane.	
  	
  
That	
  set	
  of	
  points	
  is	
  specified	
  beforehand,	
  and	
  for	
  
each	
  seed	
  there	
  is	
  a	
  corresponding	
  region	
  consis3ng	
  
of	
  all	
  points	
  closer	
  to	
  that	
  seed	
  than	
  to	
  any	
  other.“	
  

	
   	
   	
   	
  	
  

	
   	
   	
   	
  -­‐	
  Wikipedia	
  



First	
  result:	
  non-­‐monotonicity	
  	
  

Detec3on	
  distance	
  



Second	
  result:	
  detection	
  distance	
  matters	
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Resource intensity
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Pathogen	
  invasion	
  
Maintenance	
  popula3on	
   Target	
  popula3on	
  

	
  

Suscep3ble	
  
Infec3ous	
  

Suscep3ble	
  
	
  

Spillover events are
modeled as a Poisson process with rate                  . 	
  

	
  
Infec3ous	
  

Successful pathogen invasion: when a spillover event produces a lineage which 
does not go extinct before reaching a quasi-stationary state.
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CTMC 	
  	
  	
  
SIS	
  Model	
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Connecting	
  back	
  to	
  rabies	
  in	
  
Etosha	
  jackals…	
  

Spillover	
  introduc3on	
  

Pathogen	
  invasion	
   Maintenance	
  popula3on	
   Target	
  popula3on	
  

Target	
  popula3on	
  

?



How does                           compare to        ?

Jackal	
  system	
  

Establish:

1.  Is	
  the	
  system	
  sub-­‐cri3cal	
  or	
  
supercri3cal	
  before	
  resource-­‐driven	
  
encounters	
  

2.  What	
  is	
  script(E)	
  possible	
  peak	
  (how	
  
does	
  -­‐-­‐-­‐	
  compare	
  to	
  -­‐-­‐-­‐-­‐)	
  

*	
  data	
  

R0 =
b

⌫
=

1

1.4
⇡ 0.7

Rhodes	
  et	
  al.	
  (1998)	
  "Rabies	
  in	
  Zimbabwe:	
  reservoir	
  dogs	
  and	
  the	
  implica3ons	
  for	
  disease	
  control."	
  
Philosophical	
  Transac7ons	
  of	
  the	
  Royal	
  Society	
  B.	
  

Since                , rabies is sub-critical.	
  

b+ pinf · E
⌫

(rabies is sub-critical)	
  

b

⌫

Question:

b+ pinf · E
⌫

= prob. of infection
= # resource-driven encountersb+ pinf · E

⌫

= probability of infection, given an encounter
= expected number of resource-driven encounters



Calculating	
  a	
  temporal	
  
reproduction	
  number	
  	
  

Resource	
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Addi3onal	
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Addi3onal	
  
infec3ons	
  

Detec3on	
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Resource	
  intensity	
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Time	
  scale	
  of	
  reference	
  

carcass	
  observed	
  

“carcass	
  ac3ve	
  interval”	
   ~	
  one	
  week	
  

Data	
  Credit:	
  Bellan	
  et	
  al.	
  2012,	
  Namibian	
  Ministry	
  of	
  Environment	
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  Etosha	
  Ecological	
  Ins3tute	
  	
  



#	
  of	
  carcasses	
  
	
  

#	
  of	
  jackals	
  

focal	
  consumer	
  

consumer	
  

resource	
  
	
  

Detec3on	
  
distance	
  Carcass	
  visita3on	
  



Calculating	
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  temporal	
  
reproduction	
  number	
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Simulation	
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Calculating	
  a	
  temporal	
  
reproduction	
  number	
  	
  

Resource	
  
intensity	
  

Addi3onal	
  
encounters	
  

Addi3onal	
  
infec3ons	
  

Detec3on	
  
distance	
  

pinf

Adjust	
  by	
  the	
  probability	
  of	
  infec3on	
  given	
  a	
  resource-­‐driven	
  encounter	
  (	
  	
  	
  	
  	
  	
  	
  	
  ).	
  pinf
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Resource	
  pulse	
  

Popula3on	
  is	
  vulnerable	
  
to	
  sustained	
  outbreaks.	
  

Pathogen	
  introduc3on	
  /	
  spillover	
  event	
  

Implications	
  for	
  invasion	
   Assump3on:	
  

In
fe
c3
ou

s	
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•  Disease	
  model	
  with	
  consumer	
  encounter	
  rate	
  
•  Inves3gate	
  approxima3on	
  methods	
  for	
  the	
  probability	
  of	
  invasion	
  

•  Move	
  from	
  es3ma3ng	
  suscep3ble-­‐suscep3ble	
  encounter	
  rate	
  to	
  
suscep3ble-­‐infec3ous	
  encounter	
  rate	
  
•  Rabies	
  virus	
  changes	
  behavior	
  
•  Improve	
  model	
  to	
  account	
  for	
  behavioral	
  changes	
  

Future	
  work	
  

⌫ = 1, b = 3⌫ = 1, b = 1.5
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