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Metapopula)on	  theory	  	  
	  	  	  

•  2	  important	  ecological	  concepts:	  	  
– species-‐area	  rela)onship	  -‐	  Watson	  (1859)	  
–  island	  biogeography	  	  -‐	  MacArthur	  &	  Wilson	  (1967)	  	  

•  patch-‐matrix	  and	  mosaic	  approaches	  	  

Area	  &	  
Isola)on	  

Coloniza)on	  
&	  Ex)nc)on	  



•  Metapopula)on	  
– A	  popula)on	  of	  popula)ons	  

Richard	  Levins	  



dp
dt
=mp 1− p( )− xp

p	  	  	  propor)on	  of	  occupied	  patches	  
m	  	  migra)on	  
x	  	  	  	  ex)nc)on	  



dp
dt
=mp 1− p( )− xp

p	  	  	  propor)on	  of	  occupied	  patches	  
m	  	  migra)on	  
x	  	  	  	  ex)nc)on	  



•  The	  Levins	  model	  is	  useful	  for:	  
– Understanding	  basic	  dynamics	  of	  metapopula)on	  
and	  popula)on	  stability	  	  

– Studying	  how	  m	  and	  e	  affect	  popula)on	  dynamics.	  
– Understanding	  how	  number	  of	  occupied	  patches	  
affects	  local	  ex)nc)on.	  

•  Restric)on	  to	  only	  two	  states	  is	  limi)ng	  



Empirical models of metapopulation structure expanded from the classical metapopulation 
structure.  

Jocelyn L. Aycrigg, and Edward O. Garton J Mammal 
2014;95:597-614 

© 2014 American Society of Mammalogists 



Core-‐Satellite	  (Hanski)	  Model	  
•  Ex)nc)on	  depends	  on	  patch	  occupancy	  

– Ex)nc)on	  rate	  increases	  when	  more	  patches	  are	  
occupied	  

– Predicts	  two	  types	  of	  species	  
•  Common	  and	  high	  abundance	  (Core)	  
•  Rare	  and	  patchy	  (Satellite)	  



Stepping	  Stone	  Model	  
•  New	  Dispersal	  Terms	  

– Propagules	  are	  more	  likely	  to	  disperse	  to	  occupied	  
patches	  

– Probability	  of	  dispersal	  between	  each	  patch	  is	  
specified	  



Determinis)c	  to	  Numerical	  

•  Models	  include	  greater	  realism	  
–  Dynamics	  can	  be	  affected	  by	  many	  things	  

•  Demographic	  stochas)city	  
•  Environmental	  gradients	  
•  Gene)c	  variability	  
•  Dispersal	  pa]erns	  
•  Biological	  interac)ons:	  compe))on/preda)on/parasi)sm	  
•  Density-‐dependent	  effects	  

•  Relaxa)on	  of	  the	  coloniza)on:ex)nc)on	  paradigm	  
–  Focus	  on	  dynamics	  within	  the	  system	  

•  Emergent	  proper)es	  



Terrestrial	  to	  Marine	  

•  Marine	  ecosystems	  characterized	  by	  long	  
dispersal	  kernels	  

•  ‘open	  popula)ons’	  
•  Challenge	  =	  observing,	  characterizing	  dispersal	  
•  Fragmented	  habitats	  

– MPAs	  
	  



Gene	  

Individual	  

Popula)on	  

Metapopula)on	  

Ecosystem	  



Gene	  
	  	  	  	  Inheritance	  
	  	  	  	  	  Meiosis	  
	  	  	  	  	  Genotype	  linked	  to	  Phenotype	  
	  	  	  	  	  10	  chromosomes	  x	  4	  genes	  x	  2	  alleles	  
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Individual	  
	   	  growth	  (von	  Bertalanffy)	  
	   	  maturity	  
	   	  change	  sex	  
	   	  spawn	  

Popula)on	  

Metapopula)on	  

Ecosystem	  



Popula)on	  
	   	   	  age	  structure	  
	   	   	  vital	  rates	  (survival)	  
	   	   	   	  density	  dependence	  (of	  vital	  rates)	  
	   	   	  K	  (carrying	  capacity)	  
	   	   	  temporal	  trends	  or	  fluctuaBons 	  	  
	   	   	   	  disease	  dynamics	  
	   	   	  management	  
	   	   	   	  fishing	  and	  transfers	  
	   	   	  geneBc	  response	  	  

Metapopula)on	  

Ecosystem	  



Metapopula)on	  
	   	   	  larval	  dispersal	  
	   	   	  geneBc	  connecBvity	  
	   	   	  spaBal	  variability	  in	  vital	  rates	  	  
	   	   	  management	  
	   	   	  geneBc	  response	  

Ecosystem	  

Larval	  Dispersal	  Defined	  by	  coupled	  biophysical	  model	  	  
(larval	  growth-‐behaviour	  &	  ROMS)	  

Diego	  Narváez	  
	  

Narváez,	  et	  al.	  2012.	  Modeling	  the	  dispersal	  of	  eastern	  oyster	  (Crassostrea	  
virginica)	  larvae	  in	  Delaware	  Bay.	  J.	  Mar	  Res.	  70:	  381-‐409.	  



Ecosystem	  
	   	   	  spaBally	  explicit	  –	  gradients	  
	   	   	  geneBc	  and	  dynamic	  response	  to	  stressors	  
	   	   	  management	  
	   	   	  catastophic	  response	  

From: Hofmann et al., 
Oceanography, 22: 212-231. 

HIGH 

LOW 
Growth	  

Mortality	  

Recruitment	  





•  “we	  got	  a	  year's	  worth	  of	  
precipita)on	  in	  those	  two	  months.”	  

•  “Some	  streams…	  saw	  peak	  levels	  
that	  were	  300%	  higher	  than	  high-‐
water	  records”	  

–  Joshua	  Galster,	  Montclair	  State	  
University	  

	  

•  “The	  flood	  was	  so	  massive	  it	  
pushed	  all	  the	  salt	  water	  out	  
into	  the	  ocean”	  

–  Douglas	  A.	  Burns,	  U.S.	  Geological	  
Survey	  

http://www.scientificamerican.com/article.cfm?id=hurricane-east-coast-damage 
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Month	  (2011)	  

Ship	  John	  Shoal	  Light	  	  
NOAA	  PORTS	  Monitoring	  Sta)on	  
h]p://)desandcurrents.noaa.gov/geo.shtml?loca)on=8537121	  

Physical	  Model:	  
	  	  	  	  	  ROMS	  
	  	  	  	  	  	  	  	  	  	  	  	  	  Regional	  Oceanographic	  Modeling	  System	  

Munroe, D. et al. Estuarine, Coastal and Shelf Science. 
135:209-219. 	

 DOI: 10.1016/j.ecss.2013.10.011 	
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Munroe, D. et al. Estuarine, Coastal and Shelf Science. 
135:209-219. 	

 DOI: 10.1016/j.ecss.2013.10.011 	




Population 1 - Post-Flood Simulated Length Frequencies 
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Munroe, D. et al. Estuarine, Coastal and Shelf Science. 
135:209-219. 	

 DOI: 10.1016/j.ecss.2013.10.011 	


Stormy future climes 
 The oyster shuns fresh water 
  Decadal impact  

荒れ他日�
     カキ、河口好き 
              後腐れ 
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Is	  larval	  dispersal	  or	  post-‐
se]lement	  processes	  more	  

important	  to	  gene)c	  
connec)vity?	  

Munroe,	  D.et	  al.	  2012	  Journal	  of	  Marine	  Research.	  70:	  441-‐467.	   Base Case
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Is	  larval	  dispersal	  or	  post-‐
se]lement	  processes	  more	  

important	  to	  gene)c	  
connec)vity?	  

Connec)vity	  changes	  due	  to	  changing	  	  
	  larval	  dispersal	  ~	  1	  to	  4%	  
	  post-‐se]lement	  processes	  ~	  14-‐25%	  
	  	  

Munroe,.et	  al.	  2012	  Journal	  of	  Marine	  Research.	  70:	  441-‐467.	   Base Case
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  How do fisheries influence genetic connectivity? 



  How do fisheries influence genetic connectivity? 



  How do fisheries influence genetic connectivity? 

Munroe, D. et al 2013 Canadian Journal of Fisheries 
and Aquatic Sciences, 70(12): 1813-1828, 	

 DOI: 10.1139/cjfas-2013-0089  



Paired T-test 

P 0.025 

T -2.09 

df 18 

NonSelective < Size Selective Fishery  
allele change versus Base Case 

on average 3.5 % lower allele frequency 

  How do fisheries influence genetic connectivity? 

NonSelective Fishery 
Lower Size Limit Fishery 

(Seed) 
(Sack) 

Munroe, D. et al 2013 Canadian Journal of Fisheries 
and Aquatic Sciences, 70(12): 1813-1828, 	

 DOI: 10.1139/cjfas-2013-0089  



  How do fisheries influence genetic connectivity? 

Munroe, D. et al 2013 Canadian Journal of Fisheries 
and Aquatic Sciences, 70(12): 1813-1828, 	

 DOI: 10.1139/cjfas-2013-0089  



  How do fisheries influence genetic 
connectivity? 

 
Increasing fishing decreases allele export 

–  True for both fishery types  

Non-selective fisheries lead to a greater decrease in 
allele export 
–  On average, 3.5% lower 

Fishing Pressure  
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Shifts in  
source:sink 

dynamics 

What	  role	  do	  MPAs	  play	  in	  gene)c	  connec)vity?	  

Munroe,	  et	  al.	  2014.	  Aqua)c	  Conserva)on.	  In	  Press.	  DOI:	  10.1002/aqc.2400	  



What	  role	  do	  MPAs	  play	  in	  gene)c	  connec)vity?	  

MPAs: 

Increasing 
export of 

allele with 
surrounding 

fishing 
pressure 

Munroe	  et	  al.,	  2014.	  AquaBc	  ConservaBon	  24:	  645-‐666.	  
DOI:	  10.1002/aqc.2400	  	  



What	  role	  do	  MPAs	  play	  in	  gene)c	  connec)vity?	  

MPAs: 

Can alter 
source:sink 

locations 

Munroe	  et	  al.,	  2013.	  AquaBc	  ConservaBon	  24:	  645-‐666.	  
DOI:	  10.1002/aqc.2400	  	  
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Full	  MSX	  
Mortality	  

Low	  MSX	  
Mortality	  

No	  Gradient	  in	  
MSX	  Mortality	  
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Resistant	  Allele	  
Suscep)ble	  Allele	  

Larval	  dispersal	  	  
•  tends	  to	  slow	  evolu)on	  
•  Adds	  uncertainty	  	  
	  

Spa)al	  Varia)on	  in	  Disease	  
•  Slows	  fast	  evolvers,	  speeds	  slow	  evolvers	  
•  Inhibits	  metapopula)on	  resistance	  



Metapopula)on	  approaches	  are	  useful	  for	  disease	  modeling:	  
	  
•  Allows	  inclusion	  of	  	  transmission	  dynamics	  rela)ve	  to	  animal	  movement	  
•  Allows	  mi)ga)on	  and	  mangement	  strategies	  (quaran)ne	  etc)	  to	  be	  explored	  
•  Be]er	  represents	  overall	  metapopula)on	  responses	  in	  evolu)on	  of	  resistance	  

and	  possible	  ex)nc)ons	  

However,	  metapopula)on	  disease	  models	  have	  been	  developed	  for	  terrestrial	  
systems.	  	  	  
	  
Have	  limited	  applicability	  in	  marine	  ecosystems	  because:	  
•  hosts	  are	  oqen	  sessile	  (many	  invertebrates)	  
•  disease	  agents	  may	  be	  dispersed	  more	  widely	  and	  rapidly	  in	  water	  than	  on	  land	  
•  pathogens	  may	  survive	  well	  outside	  of	  the	  host	  in	  marine	  condi)ons	  
•  terrestrial	  systems	  tend	  to	  have	  habitat	  that	  is	  highly	  fragmented	  
	  



Increasing	  Dispersal	  

Increases	  
spread	  of	  
disease	  and	  
epidemics	  

Decreases	  risk	  
of	  ex)nc)on	  



Data	  Ma]ers	  

h]ps://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=29511&inline=true	  



h]p://www.dfo-‐mpo.gc.ca/Library/26748.pdf	  
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