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4.	
  	
  Metacommuni.es	
  and	
  Assembly	
  Rules	
  
	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  Metacommunity	
  concept	
  –	
  	
  	
  SpaBally	
  structured	
  communiBes	
  
	
  
	
  

	
  Dynamics	
  influenced	
  by:	
  
	
  

	
   	
  •	
  	
  regional	
  species	
  pools	
  
•	
  	
  colonizaBon	
  (dispersal)	
  
•	
  	
  disturbance	
  regimes	
  
•	
  	
  local	
  exBncBons	
  
•	
  	
  local	
  species	
  interacBons	
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ColonizaBon	
  rate,	
  m,	
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  all	
  local	
  subpopulaBons	
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ColonizaBon	
  rate,	
  m,	
  is	
  proporBonal	
  to	
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  of	
  patches	
  occupied,	
  p,	
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  the	
  fracBon	
  
of	
  patches	
  vacant,	
  1-­‐p	
  
	
  
Assume	
  all	
  local	
  subpopulaBons	
  (on	
  patches)	
  have	
  the	
  same	
  constant	
  exBncBon	
  
probability,	
  e	
  
	
  
	
  

	
   	
   	
   	
   	
   	
  dp/dt	
  =	
  mp(1-­‐p)	
  –	
  ep	
  
	
   	
   	
  	
  
	
  At	
  equilibrium,	
  	
  	
  p	
  =	
  1	
  –	
  e/m	
  

	
  
	
  For	
  p	
  to	
  remain	
  posiBve,	
  m	
  must	
  be	
  >	
  e	
  

	
  
	
  

^	
  



What	
  is	
  the	
  effect	
  of	
  decreasing	
  patch	
  area	
  on	
  exBncBon	
  rate?	
  
	
  

	
  	
  
	
  



What	
  is	
  the	
  effect	
  of	
  decreasing	
  patch	
  area	
  on	
  exBncBon	
  rate?	
  
	
  

	
   	
   	
   	
   	
  e	
  increases	
  
	
  
	
  
	
  



What	
  is	
  the	
  effect	
  of	
  decreasing	
  patch	
  area	
  on	
  exBncBon	
  rate?	
  
	
  

	
   	
   	
   	
   	
  e	
  increases	
  
	
  
	
  
What	
  is	
  the	
  effect	
  of	
  increasing	
  patch	
  isolaBon	
  on	
  colonizaBon	
  rate?	
  
	
  

	
   	
   	
  	
  
	
  



What	
  is	
  the	
  effect	
  of	
  decreasing	
  patch	
  area	
  on	
  exBncBon	
  rate?	
  
	
  

	
   	
   	
   	
   	
  e	
  increases	
  
	
  
	
  
What	
  is	
  the	
  effect	
  of	
  increasing	
  patch	
  isolaBon	
  on	
  colonizaBon	
  rate?	
  
	
  

	
   	
   	
   	
   	
  m	
  decreases	
  
	
  
	
  
	
  

	
   	
   	
  	
  
	
  



What	
  is	
  the	
  effect	
  of	
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  patch	
  area	
  on	
  exBncBon	
  rate?	
  
	
  

	
   	
   	
   	
   	
  e	
  increases	
  
	
  
	
  
What	
  is	
  the	
  effect	
  of	
  increasing	
  patch	
  isolaBon	
  on	
  colonizaBon	
  rate?	
  
	
  

	
   	
   	
   	
   	
  m	
  decreases	
  
	
  
	
  
	
  

	
   	
   	
   	
   	
  p	
  =	
  1	
  –	
  e/m	
  	
  	
  	
   	
   	
  	
  
	
  
	
  

	
   	
   	
  (p	
  is	
  fracBon	
  of	
  patches	
  occupied)	
  
	
  
	
  

^	
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B	
  I	
  D	
  E	
  model	
  of	
  metapopulaBon	
  dynamics	
  

Nt+1	
  =	
  Nt	
  +	
  B	
  +	
  I	
  –	
  D	
  –	
  E	
  

Nt	
  	
  is	
  iniBal	
  populaBon	
  size	
  
B	
  	
  is	
  total	
  births	
  
I	
  	
  is	
  net	
  immigraBon	
  
D	
  	
  is	
  total	
  deaths	
  
E	
  	
  is	
  net	
  emigraBon	
  



B	
  =	
  ∑	
  bj	
  	
  	
  	
   	
   	
  for	
  j	
  =	
  1	
  to	
  m	
  	
  
	
  
D	
  =	
  ∑	
  dj	
  	
  	
  	
   	
  	
   	
  for	
  j	
  =	
  1	
  to	
  m	
  
	
  
I	
  =	
  ∑	
  ij	
  	
  	
  	
   	
  	
   	
  for	
  j	
  =	
  1	
  to	
  m	
  
	
  
E	
  =	
  ∑	
  ej	
  	
  	
  	
   	
  	
   	
  for	
  j	
  =	
  1	
  to	
  m	
  
	
  
	
  
ij	
  =	
  ∑	
  ijk	
  	
  	
  	
   	
  	
   	
  for	
  k	
  =	
  0	
  to	
  m	
  
	
  
ej	
  =	
  ∑	
  ejk	
  	
  	
  	
   	
  	
   	
  for	
  k	
  =	
  0	
  to	
  m	
  
	
  
ekj	
  =	
  ijk	
   	
   	
  for	
  all	
  j	
  ≠	
  0	
  

BIDE	
  model	
  metapopulaBon	
  subunits	
  



Within	
  this	
  framework,	
  one	
  can	
  define:	
  
	
  
a	
  source	
  subunit,	
  or	
  patch	
  	
  	
  	
  	
  bj	
  >	
  dj	
  	
  	
  	
  and	
  	
  	
  	
  	
  ej	
  >	
  ij	
  
	
  
a	
  sink	
  subunit,	
  or	
  patch	
  	
  	
  	
  	
  	
  bj	
  <	
  dj	
  	
  	
  	
  and	
  	
  	
  	
  	
  ej	
  <	
  ij	
  
	
  
	
  
	
  



Within	
  this	
  framework,	
  one	
  can	
  define:	
  
	
  
a	
  source	
  subunit,	
  or	
  patch	
  	
  	
  	
  	
  bj	
  >	
  dj	
  	
  	
  	
  and	
  	
  	
  	
  	
  ej	
  >	
  ij	
  
	
  
a	
  sink	
  subunit,	
  or	
  patch	
  	
  	
  	
  	
  	
  bj	
  <	
  dj	
  	
  	
  	
  and	
  	
  	
  	
  	
  ej	
  <	
  ij	
  
	
  
	
  
Sources	
  are	
  “net	
  exporters”	
  
	
  
Sinks	
  are	
  “net	
  importers”	
  
	
  
Sinks	
  depend	
  on	
  the	
  status	
  of	
  sources	
  	
  (e.g.,	
  donor	
  control)	
  
	
  
The	
  model	
  can	
  be	
  made	
  more	
  complex	
  by	
  making	
  ijk	
  and	
  ejk	
  density	
  dependent	
  
based	
  on	
  the	
  donaBng	
  or	
  receiving	
  subunit’s	
  abundance	
  (nj	
  or	
  nk)	
  
	
  
or	
  by	
  having	
  fixed	
  thresholds	
  for	
  emigraBon.	
  
	
  
	
  



bk	
  <	
  dk	
  

bj	
  >>	
  dj	
  

good	
  habitat	
  

poor	
  habitat	
  

source	
  

sink	
  

ejk	
  
	
  
ikj	
  





Euphydra	
  editha,	
  checkerspot	
  bu]erfly	
  in	
  Sequoia	
  NaBonal	
  Forest,	
  California	
  
	
  
	
  
Rocky	
  outcrops	
  with	
  historic	
  host	
  plants	
  for	
  bu]erfly	
  =	
  pseudosinks	
  	
  	
  
(With	
  deforested	
  patches	
  on	
  the	
  landscape,	
  breeding	
  success	
  was	
  poor	
  in	
  rocky	
  
outcrops	
  under	
  enhanced	
  immigraBon	
  rates)	
  
	
  
Deforested	
  “clear	
  cuts”	
  with	
  novel	
  host	
  plant	
  (Collinsia)	
  for	
  bu]erfly	
  =	
  sources	
  
	
  
	
  
	
  
A?er	
  a	
  severe	
  summer	
  frost,	
  Collinsia	
  were	
  killed,	
  but	
  bu]erflies	
  on	
  rocky	
  
outcrops	
  did	
  not	
  go	
  exBnct,	
  they	
  persisted	
  on	
  their	
  naBve	
  host	
  plants	
  (Pedicularis	
  
semibarbata	
  and	
  Cas=lleja	
  dis=cha).	
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  Science	
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Degree	
  of	
  fragmentaBon	
  (patch	
  size	
  holding	
  total	
  area	
  constant)	
  had	
  no	
  effect	
  on:	
  
	
  

soil	
  properBes,	
  	
  rate	
  of	
  plant	
  succession,	
  	
  community	
  species	
  richness	
  &	
  diversity	
  
	
  
But	
  it	
  did	
  affect:	
  
	
  

•	
  populaBon	
  densiBes	
  of	
  several	
  plant	
  and	
  animal	
  species	
  (greater	
  on	
  larger	
  patches)	
  
•	
  persistence	
  of	
  clonal	
  plants	
  
•	
  persistence	
  of	
  individual	
  rodents	
  (based	
  on	
  mark-­‐recapture	
  study)	
  
•	
  rodent	
  age	
  structure	
  (smaller	
  patches	
  dominated	
  by	
  young,	
  non-­‐reproducBve	
  individuals	
  	
  







Brazos	
  River,	
  Texas	
  



During floods, there is exchange of fishes between river and oxbow lakes. 

Correspondence Analysis (CA) using seine net CPUE data for fishes  

oxbow samples 

river samples 



Some species are more abundant in the river channel following floods. 

Correlation between monthly peak discharge and CPUE in channel 
with a time lag of 1 month:  
 

 • White crappie, Pomoxis annularis  +0.67 
 
 
 
 
 
 

 • Gizzard shad, Dorosoma petenense  +0.58 
  

 
  

Flood connections result in exportation of fish to the river channel. 
 
source-sink metapopulation dynamics 



  
 
 

Flood connections also result in entry of fish abundant in the river 
channel into oxbow lakes where they perish within a few months. 

Red shiner, Cyprinella lutrensis 
 
 
 
Bullhead minnow, Pimephales vigilax 
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The	
  patch-­‐dynamics	
  concept	
  of	
  metacommuni.es	
  
	
  
	
  
AssumpBons:	
  
	
  
	
  
•	
  	
  Tradeoff	
  between	
  colonizing	
  ability	
  and	
  compe..veness	
  	
  

	
  (r	
  strategists	
  vs.	
  K	
  strategists)	
  
	
  
	
  
•	
  	
  Intermediate	
  disturbance	
  yields	
  highest	
  diversity	
  

	
  (too	
  high,	
  and	
  diversity	
  is	
  reduced)	
  
	
  (too	
  low,	
  and	
  compeBBve	
  dominants	
  exclude	
  r	
  strategists)	
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r	
  strategist	
  -­‐-­‐	
  	
  rapid	
  maturaBon,	
  small	
  adult	
  size,	
  high	
  reproducBve	
  effort,	
  small	
  

investment	
  per	
  progeny,	
  high	
  fecundity	
  =>	
  	
  good	
  colonizing	
  ability	
  
	
  

	
   	
   	
  (mouse,	
  zebra	
  finch,	
  guppy,	
  diatom)	
  
	
  
K	
  strategist	
  -­‐-­‐	
  	
  slow	
  maturaBon,	
  large	
  adult	
  size,	
  low	
  reproducBve	
  effort,	
  large	
  

investment	
  per	
  progeny,	
  low	
  fecundity	
  =>	
  	
  good	
  compe..ve	
  ability	
  
	
  

	
   	
   	
  (gorilla,	
  harpy	
  eagle,	
  coelacanth,	
  redwood	
  tree)	
  
	
  
	
  
	
  
Problem	
  –	
  pa,erns	
  of	
  alloca1on	
  in	
  nature	
  o5en	
  do	
  not	
  match	
  this	
  set	
  of	
  predic1ons.	
  



Fish	
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  with	
  divergent	
  life	
  history	
  strategies	
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A remarkably consistent pattern 
of species ordination! 
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increasing resource limitation, 
   competition & predation 

increasing scale of  
   spatiotemporal variability 

of resources & mortality  
factors 

increasing environmental disturbance & 
decreasing predictability of spatiotemporal 
variability of resources and mortality factors 

Life History Model   (Winemiller 1989, 1992, Winemiller & Rose 1992, 1993) 
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Environmental Variation, Life History Strategies, & 
Species Interactions:  

 

“The Storage Effect”	
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The	
  patch-­‐dynamics	
  concept	
  of	
  metacommuni.es	
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  Tradeoff	
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Cinaruco	
  River,	
  Venezuela	
  



A great diversity of fishes 
occurs in littoral-zone habitats with 
high structural complexity. 

As water level drops, these 
habitat patches are repeatedly 
colonized then abandoned. 
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We manipulated –  
 • patch structural complexity while keeping patch size constant 
 • colonization rate (distance to source habitat) 



Results from experiment varying habitat complexity & colonization rate 
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Results from experiment varying the amount of time elapsed for 
colonization 



Degree of non-random community organization increases over time 
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Assembly	
  of	
  BioBc	
  CommuniBes:	
  
	
  
	
  
Convergence	
  	
  (FuncBonal	
  Similarity)	
  
	
  
	
  

•	
  Species	
  
	
  
•	
  Local	
  Assemblages	
  
	
  
•	
  Regional	
  Faunas	
  



Reich, P.B., et al. 1997. From tropics to tundra: global convergence in plant 
functioning. PNAS,USA 94:13730-13734.  

“Despite striking differences in climate, soils & evolutionary history among 
diverse biomes ranging from tropical & temperate forests to alpine tundra & 
desert, we found similar interspecific relationships among leaf structure & 
function & plant growth in all biomes.” 
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Cichlid fishes in fluviatile habitats show both ecomorphological divergence 
(adaptive radiations) & parallel and/or convergent evolution. 

(Winemiller et al. 1995, Env. Biol. Fish. 44:235-261). 
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Eco-morpho space occupied by fluviatile cichlids in 3 regional  
assemblages overlaps broadly. 

Yet, there is not 100% ecological equivalency between cichlids 
from comparable habitats in these 3 tropical regions. 
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Ecomorphological diversity is greater in more species-rich 
tropical fish assemblages. 
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Ecosystem Functioning, M. Loreau et al., eds., Oxford University Press. 
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