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Supply-Side Ecology 

“[at some scale]…the control exerted by physical transport processes on 
population and community dynamics matches the effect of local processes, such 
as predation and competition among residents of the site.” Roughgarden 1986 



Blackburn et al 2013 TREE 
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How many and which species will establish non-native populations? 
And where are we likely to find many established non-native species? 
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Supply-Side Invasion Ecology 

Answer:   
You get more non-native species where, and during what 
time frame, you transport and introduce more non-native 

species 

[at some scale]…the control exerted by transport and introduction processes on 
establishment and spread dynamics matches the effect of local processes, such as 
predation and competition among residents of the site 



The focus on the early stages of the invasion process was not a part of SCOPE or 
Elton’s book, but the notion is by no means new to the field 

1986 

Propagule Pressure 
Colonization Pressure 



Propagule Pressure 

Mechanisms:  environmental and demographic stochasticity, genetic 
diversity, individual differences (age, stage, sex ratio), Allee Effects 

Cassey et al. 2018 PloS Bio. 



Colonization Pressure 
The more species that are introduced (released) the more that 

establish viable non-native populations     

Lockwood et al. 2009 Div. and Dist. 

Each ‘dot’ is a geographical location 



E = IS 

Number of non-native species in one location (E) is a product of 
the number of species introduced (I) and the fraction of those 

that successfully established (S). 
Lonsdale 1999 Ecology 

S is the stuff of intrinsic ecology with propagule pressure 
added in…. 

 

BUT you can’t understand E unless you also know I 



Chiron et al. 2009 Proc. Roy. Soc. 

By far the best fit with observed numbers of birds per area was the number 
introduced  



Number of  forest pests per US county is best explained by 
proxies of  propagule and colonization pressure.  

  
Leibhold et al. 2013 Div. and Distr. 



Aukema et al. 2010 BioScience 

We also regularly see an association between increases in trade, or 
changes in trade partners, and increasing numbers of  non-native 

species  through time.  



If Colonization Pressure likely explains spatial 
and temporal patterns in number of non-

native species, there is high value in 
documenting patterns in drivers. 
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Hulme et al. 2008 J. Applied Ecology 
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Sinclair et al. 2018 Bio. Invasions 

Hypothesis Driven Pathway Science 



Not all ships bring the 
same probability of 

introducing a non-native 
species in their ballast. 

 
Not all ports have an 
equal probability of 

being invaded because of 
these differences. 

Verling et al. 2005. Proc. Roy. Soc. 

Ship ≠ Ship 

Voyage ≠ Voyage 



Work et al. 2005 Biol. Invas. 

Same applies to many other vectors….although not as well documented 



Why do some species enter into the exotic pet market, 
and when they do, how many are sold per year and 

where? 

Phenotypic plasticity 

Ease of care + coloration Cultural resonance 

Purposeful  
Transport? 



Stringham and Lockwood 2018.  
J. Applied Ecol. 
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We can use this approach to pathway science to anticipate locations likely to 
experience high invasions rates, and the species likely to show up. 
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Network Approaches 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwi3wPmfybrlAhUQ2FkKHYhuDJMQjRx6BAgBEAQ&url=/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=http://www.imperial.ac.uk/transport-studies/port-operations/research/platforms/&psig=AOvVaw3juSSSbK7ryDYFTU6zXt_3&ust=1572201479680512&psig=AOvVaw3juSSSbK7ryDYFTU6zXt_3&ust=1572201479680512


Drake and Lodge 2004 Proc. Roy. Soc. 

‘Hot’ ports 
 Number of ships visiting 
ports per year, scaled by 
a probability of per-ship-
call initiating an invasion 

Seebens et al. 2013 Eco. Letters 

‘Hot’ routes 
Invasion probability 
along every shipping 
connection between 

two ports in the 
network 



What About Other Networks That Transport 
Non-Native Species? 

Global airline network 2015 

Schafer et al. 2019 Nature Energ  



Red to orange plots airports with a high traffic volume where the incoming flights are from 
regions that are climatically similar = HIGH INVASION RISK 

 
Yellow plots airports with opposite pattern (high traffic volume from regions not 

climatically similar) = LOWER INVASION RISK 
 

Don’t know the species on those flights or the directionality of trade but we could 
predict that. 

Tatem and Hay 2007 Proc. Roy. Soc. 



Bertelsmeier et al. 2018 PNAS 

Stepping Stone 
or Hub-and-

Spoke Networks 
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Bush et al. 2014 Cons. Biology 

Networks in the wildlife trade 

Transport routes for vertebrates (not fish) 

These have been built and analyzed in the context of native species conservation 
but not in the context of biological invasions 



www.aquariumtradedata.org 



A recognition of  colonization pressure…. 
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Thank you 
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