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From 1 minute to 100 years 
Changes in the behaviour, distribution and abundance of fish 
across local to European shelf scales 



Challenges and Opportunities in Marine Fisheries Science 

Å Focus here on opportunities offered by new approaches in ecological science 
 
Å Some important questions: 
 
How many fish are there? 
 
 Where are they? 
 
  How do distributions change? 
 
 When and where is the overlap with fishers? 
 
How does this affect fish relative abundance? 
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Overview 

(1) Where are the fish? How do they move? 

 Telemetry technology; specialised random walks 

 

(2) Where and when is the overlap with fishers? 
Consequences? 

 Modelling fish/fishing vessel interactions 

 

(3) How does climate and fishing impact populations? 

 From local to shelf scales? 

 New insights from old data 

 



(1) Where are the fish? How do animals move? 

Telemetry technology; specialised random walks 



Telemetry Technology 



Sims et al. (2009) PLoS ONE 4: e7351 

Long-term GPS tracking of pelagic fish 



Specialised random walks: Models for fish movement?  

Lévy random walk  
 ˃= 2.0 

Lévy random walk  
 ˃= 1.5 

Lévy random walk 
 ˃= 3.0 

Viswanathan et al. (2011) The Physics of Foraging: An Introduction to Random Searches and Biological Encounters. 
Cambridge University Press. 

Brownian  
random walk 

Fish movements not well approximated by simple random walks at the long term 
limit 
 
Lévy flights: Special class of random walk with displacements drawn from a 
probability distribution with a power law tail (Pareto-Lévy distribution) 
 
Stochastic processes closely linked to fractal geometry and anomalous diffusion 
phenomena Ý superdiffusion 
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Sims, D.W. et al. (2008) Nature 451: 1098-1102. 
Humphries, N.E. et al., Sims, D.W. (2010) Nature 465: 1066-1069 

Scaling laws of search behaviour among sharks, bony fish, turtles and penguins 

Movement patterns of marine vertebrates modelled by Lévy-flight specialised random walks  

  

Lévy and Brownian patterns linked to predator response to resource abundance 
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(2) Where and when is the overlap with fishers? 
Modelling fish/fishing vessel interactions 



Tracking interactions between by-catch species 
and fishing vessels: blue shark, longliner 



Calculate overlap between tracked fish and longliners 

2008: 2D shark 
(green) / longliner 
(black) space overlap 

2008: 3D shark 
(green) / longliner 
(black) encounter 

MBA: Nick Humphries, Nuno Queiroz, David Sims 

Spanish vessels 2008 



Model movements using 
specialised random walks 
entrained by 
temperature and 
population abundance 
centre 
 
Multiple centres ς reflect 
population 
structure/components 
 

MBA: Nick Humphries, Nuno Queiroz, David Sims 

Simulated pelagic fish tracks 



Strategic use of predictable fish movement patterns: 
impact of longline fisheries 
 
Mapping and modelling fish movements in relation to fishing vessel 
movements to quantify risk of capture 
 
How does vessel fleet size and movements influence capture risk of by-
catch? What effects of candidate MPAs? 

Nick Humphries, Nuno Queiroz 
David Sims  

Model fish track Vessel tracks 



Modelling impacts of High Seas MPAs on by-catch 

ES MPA Analysis (Median & 10
th
-90

th
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PT MPA Analysis (Median & 10
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-90

th
 Percentiles)
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