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Now is the time to merge bioenergetics and 
movement ecology 
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Today 
• Organisms will move in response to climate change 

 
• Progress on movement 

– Observations 
– Modeling 

 
• Status of bioenergetics 

 
• Need and opportunities for merging 

 
• Next steps 
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Progress: Movement Data 
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Fig. 2 Aquatic telemetry to understand the movements of animals in four dimensions: horizontal 
(2D), vertical (depth), and over time.  

Nigel E. Hussey et al. Science 2015;348:1255642 
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Top panel of Fig. 4 Multidisciplinary aquatic telemetry approaches.  

Nigel E. Hussey et al. Science 2015;348:1255642 

Published by AAAS 
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Fish Personalities 
… whereas environments with less predictable 
food abundance do not always meet costs of 
high activity and therefore passive or shy 
individuals can grow as fast as, or even faster 
than, active or bold individuals 

Zavorka et al. 2015. Behavioral Ecology 26: 877-884 



Progress: Movement Modeling 
• Many approaches have been 

proposed 
– X(t+1) = X(t) + Vx(t) 
– Y(t+1) = Y(t) + Vy(t) 
– Z(t+1) = Z(t) + Vz(t) 
– Determine the cell 

 
• Quite confusing because of non-

standard descriptions and 
terminology for Vx, Vy, and Vz 

 
– Random walk 
– Run and tumble 
– Event-based 
– Restricted-area 
– Kinesis 
– ANN 

 



A movement ecology framework that integrates four existing paradigms for studying organismal 
movements.  

Ran Nathan et al. J Exp Biol 2012;215:986-996 

© 2012. 



Major Issue 

• If we are to use these methods to simulate 
management actions and climate change, 
then the methods must predict responses to 
changes in cue(s) 
 
 
 



Loop over time steps 

Loop over fish 

Growth 

Movement 

Loop over generations 

Genetic Algorithm 

Scale 
Grid: 540 x 540 cells 
Cells: 5 m2 
Time step: 5 minute 
Generation: 30 days 
Initial size = 73.3 mm 
Initial worth = 100 fish 
3000 super-individuals 

Mortality 

Simplified 
Hypothetical 

Species 

Test on novel grid 

Model Structure 



Environmental Gradients 

                 Patchy             Patchy        Smooth    Smooth 
          No trade-offs          Trade-offs    No Trade-offs         Trade-offs 



Model Processes 
Growth (mm 5-min-1) 

G = Gmax*Gr,c   
L(t+1) = L(t) + G 
W(t+1) = a*L(t+1)b  

 

Movement 
X(t+1) = X(t) + Vx(t) 
Y(t+1) = Y(t) + Vy(t) 

      cell location (r,c) 
 

Mortality (5-min)-1 

M = Mmax*Mr,c*ML 

S(t+1) = S(t)*e-M 

ML=1−
Li−73.3

Lmax−73.3
 

 
Reproduction 
E=55·S(30)· 421.84·W(30)+304.79  

0,0 
X and c 

Y or r 



GA Calibration 
• 3000 strategy vectors of parameter values 

– Start with random values for everyone 
 

• Every 30-day generation, select 3000 individuals: 
– P(selection) = Ei/ΣE 
– Mutate each vector: 6% of parameters, ±0.25 

 
• Use these 1000 vectors for the next generation 

 
• Continue until egg production levels off 

 
• Parameter values should have converged 



Restricted Area Search 
o Rank cells in a Dhood cell radius by habitat quality (Qc,r) 

 
 

o n= 1− 1.42

(c−xcell)2+ (r−ycell)2
 

 
o Compute Θ = toward the cell with the highest Qc,r 

 
o SS = 0.5 BL/sec 

 
 

o GA evolves: δ, Rθ, Rdist, Dhood 
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o Velocities are the sum of inertial (f) and random (g)  
 

o Compute random swim speed:  ε𝑥𝑥 = N( 1.0
2� , 0.5) 

 
o Compute habitat quality:  
o   
o Compute f and g weighted by how close habitat 

quality (Qc,r) is to the optimal habitat (Qopt) 

fx = Velx(t − 1) ∙ H1 ∙ e
−0.5

Qc,r−Qopt
σQ

2

 

gx = εx ∙ 1 − H2 ∙ e
−0.5

Qc,r−Qopt
σQ

2

 

 
o  GA evolves Qopt, σ, H1, H2, δ 

Kinesis – Robert Humston  
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Calibration – Fitness Convergence 

 Restricted area, Kinesis , Event-based, Run-tumble 



Neighborhood Search Results 
Last day 
of  300th 
generation 



10 Individuals 



Kinesis - Testing 



Pathways 
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Provided by: Salvador E. Lluch-Cota based on Schwartzlose et al. 1999  



Fully-Coupled Model Within ROMS  

Fish IBM 

Sardines 

Anchovies 

Predators 

Regional Ocean Circulation Model 

NPZ Component (multiple) 

Floats Component 

Data 
Assimilation 

Climate 
Coupling 

Fishing Fleet 



Model 1: ROMS 
• Grid:  
  10 km 
   42 levels 

 
• 900 s 

 
 

• Run duration: 50 years (1959-2009) 



Model 2: NEMURO 



Environmental Cues for Movement (Kinesis) 
Temperature (°C) - Gaussian P-Value (C/Cmax) – Holling Type III  

Mean SST (1985-2005) Mean ZS (1985-2005) Mean ZL (1985-2005) 



Sardine Spatial 
(E&YS – 1012; 1000 MT) 



Sea Lion Foraging Patterns off Central CA (1989-2008) 

Fiechter et al. 2016. Marine Ecology 
Progress Series 556: 273-285. 

California Sea Lion 



Hypoxia - Gulf of Mexico 



LaBone, E., D. Justic, K.A. Rose, and H. Huang. almost. Exposure of fish to hypoxia in  
the northern Gulf of Mexico: Effects of allowing fish to move vertically…. 
 






Bioenergetics 

• Wisconsin formulation 
 

• Dynamic Energy Budget 
 

• Anchovy examples 
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Pallid Sturgeon 
Deslauriers. 2015. Dissertation, SDSU 



Busch et al. 2013. ICES Journal of Marine Science 70: 823-833. 
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Gatti et al. 2017. Ecological Modelling 348: 93-109. 



Disconnect 
• Movement cues 

– Sometimes projected growth 
– Often temperature or other habitat variable 

 
• Selection (optimization) of speed, direction, or destination 

 
• Trajectory (journey) 

 
• Bioenergetics consequences 

 
• Routine type movement maybe OK but not for GCC 
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Necessity or Opportunity 

• Merge movement with the bioenergetics 
 

• Consistency (two-way) 
 

• Journey and destination affect bioenergetics 
the same way as used in movement 
 

• Project responses to major changes in cues 
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Life stage 
Recruitment 
Population 
Community 
Food web 

Fisheries 

Bioenergetics 

CC 



Next Step 

• Time for synthesis and algorithm development 
and testing 
 

• Working group or workshops? 
 

• Fish and Fisheries ↔ Movement Ecology 
 

• NOAA, PICES, ICES, ESA, AFS, CERF 
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