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Dynamic Energy Budget 

Dynamic: 
• Full life cycle (embryo, juvenile, adult) in changing environment (temp, food) 

Energy: 

•   Feeding 

•   Digestion 

•   Storing 

•   Growth 

•   Maturation 

•   Maintenance 

•   Reproduction 

•   Product formation 

•   Aging 

Budget: 
• Conservation: energy, mass, time, isotopes  

Start: Aug 1979 understanding effects of toxicants  

Now: bibliography of 883 DEB papers:  

     https://www.zotero.org/groups/500643/deb_library/ 

      @2020: 2 DEB papers appear per week 

DEBbib 

2018/06/27  

European Food Safety Authority: 

use of DEB’s for risk assessment 

doi: 10.2903/j.efsa.2018.5377 

DEB1 
DEB2 

DEB3 



Homeostasis 

strong homeostasis 
   constant composition of pools (reserves/structures): mass conservation! 

   generalized compounds, stoichiometric constraints on synthesis 

   respiration/heat follows from closing balances for chemical elements 

 

weak homeostasis  
   constant composition of biomass during growth in constant environments 

   presumes strong homeostasis and determines reserve dynamics 

 

structural homeostasis 
   constant relative proportions during growth in constant environments 

   isomorphy: surface  length2, volume  length3 

 

thermal homeostasis  
   ectothermy  homeothermy  endothermy 

 

acquisition homeostasis  
   supply  demand systems 

Kooijman 2010 

CUP 



1- 
maturity 

maintenance 

maturity 

offspring 

maturation 

reproduction 

Standard DEB scheme 

food faeces 
assimilation 

reserve 

feeding defecation 

structure 

somatic 

maintenance 

growth 

 

time: searching & handling 

feeding  surface area 

weak & strong homeostasis 

κ-rule for allocation to soma 

maintenance has priority 

   somatic maint  structure 

   maturity maint  maturity 

stage transition: maturation 

   embryo: no feeding, reprod 

   juvenile: no reproduction 

   adult: no maturation 

maternal effect: reserve density 

   at birth equals that of mother 

initially: zero structure, maturity 

   egg = blob of reserve 

1 food type, 1 reserve, 1 structure, isomorph 

reproduction 

   via reproduction buffer 

   buffer handling rules 
Kooijman 2010 CUP 



Empirical special cases of DEB 

year author model year author model 

1780 Lavoisier multiple regression of heat 

against mineral fluxes 
1950 Emerson cube root growth of bacterial 

colonies 

1825 Gompertz Survival probability for aging 1951 Huggett & Widdas foetal growth 

1889 Arrhenius temperature dependence of 

physiological rates 
1951 Weibull survival probability for aging 

1891 Huxley allometric growth of body parts 1955 Best diffusion limitation of uptake 

1902 Henri Michaelis--Menten kinetics 1957 Smith embryonic respiration 

1905 Blackman bilinear functional response 1959 Leudeking & Piret microbial product formation 

1910 Hill Cooperative binding 1959 Holling hyperbolic functional response 

1920 Pütter von Bertalanffy growth of 

individuals 
1962 Marr & Pirt maintenance in yields of biomass 

1927 Pearl logistic population growth 1973 Droop reserve (cell quota) dynamics 

1928 Fisher & 

Tippitt 

Weibull aging 1974 Rahn & Ar water loss in bird eggs 

1932 Kleiber respiration scales with body 

weight3/ 4 
1975 Hungate digestion 

1932 Mayneord cube root growth of tumours 1977 Beer & Anderson development of salmonid embryos 

DEB theory is axiomatic,  

     based on mechanisms 

     not meant to glue empirical models 

 

Since many empirical models 

     turn out to be special cases of DEB theory 

     the data behind these models support DEB theory 

 

This makes DEB theory very well tested against data 



Inter-species body size scaling 

Kooijman 1986 

J. Theor. Biol. 121: 269-282 



• www.bio.vu.nl/thb/deb/deblab/add_my_pet/ 

• referenced data, par-estimates, implied properties, Matlab code 

• par-point-estimation: minimazation of new loss function 

• par-interval-estimation: calibrated loss function profile 

• Although DEB applies to all organisms, 

         AmP only for animals because they feed on other organisms 

 

Add_my_Pet (AmP) 

Marques et al (2018) The AmP project, PLoS Comp Biol . 14(5): e1006100 

Marques et al (2019)  Fitting multiple models to multiple data. J. Sea Res. 143: 48-56 



AmP entries & fit 

MRE for 3 104  

data sets: 0.07 

started in Feb 2009 as  

exercise in DEB course  

 

AmP website 



Metabolic acceleration 
Def: long-term increase of respiration  

        relative to standard DEB expectation 
 

Types of acceleration 

• R: maturation 

• X: food (diet) 

• A: assimilation 

• M: morph 

• T: temperature 

 

Short-term increase in respiration (no metabolic acceleration) 

• heat increment of feeding 

• boosts of activity 

• migration 

• pregnancy/ lactation 

Kooijman 2014 

J Sea Res 94: 128-137 



Standard DEB model: growth 

Rhizoprionodon  

     acutus 

milk shark 

Kooijman 2014 

J Sea Res 94: 128-137 

females 

males 



Type M acceleration 

Kooijman 2014 

J. Sea Res.  

94:127-137 



Ctenophora 

Cnidaria 

Tunicata 
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Mixini 

Cephalaspidomorphi 
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Reptilia 
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Gastrotricha 
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Sarcopterygii  

Acanthocephala 
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Xenacoelomorpha 

AmP website 



Cladistii 

1 2 5 10 

Chondrostei 

Holostei 

Elopocephalai 

Osteoglossocephala 
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Lepidogalaxii 

Stomiati 

Aulopa 

Myctophata 

Paracanthomorphacea 
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Ophidiimopharia 
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Eupercaria 

AmP website 



Supply-demand spectrum 

metabolic control external    metabolic control internal 

Lika et al 2014 

J. Theor. Biol. 

354:35-47 



demand, fast 

capilliaries 

supply, slow 

no capilliaries 

Embryo development 



Supply-demand spectrum 

The small deviations from the surface ss (κ,ep
min) = ep

3 κ2 (1−κ) 

are caused by acceleration sM depending on food level 

AmPtool/mydata_shstat 

example 4,      n = 2026 



Extremes in relative  

maturity at birth in fish 

Latimeria chalumnae (coelacanth)  

♂, ♀ 1.9 m, 90 kg 

Egg: 325 g, 15 eggs in buffer 

At birth: 30 cm; ab =  395 d 

Feeds on fish 

Mola mola  (ocean sunfish)  

♂,♀  4 m, 1500 (till 2300) kg 

Egg: 1.3 mg, 3 1010 eggs in buffer 

At birth: 1.84 mm g; ab =  0.6 d 

Feeds on jellyfish & combjellies 



Population growth 
Characteristic equation 

Ceiling of spec pop growth rate 

Thinning 

Kooijman et al 2019 

Ecol. Mod, subm 



Reproduction vs pop growth 

max reprod rate 

ceiling of pop growth 

pop growth, no thinning 

pop growth, with thinning 

2026 AmP entries, abundant food, 20°C 

What dominates pop growth? 

  max reprod rate 

  age at pub  

  surv prob at early age 

 

What is less important? 

  age-dependent reprod 

  aging 

Kooijman et al 2019 

Ecol. Mod, subm 



Effect of thinning 
2026 AmP entries, abundant food, 20°C 

Kooijman et al 2019 

Ecol. Mod, subm 

slope 1 



Pop growth scales as respiration 

2026 AmP entries, abundant food, 20°C 

explanation: 

  respiration because reserve density increases (no resp for reserve) 

   pop growth because ap increases and Rm decreases 

     (reproduction hardly contributes to respiration)  

Kooijman et al 2019 

Ecol. Mod, subm 

slope -0.23 slope -0.23 

thinning for Rm > 1/d 



2026 AmP entries, abundant food, 20°C 

slope 1 

Kooijman et al 2019 

Ecol. Mod, subm 
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