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(Auer et al. 2018, Nat. Comm.)
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Decrease  
at high T

(Unimodal curves: Michaletz & Garen 2024, Ecol. Lett.)
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Theoretical background 
Metabolic Theory  

of Ecology

Metabolic-level 
Boundaries Hypothesis

Constant slope Variable slopes
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(Brown et al. 2004, Ecology) (Glazier 2005, 2010, Biol. Rev.; 2014, Systems; 2020 JCPB)



(Glazier 2018, Challenges; data from Ivleva 1980, IRGHH)



(Glazier 2018, Challenges; data from Killen et al. 2010, Ecol. Lett.)



(Fossen et al. 2019, JEB)
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Effects of 
behavioral 

activity

(Glazier 2010, Biol. Rev.)
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behavioral 
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(Glazier 2010, Biol. Rev.)

Metabolic-
level 

Boundaries 
Hypothesis 

Scaling slope ↓  
as T ↑  

in resting state

Scaling slope ↑   
if T ↑  

increases activity 
level



Scaling slope  
usually decreases  

as T ↑  
for inactive 
organisms

Scaling slope  
usually doesn’t  

decrease  
as T ↑  

for active  
organisms

(Glazier 2020, JCPB)



(Glazier 2020, JCPB)

Negative T effects

Mixed T effects



(Glazier 2020, JCPB)

Negative T effects

Mixed T effects



Freshwater amphipod





(Glazier et al. 2011. Ecol. Monogr.)



We are 
3/4-power outlaws!



Evolution of parallel allometry of multiple traits in amphipod populations 
inhabiting freshwater springs with vs. without fish predators 

Resting metabolic rate

Growth rate

Gill surface area

Food assimilation rate

Trait Scaling exponent (b)

0.7600.591

0.661

0.620

0.623

0.798

0.743

0.796
(Glazier et al. 2020, Biology)
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Food assimilation rate

Trait Scaling exponent (b)
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Growth rate ↑  
→ b ↑

(Glazier et al. 2020, Biology)



Growth curves

Indeterminate growth

Determinate growth

Size-selective predation 

   MORTALITY



Slope ↓ as T ↑

Slope ↑ as T ↑

0.88 to 0.52  
as T ↑  

from 4 to 16oC

0.57 to 0.93  
as T ↑  

from 4 to 16oC

(Glazier et al. 2020, JEB)



T ↑ → b ↓

T ↑ → b ↑

(Glazier et al. 2020, JEB)



Low density of cannibalistic adults High density of cannibalistic adults

Mortality risk higher for large 
adults than small juveniles

Mortality risk higher for small 
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Temperature effects on metabolic rate 
Interact with body size 

i.e., metabolic scaling slope often changes with T 

T effects on metabolic scaling, in turn depend 
on various intrinsic (e.g., activity level) 
& extrinsic factors (predation regime)

CONCLUSION 
Effects of climate warming on rates of metabolism  

& other metabolically dependent processes of organisms 
 should be studied in realistic ecological contexts
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(Glazier & Gjoni 2024, PTRSB)



Reproductive state (e.g., 83,129-131)

Reproductive strategy (e.g., 132)

Molt cycle phase (e.g., 133)

Social behaviour (e.g., 8)

Activity level (e.g., 17,21,34,77,84-95)

Growth rate (e.g., 17,43,98-107)

Locomotion mode (e.g., 2,20)

Taxonomic affinity (e.g., 1,9,17,20,22,31,59,66,73)

Mode of thermoregulation (e.g., 1,17,20,21,59,66,96,97)  

 Body composition (e.g., 8,47,66,113,134-139)

Genotype (e.g., 29,76-78)

Cell size or cellular mode of growth (e.g., 21,35-39,41,74,75)

Life-history stage (e.g., 17,29,37,44,45,61,102,108-127)

INTERACTIVE  EFFECTS 
OF INTRINSIC FACTORS

Ecological life style 

Pelagic vs. benthic (e.g., 17,21,31,37,73) 

Food habits (e.g., 2,4,66,154-156) 

Habitat/microhabitat (e.g., 4,17,21,137,157-161) 

Captivity (e.g., 162) 

Geographical location (e.g., 159,163-170)

Abiotic 
environmental 

factors 

Air vs. water (e.g., 214-219) 

Salinity (e.g., 64,65,205)

Water supply (e.g., 210)

Oxygen supply (e.g., 21,61,206-209)

Light intensity (e.g., 211,212)

Multiple 
extrinsic factors Temperature & pH (e.g., 197,234) 

Temperature & salinity (e.g., 205) 
Temperature & nutrition (e.g., 222) 

Light & air vs. water (e.g., 214) 

pH (CO2) (e.g., 197,204)

Pollution (e.g., 180) 
Day/night  (e.g., 86,87,213) 

Genotype & life-history stage (e.g., 29)

Food processing (e.g., 33)

 Body shape (e.g., 42-45,128) 

Genome size (e.g., 38,41)

Gender (e.g., 48,79-83)

Temperature (e.g., 17,21,30,31,
56-59,140,147,173,182-203)

Predators (e.g., 98-104)

Parasites (e.g., 220)

Food quantity/quality (e.g. 
100,147,181,221-229) 

Season (e.g., 171-182) 

INTERACTIVE  EFFECTS OF 
INTRINSIC AND EXTRINSIC FACTORS

BODY SIZE

Cell size (e.g., 60) 

Genotype (e.g., 231) 

Activity level (e.g., 21,56,232,233) 

Salinity (e.g., 140-143)

Latitude (e.g., 53,58,151,152)

Food supply (e.g., 147,148)

 Microplastics (e.g., 150) 

Toxicants (e.g., 149)

pH (CO2) (e.g., 144-145) 

Altitude (e.g., 54)

Temperature (e.g., 230) 

Light intensity (e.g., 212) 

Oxygen (e.g., 61) 

Life history stage & 
extrinsic factors 

Salinity, body size & activity level (e.g., 64,65) 

Light and predation (e.g., 69-70 )

Body size & genotype (e.g., 76)

Body size & activity level (e.g., 21,56) 

Body size & thermoregulatory 
mode (e.g., 59) 

TEMPERATURE

INTERACTIVE  EFFECTS OF 
EXTRINSIC FACTORS

Colony size & connectedness (e.g., 27)

Gender and reproductive  effort (e.g., 28)

Oxygen supply (e.g., 61,141,146)

Ecological life stype (e.g., 153)

Biotic environmental 
factors 

Temperature  & predation (e.g., 62,63) 

METABOLIC 
RATE

Temperature & 
intrinsic factors 

Phylogenetic affinity (e.g., 235,236)

Multiple intrinsic
factors

(Glazier & Gjoni 2024, PTRSB)




