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Environmental 
conditions

• Organisms encounter many 
environmental conditions. 

• Sometimes these conditions can 
have beneficial effects on the 
organisms. 

• For example in ectothermic 
species, temperature increases 
could increase their growth rate 
(Nilsson-Örtman et al. 2012) or 
upregulate their immune function 
(Prokkola et al. 2013). 

Ecological 
conditions

• Yet, environmental conditions can also be 
perceived as stressful. 

Stress in forest ecosystems 

The importance 
of 
environmental 
stress

• In nature, organisms face many environmental 
conditions both in isolation and combined that are 
often stressful. 

• Understanding and predicting how these 
environmental conditions and their interactions 
affect different levels of biological organization is a 
key challenge in stress research. 

• This problem asks for an integrated approach in 
research including chemistry, medical aspects of 
adaptation, toxicology, ecology, agriculture, plant 
and animal physiology.
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Environmental 
stress

Stress is defined as an 
internal state outside 
an organism’s normal 

operating range 
(Steinberg 2012) 

Stress induces 
specific biochemical 

and physiological 
responses that 
counteract its 
consequences 

(Hawlena & Schmitz 
2010) 

Biotic and abiotic 
environmental 
stressors affect 

organismal 
development

This can create 
individual and 

population 
differences in life 
history strategies 

(Luoto et al. 2019)

Ecological 
stoichiometry

Ecological stoichiometry is a field of 
research that focuses on the interactions 
of organisms with their environments 
and the subsequent changes in the 
elemental composition of their bodies 
(Elser et al. 1996; Sperfeld et al. 2017)

Organisms can regulate their internal 
state by adjusting food intake and 
metabolism which have the potential to 
affect the elemental composition of the 
organisms (Trakimas et al. 2019)

Examples of studies suggesting that stress (predators, climate change, 
pesticides) increases body C, lowers body N, increase the C/N ratio and affects 

other elements

Stress and 
ecological 
stoichiometry

Several 

environmental 

factors are known to 

influence elemental 

composition of 

organisms:

pollution (De 

Senerpont Domis et 

al. 2014)

ambient 

temperature 

changes (Zhang et 

al. 2016)

predation risk 

(Janssens et al. 

2015; Krams et al. 

2016; Van Dievel et 

al. 2016)

Thermal performance curve (TPC) for a 
typical ectothermic animal. The critical 
thermal minimum (CTmin) and 
maximum (CTmax), optimal 
performance temperature (Topt), near-
optimal performance breadth, and 
overall temperature tolerance range 
are indicated (from Noyes & Lema
2015)

Thermal response curves of body 
elemental composition of high- and low-
latitude Ischnura elegans larvae: (a) C 
content, (b) N content, and (c) molar C:N 
ratio. Grey bands around the curves 
represent 95% confidence intervals.

Ischnura elegans adult and larvae 
(photo credit: adults – R. Stoks, larvae 
– C. Brochard). 

Single stressor
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The estimated elemental composition of macromolecules and the contribution of 
the macromolecules to the total body dry mass and the total body C and N contents. 

Dm = dry mass per larva (Van Dievel et al. 2019)

Hypothesized 
changes to 
elemental 
composition 
caused by 
predators

• Predator-induced stress generally increases 
metabolic rate (Hawlena & Schmitz 2010; Krams
et al. 2013)

• Subsequently rising energetic demands increase 
the overall demand for carbohydrate-based fuel 
and lower the need for nitrogen-rich (N) proteins 
necessary for growth

• Under such circumstances, the body utilizes 
proteins to produce glucose (Hawlena & Schmitz 
2010)

Photo: Enno 
Merivee

Predation risk and 
elemental composition 
in D. melanogaster

Krams et al. 2016 PeerJ

Single stressor

Gryllus integer

• After five generations of selection 
for developmental 
speed, developmental time (the 
average maturation time ± SD) of 
crickets was:

• rapidly developing individuals: 
91.03 ± 6.06 days

• control group: 117.33 ± 7.53 days

• slowly developing crickets: 136.17 
± 8.28 days. 

Developmental speed 
and elemental 
composition

Average carbon percentage (A), 
nitrogen percentage (B) and carbon-
to-nitrogen ratio (C) in Gryllus

integer crickets selected for slow 
development (S, squares), rapid 
development (R, circles) and control 
developmental (C, diamonds) lines. 
Error bars: 95%CI. Asterisks indicate 
significant differences between the 
lines (*P < 0.05) (Trakimas et al. 
2019)

Single stressor
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Representation of additive, 
antagonistic and synergistic 
interactions between two stressors 

Multiple stressors

Elemental composition of Enallagma

cyathigerum damselfly larvae as a function 
of exposure to chlorpyrifos and predation 
risk: (a) C content, (b) N content, (c) P 
content, (d) C:N ratio, (e) C:P ratio, and (f) 
N:P ratio. Given are the least-squares 
means (+ 1 s.e.) (Van Dievel 2019).

Two factor model

Growth rate of Scenedesmus obliquus 

algae under control conditions (absence 
of chlorpyrifos and absence of predation 
risk) on a medium with faecal pellets 
originating from Enallagma cyathigerum

damselfly larvae that had been exposed 
to combinations of chlorpyrifos and 
predation risk (Van Dievel 2019).

Two factor model

The wolf: A 
key-species 

in the 
ecosystem of 
Yellowstone 

Conclusions

o Predators, climate, pesticides can have single effects on prey individuals;

o These factors may have a number of combined additive or synergic 
effects on insects in the agricultural and forest ecosystems;

o The direction and magnitude of the outcome of combined effects caused 
by climate, pesticides and predators are difficult to predict; 

o Explicit focus on ecological stoichiometry has the potential to sharpen 
predictions and to move the whole general stress paradigm forward 
through a more holistic understanding of organismal responses to 
fluctuating selection pressures including climate change.

A key challenge for ecologists, agriculture
and forestry scientists is to predict how
single and joint effects of global warming,
developmental stress, population density,
pesticide use, other kind of pollution and
predation risk translate from the individual
level up to ecosystem functions. This is
crucial to ensure sustainable development.
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Thank you!


