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Zooplankton are sensitive to environmental stressors:

-nutrient loading and eutrophication (Jeppesen et al., 2011; Yang et al., 2017), 

-warming (Rasconi et al., 2015), 

-pH (Shurin et al., 2010),

-water transparency (Estlander et al., 2009), 

-phytoplankton composition (Cremona et al., 2020).

„The freshwater zooplankters occupy an important and strategic position 

within the trophic web of a lake ecosystem and are sensitive to 

anthropogenic impacts“ (Caroni & Irvine 2010)

(Jeppesen et al., 2000, 2011)



Additionally, stressors can carry synergistic effects („allied attack“ Moss et al. 2011).

(Moss et al., 2011)

Warming + Cyanobacteria

Warming + eutrophication

Cyanobacteria + turbidity

Etc.



-Stressor dominance in lakes
but with up to 30% of 
interactive effects

-Stressor multiple effect on 
zooplankton studied in 
mesocosms but harder to
quantify in natural
ecosystems

-Shallow lakes : high surface 
area relative to
their volume -> early 
responders and amplifiers 
for a variety of
environmental stressors
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Peipsi
A = 3555 km2

z = 7.1 m
zmax = 15.3 m
TP = 49 μg L-1

TN = 0.72 mg L-1

Dominant phytoplankton:
Gloeotrichia echinulata, Aphanizomenon flos-aquae
Dominant zooplankton (biomass):
Daphnia spp., Bosmina spp., Eudiaptomus gracilis

Võrtsjärv
A = 270 km2

z = 2.8 m
zmax = 6 m
TP = 48 μg L-1

TN = 0.91 mg L-1

Dominant phytoplankton:
Limnothrix planktonica, L. 
redekei
Dominant zooplankton
(biomass):
Bosmina longirostris, Chydorus
sphaericus, Mesocyclops, 
Thermocyclops
Strong presence of ciliates



Machine Learning Algorithms
(boosted regression trees, 

random forests)

Most important predictors

Multivariate
linear regression

Interaction
assessment

From plankton to equations

TN, TP, NO3, Bcyan, 
chla, T, SD, pH

Bmeta, Ameta, Bclad, Aclad, 
Bcope, Acope, Bcili, Acili



Water temperature is the
dominant stressor, 
followed by the biomass
of cyanobacteria and 
Secchi depth.

Peipsi

Võrtsjärv

Air temperature is the
dominant stressor, 
followed by pH and the
biomass of 
phytoplankton.

Cremona et al. 2020 (Climatic Change)
Cremona et al. 2021 (Hydrobiologia)



Peipsi

Antagonistic interactions:
Temperature and cyanobacteria have 
individual positive effect on 
zooplankton, but negative effect
together

Opposing interaction:
Temperature and phosphorus
counteract each other

Cremona et al. 2021 (Hydrobiologia)



Võrtsjärv

Antagonistic interactions:
Temperature and cyanobacteria have 
individual positive effect on the
abundance of Cladocerans, but
negative effect together

Same for Temperature and pH for
ciliates

Opposing interaction:
Temperature and nitrates counteract
each other for the biomass of 
Cladocerans

Same for temperature and pH for
the abundance of metazooplankton

Cremona et al. 2020 (Climatic Change)



Simulation of future conditions in Võrtsjärv : rise of total zooplankton biomass, but decrease of Cladocerans (large)



Simulation of future conditions in Võrtsjärv : rise of Copepods, no change for ciliates



Take home messages

-> temperature is the strongest stressor affecting zooplankton

-> multiple stressors affect zooplankton in both lakes

-> most interactions are opposing or antagonistic

-> global warming would favor smaller zooplankters (Copepods) at the expense of 
larger ones (Cladocerans)



Thank you for your attention !



We are grateful to Tartu Environmental Research Ltd (Estonia) for water chemistry data and to the Estonian Environment Board 
for providing long-term air temperature data and supporting lake monitoring. This research was financed by Estonian Research 
Council Grant PRG709, PRG1167, and institutional research funding P210160PKKH of the Estonian Ministry of Education and 
Research. This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 951963. Data collection within the frames of the state monitoring programme were supported by 
the Estonian Ministry of the Environment.


