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A Daphnia spp.

, 1 he freshwater zooplankters occupy an important and strategic position 12- “\E“ ?
within the trophic web of a lake ecosystem and are sensitive to 8 = %\%

anthropogenic impacts” (Caroni & Irvine 2010)

B Small cladocerans
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Zooplankton are sensitive to environmental stressors:

C All cladecerans

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

Body weight (ug DW indiv. ')
f=.
|

-warming (Rasconi et al., 2015), D Cyclopoid copepods

-pH (Shurin et al., 2010), 5 @aé/m

E calanoid copepods

-water transparency (Estlander et al., 2009), 6

d %é/iuiij

-phytoplankton composition (Cremona et al., 2020).
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(Jeppesen et al., 2000, 2011)



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

Warming + Cyanobacteria

warming, changes in precipitation -
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Warming + eutrophication
Cyanobacteria + turbidity

Etc.
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large zooplankton

(Moss et al., 2011)
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M) Check for updates izl :
- [ Basin study

Cross-basin studies

Impacts of multiple stressors on freshwater biota
across spatial scales and ecosystems

®  Lake site
B Riversite
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Share of analytical cases

Fig. 2 | Stressor effect types in lakes and rivers. Share of analytical cases across experiments, basin studies and cross-basin studies from lakes (n=155)
and rivers (n=119), for which only a single stressor (dominance), both stressors (additive) or their interaction significantly contributed to the variability of
the biological response.

-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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Vortsjarv
A =270 km?
z=2.8m
Zmax = 6 m
TP =48 pg L?
TN =0.91 mg L
Dominant phytoplankton:
Limnothrix planktonica, L.
redekei
Dominant zooplankton
(biomass):
Bosmina longirostris, Chydorus > "
sphaericus, Mesocyclops, “R::?;ff
Thermocyclops :
Strong presence of ciliates

Poltsamaa

Rongu

Taagepera

R O

Jogeva

Palamuse
Peipsi
A = 3555 km?
4 z=7.1m
: Zax = 15.3 m
e TP =49 pg L?
s | TN=0.72 mg L
resaa : . +| Dominant phytoplankton:
S Gloeotrichia echinulata, Aphanizomenon flos-aquae
Dominant zooplankton (biomass):
Daphnia spp., Bosmina spp., Eudiaptomus gracilis
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From plankton to equations
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Response variable Most influential predictor (%) Predictor 2 (%)

Peipsi
. Aclad B yvan WT
Water temperature is the " @ TP
. cope
minant str r
dominant st esso., A = T
followed by the biomass % @ -
of cyanobacteria and - )
. Bclad @ chan
Secchi depth. —
Bl (WT) SD
Broti TN chan
B.oo @ TN
Vo rtsiérv Variable Explained variance (%) Top 5 variable relative influence (%)
A 67 ). Bypyio (10), pH (10), HCO; (8), CODmn (8)
Air temperature is the Bineta 70 ), pH (13), Byhyro (10), NO;3 (3), HCO; (3)

. Ages 74 Boisio (59.1), NO3 (10.8), Tyir (9.3), pH (8.6), TN (5.8)
dominant stressor, Bij 80 49.9), Ty (16.4), Bypyto (12.2), pH (10.1), TN:TP (5.1)
followed by pH and the A 62 2)‘ Bypyto (12.1), HCO; (12), CODmn (9.4), TP (8.3)

Acope 70 4r28.6), pH (4.7), Byyio (4.5), WL (3.7), CODmn (2.5)
phytoplankton. Beope 80 (Ft&A9). pH (3.3), WL (2.5), Byyyro (2.2). O (1.5)

A yi. (T5153.7), pH (18.7), WL (6.5), Byhyio (4), HCO; (4)

B T i @)), pH (30.3), NO;3 (4.3), WL (3.8), Bphyto (3.4)

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)

Response variable Fixed effects Estimate Standard error t value P Interaction
Adaa 20345 0.08302 2.451 0.01567%
0.13622 0.08415 1.619 0.10806
0.26911 0.08451 3.184 0.00184 %
- 0.42899 0.08158 5.258 6.22¢-07
Beiaa : 0.08000 1.964 0.0517
0.38477 0.08144 4.725 6.18¢ —06%+*
0.16210 0.08109 1.999 0.0478*
- 0.33139 0.07862 4.215 4.79¢ — Q5%
Asie — 0.003865 0.073323 0.053 0.95804
0.50070: 0.073619 6.801 de— 1055
— 0.246638 0.074014 3.332 0.00114 %
0.134830 0.066532 2.027 0.04487*
Bl =9407e—-05 0.07754 0.001 0.999
WT 0.3699 0.07799 4.743 5.73e —06%%%
SD 0.3474 0.07918 4.388 2.43e =055
WT#* SD - 0.006969 0.07207 0.097 0.923 Antagonistic
Arori 8.453e—15 0.06474 0.000 1.00000
SD 0.1981 0.06511 3.043 0.00286**
TN - 0.07423 0.06735 1.102 0.27255
SD* TN 0.01270 0.05754 0.221 0.82564 Opposing
Bros 1.581e—16 0.07660 0.000 1.000
TN - 0.1280 0.08060 1.589 0.115
Béyan — 0.05239 0.07832 0.669 0.505
TN* By 0.08264 0.08158 1.013 0.313 Antagonistic
Aoois 3.408e—15 0.05854 0.000 1.00000
WT 0.3692 0.05888 6.271 5.54e—09%#
SD 0.1971 0.05977 3.298 0.00127
WT#* SD — 0.08986 0.05441 1.651 0.10121 Antagonistic
Bzso — 8.017e~17 0.06867 0.000 1.0000
WT 0.5107 0.06926 7.373 2. 14e —11%%%
TN — 0.05577 0.06891 0.809 0.4199
WT#* TN 0.1216 0.07220 1.684 0.0947 Opposing

Significant correlations are in bold



Vortsjarv

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)
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Simulation of future conditions in Vortsjarv : rise of total zooplankton biomass, but decrease of Cladocerans (large)
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Simulation of future conditions in Vortsjarv : rise of Copepods, no change for ciliates
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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)
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