
Metals, organic chemicals, microplastics – 
how sensitive is zooplankton to pollution?
Claudia Halsband
Akvaplan-niva
clh@akvaplan.niva.no

Session 2, Interactions between zooplankton and pollution, 15 March 2024



About me and APN

Research interests:

• Temperature effects on copepod life cycle traits

• Impacts of OA on copepod physiology/fitness

• Interactions between zooplankton and microplastic (MP)

• Uptake and toxicity of MP chemicals in biota

• Impacts of temp, OA, metals on copepod DNA integrity
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Zooplankton and pollution

• Pollution: making an environment unsuitable or unsafe for use 
by introducing man-made waste (Merriam-Webster.com Dictionary)

• Pollution: introduction of contaminants into the natural 
environment that cause adverse change (Wikipedia)

– any substance (solid, liquid, gas) or energy (radioactivity, heat, 
sound, light)

– foreign (man-made) or naturally occurring contaminants

wallstreetotc.comamericasquarterly.orgworldatlas.com americasquarterly.orgworldatlas.com water-pollution.org.uk



Zooplankton and pollution

• Pollution reaches marine zooplankton habitats

– conclusion: reduced biomass & diversity, especially meroplankton

© MIO
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Zooplankton and pollution

• Pollution reaches marine zooplankton habitats

– green house gas emissions → climate change

– chemicals → metals, fertilizers, (organic) chemicals

– particles → combustion ash (black carbon), microplastics

© fovito © jillcarnahan.com



Zooplankton and pollution

• indirect impacts (climate change from CO2 emissions):

– temperature rise

– ocean acidification (OA)

→ Arctic/polar: release of natural contaminants (e.g. metals)

• direct (local) impacts from human activities

– Microplastics

– Organic chemicals

– Metals



Zooplankton and climate change

• increasing temperature

– shorter development time → smaller body size

– range expansions/contractions

– altered phenologies

Seasonal variation of egg production of C. typicus (Mediterranean Sea), 
Halsband et al. 2004



Zooplankton and climate change

• increasing temperature

– shorter development time → smaller body size

– range expansions/contractions

– altered phenologies

– resilience?

Hypothesized borealisation of the Calanus complex, Renaud et al. 2018



Zooplankton and climate change

• more CO2 = OA

– zooplankton largely unaffected



Zooplankton and climate change

• more CO2 = OA

– zooplankton largely unaffected

– but: vulnerable calcifiers (e.g. pteropods)

Shell properties of Limacina 
retroversa in response to OA 
(Mekke et al. 2021)



Zooplankton and climate change

• more CO2 = OA

– zooplankton largely unaffected

– but: effects on young stages



Zooplankton and climate change

• more CO2 = OA

– zooplankton largely unaffected

– but: effects on young stages, cellular processes → mitigation?

Calanus C2-3 have high metabolic costs 
under OA+low food conditions,
Thor et al. 2017

Calanus metabolic pathways altered by OA
Thor et al. 2022



Zooplankton and climate change

• more CO2 = OA

– zooplankton largely unaffected

– but: effects at molecular level → DNA damage

Mortality and DNA damage in 
Acartia longiremis following 28-
day exposure to control and low 
pH treatments, Halsband et al. 
2021

see S2 Thur, 11:15, 
Helena Reinardy ☺



Zooplankton and climate change

• more CO2 = OA

– zooplankton largely unaffected

– but: indirect community effects



Zooplankton and climate change

• more CO2 = OA

– zooplankton largely unaffected

– back to square1?



Zooplankton and metals

© Nele Thomsen
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• Climate change → elevated 
temperature → release of metals 
from permafrost and glaciers (incl. 
Cu)

• Human activities → shipping, 
mining, sewage, anti-fouling 
coatings → metal contamination

• Long-range transport
▪ atmospheric
▪ oceanic

• Lack of pelagic data



Zooplankton and metals

• Pelagic metal concentrations in Svalbard
Region Cd Cr Cu Pb Zn References

[µg/L]
Adventfjorden 0.01-0.04 0.1-0.4 0.15-1.58 0.09-0.13 0.56-3.35 Kalinowska et al., 2020
Hornsund 0.001-4.99 0.08-6.28 0.003-2.69 0.12-17.77 Zaborska et al., 2020

Saidon et al. 2024

• Different for different metals
• Different for different species/food chains



Zooplankton and metals

• body burden/uptake

– dissolved metal uptake: Ag > Zn > Cd > Co > Se

– retention times

Wang & Fisher 1998

uptake retention



Zooplankton and metals

• body burden/uptake

– dissolved versus dietary uptake

– excretion rates

Metal uptake from water (W) and diet (D) after 4 
h of exposure and excretion after 2 h depuration

Kadiene et al. 2019



Zooplankton and metals

• body burden/uptake

– potential for trophic transfer and contamination of seafood

– Hg, Cd, Cu, Ni, Zn have a significant relationship with trophic level 
(Madgett et al. 2021)

© MacKenzieEJewell



Zooplankton and copper

• toxicity

– species-specific LC50 (96h)

– temperature-dependent
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Zooplankton and copper

• Calanus spp. response to copper (and elevated temp)

see S2 Thur, 09:15, 
Nele Thomsen ☺



Zooplankton and microplastics 

• new research field; exponential increase in studies since 2013



Zooplankton and microplastics 

• entanglement, adherence

50 µm 50 µm

Cole et al. 2013

Kang et al. 2020



Zooplankton and microplastics 

• entanglement, adherence

– unknown effects on behavior (swimming, escape, mating)

– or predator responses



Zooplankton and microplastics 

• ingestion

Vroom et al. 2017



Zooplankton and microplastics 

• Toxic or not toxic – that's the question
– polyethylene (w or w/out BP-3) – not toxic

Beiras et al. 2018



Zooplankton and microplastics 

• Toxic or not toxic – that's the question
– polystyrene – altered gene expression

Capolupo et al. 2018



Zooplankton and microplastics 

• Toxic or not toxic – that's the question
– depends… on the MP properties

Botterell et al. 2018



Zooplankton and microplastics 

• Toxic or not toxic – that's the question
– mainly competition with food (=reduced feeding), toxicity from additives



Zooplankton and microplastics 

• Toxic or not toxic – that's the question

–  Yu et al. 2020: crustaceans (copepods, daphnids) >> meroplankton, euphausids



Zooplankton and microplastics 

• Toxic or not toxic – that's the question
– He et al. 2022: yes, negative effects on…



Zooplankton and microplastics 

• Effects on the biological carbon pump?

Parvez et al., 2024



Zooplankton and organic chemicals 

• oil pollution:

– bioaccumulation and toxicity of PAHs (polycyclic aromatic
hydrocarbons)

Almeda et al. 2013



Zooplankton and organic chemicals 

• POPs (persistent organic pollutants)

– low trophic magnification = high retention

Plankton accumulate polybrominated diphenyl ethers (PBDEs) 
and polychlorinated dibenzo-p-dioxins and dibenzofurans 
(PCDD/Fs)

Castro-Jiménez et al. 2021



Zooplankton and organic chemicals 

• car tire rubber additives, toxic leachate cocktails

Halsband et al. 2020



Zooplankton and pollution

• Metals

• Microplastics

• Organic chemicals

• backdrop of climate change et al.→ multistress!

Landrigan et al. 2020



Zooplankton multistress in CLEAN

• CLEAN: cumulative impact and risk from multiple stressors in 
High North ecosystems

– climate change

– short and long-range transported pollutants

– species invasions (e.g. king crab)

– harvesting (fisheries)

– aquaculture (salmon farming)

– …



Zooplankton multistress in CLEAN

• trait-based analysis of vulnerability

– which traits are relevant to which stressor(s)?

– integration with other trophic levels/functional groups

▪ benthos, fish, mammals, seabirds

Butt et al. 2022



Conclusions

→high individual and species-specific variability→ resilience?

→some inconclusive/contradictory results

→cocktail effects understudied

→multistressor conditions understudied

→more trait-based approaches?
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