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Temperature effects on copepod life cycle traits

Impacts of OA on copepod physiology/fitness

Interactions between zooplankton and microplastic (MP) 2

Uptake and toxicity of MP chemicalsin 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




Zooplankton and pollution

Pollution reaches marine zooplankton habitats

) A
ZOOPLANCTON ET POLLUTION / ‘ \ \ @& ‘ \ o

Georges Citarella
Laborateire de Biclogio animale [Plancton), Université de Provence, Marseille [1).

1973

Résumé

Des péches planctoniques effectuées au cours d'une annde, dans les eaux
polluées des ports Sud de Marseille, ont révélé Iexistence d'un peuplement composé
de 129 zooplanctontes,

Ce zooplancton de milieu pollué représenu umne faible biomasse (12 & 374 indi-
vidus par m?) of le méroplancton n'oceupe que 7 p. 100,

Les eanx polluées portuaires cons stituent un biotope faunistiquement pauvre oi
l_: zooplancton subit une diminution & la fois qualitative et quantitative par rapport
i I'ensemble des eanx du golfe de Marseille,

— conclusion: reduced biomass &




Zooplankton and pollution

* Pollution reaches marine zooplankton habitats

— green house gas emissions =2 climate change
— chemicals = metals, fertilizers, (organic) chemicals

— particles = combustion ash (black carbon), microplastics




Zooplankton and pollution

* indirect impacts (climate change from CO, emissions):
— temperature rise
— ocean acidification (OA)
— Arctic/polar: release of natural contaminants (e.g. metals)

e direct (local) impacts from human activities
— Microplastics
— Organic chemicals

— Metals Akva&flaﬂiva



Zooplankton and climate change

* increasing temperature
— shorter development time = smaller body size
— range expansions/contractions
— altered phenologies
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Zooplankton and climate change

* increasing temperature
— shorter development time = smaller body size

— range eXpanS|0nS/C0ntraCtI0nS Borealization
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Zooplankton and climate change

* more CO, = 0A
— zooplankton largely unaffected

Journal of Experimental Marine Biology Ej
and Ecology it

lume 428, 1 October 2012, Pages 39-42
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Zooplankton and climate change

* more CO, = 0A
— zooplankton largely unaffected

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

Deep Sea Research Part II: Topical =
Studies in Oceanography

Volume 127, May 2016, Pages 41-52

PR

Regular article

Outer organic layer and internal
repair mechanism protects pteropod
Limacina helicina from ocean
acidification
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Zooplankton and climate change

* more CO, = OA
— zooplankton largely unaffected

— but: effects on young stages

(N — Elnbal Change Biology

Lilobal Change Biology (2005 20, 337733405, doiz 101711/ g 12582

Have we been underestimating the effects of ocean
acidification in zooplankton?

GEMMA CRIFPPS"?, PENELOPE LINDEQUE” and KEVIN J. FLYNN'
'['zr:lfre':q' Susfainufle Aquute Kewurch (CSAR), Saounsen Unfeercity, Suensm SAZ 8PP, UK.."'J'Jr_.Inwlﬂh Muarire [ahorutry,
Prospect Place, Weesf Hoe, Plymowth FLT 300, UK
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Zooplankton and climate change

* more CO, = 0A

— zooplankton largely unaffected

— but: effects on young stages, cellular processes = mitigation?
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Calanus C2-3 have high metabolic costs
under OA+low food conditions,
Thor et al. 2017
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Zooplankton and climate change

* more CO, = 0A
— zooplankton largely unaffected
— but: effects at molecular level > DNA damage

20 1 A) Exp2 B) Exp3
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Zooplankton and climate change

* more CO, = OA
— zooplankton largely unaffected

— but: indirect community effects

3 Slobal Change Biology

PRIMARY RESEARCH ARTICLE

Ocean acidification alters zooplankton communities and
increases top-down pressure of a cubozoan predator

Edd Hammill %%, Ellery Johnson, Trisha B. Atwood, Januar Harianto, Charles Hinchliffe, Piero Calosi,
Maria Byrne

First published: 29 August 2017 | https://doi.org/10.1111/gcb.13849 | Citations: 12 Akvaplan-
<Nniva



Zooplankton and climate change

* more CO, = OA

— zooplankton largely unaffected

— back to squarel?

PERSPECTIVE article

Front. Mar. Sci., 13 May 2021
Sec. Coastal Ocean Processes
Volume 8 - 2021 | https://doi.org/10.3389/fmars.2021.613778

This article is part of the Research Topic
Acidification and Hypoxia in Marginal Seas

View all 36 Articles >

Comparative Sensitivities of Zooplankton to
Ocean Acidification Conditions in
Experimental and Natural Settings

Julie E. Keister? ﬂ Anna K. McLaskey?**

t Katherine E. Keil! ’ Terrie Klinger”

1 School of Marine and Environmental Affa rs, University of Washington, Seattle, WA, United States
2 School of Oceanography, University of Washington, Seattle, WA, United States

3 Institute for the Oceans and Fisheries, The University of British Columbia, Vancouver, BC, Canada
4 Hakai Institute, Campbell River, BC, Canada
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Zooplankton and metals

* Climate change = elevated
temperature = release of metals
from permafrostand glaciers (incl.
Cu)

. Human activities = shipping,
mining, sewage, anti-fouling
coatings = metal contamination

* Long-rangetransport
=  atmospheric
= oceanic

 Lackof pelagic data

© Nele Thomsen <—NINa

DesignedinBioRender.com



Zooplankton and metals

e Pelagic metal concentrations in Svalbard

Region Cd Cr Cu Pb Zn References
[ug/Ll]
Adventfjorden 0.01-0.04 0.1-0.4 0.15-1.58 0.09-0.13 0.56-3.35 Kalinowskaetal., 2020
Hornsund 0.001-4.99 0.08-6.28 0.003-2.69 0.12-17.77 Zaborskaetal., 2020
e 'o"\\ N . .
\g\om&m\c& D!fferent for d!fferent meta Is '
o ¥ ¥ « Differentfor different species/food chains
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Zooplankton and metals

* body burden/uptake
— dissolved metal uptake: Ag >Zn > Cd > Co > Se
— retention times
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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
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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)

Akvaplan

= hiva
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Zooplankton and copper

* toxicity
— species-specific LCs, (96h)
— temperature-dependent

20,000

15,000
i)
2 10,000 —e— Tigriopus japonicus  Li etal., 2014; Kwokand Leung, 2005
o o Tigriopus brevicornis Barka et al., 2001

5,000 —eo— Eurytemora affinis F - Zidouretal., 2018
1
38 150 -
0 o ©
0 5 10 15 20 25 30 35 40 Akvaplan.

T[°C]



Zooplankton and copper

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

see S2 Thur, 09:15, Akvaplan.
Nele Thomsen © = hiva



Zooplankton and microplastics

* new research field; exponential increase in studies since 2013

Table 1. Capacity for a Range of Zooplankton to Ingest
Microplastics, Demonstrated Using Fluorescent.

U =

Microplastic Ingestion by Zooplankton

Matthew Cole, " Pennie Lindeque,” Elaine Fileman,” Claudia Halsband,* Rhys Goodhead,*
Julian Mogel',§ and Tamara S. Galloway“

"Plymouth Marine Laboratory, Prospect Place, The Hoe, Plymouth PL1 3DH, United Kingdom

'Akvaplan-niva AS, FRAM — High North Research Centre for Climate and the Environment, N-9296 Tromso, Norway

“College of Engineering, Mathematics and Physical Sciences: Physics, Physics Building, University of Exeter, Stocker Road, Exeter
EX4 4QL, United Kingdom

IICollege of Life and Envi I Sci : Biosciy Geoffrey Pope Building, University of Exeter, Stocker Road, Exeter EX4
4QD, United Kingdom

AB&TRACT Small plmk demm‘, larmed “microplastics”,
are a wi d and of marine
ecosystems across the globe Ingestion of microplastics by
marine biota, including mussels, worms, fish, and scabirds, has
been widely reported, but despite their vital ecological role in
marine food-webs, the impact of microplastics on zooplankton
remains under-researched. Here, we show that microplastics
are lngestzd by, and may lmpact upon, mophnkmn. We used
egestion, and
adherence of mm |astr<s in a range of 2 zooplankton common
to the northeast Aﬂanllc. and employed feeding rate studies to
determine the impact of plastic detritus on algal ingestion rates
in copepods. Uslng ﬂuomscence and coherent anti-Stokes
Raman (CARS) we identified that
duneen zoophnkkon taxa had the upmty to ingest 1.7—-30.6 um polystyrene beads, with uptake varying by taxa, life-stage and

pepods egested faecal pellets laden with microplastics. We further observed microplastics adhered to

lhe enenul canpace and dages of exposed of the copepod Centropages typicus to natural
assemblages of algae with and without microplastics showed that 7.3 pm mmphsncs (>4000 mL™") significantly decreased algal
feeding. Our findings imply that marine microplastic debris can negatively impact upon zooplankton function and health.

Microscopy”

oxgarin tanamarny.
Holoplankion (Copepods)

Acartia cius Copepoda
o)

Acartia cius Copepoda
TEneids)

Acrtia drui Copepods
(Calanoida)

Calanns Copepoda
felpndioss (i)
Calamus Coproda
felpndioss (i)
am Copepods
fgolandicus{Calanoida)
Catums Copepods
Tegindion (Caancids)
Centrapages Copepoda.
i Clneids)

Cntry Cope
i iR
Cintrupages ‘ope
i o
Temora. Copepoda.
Begearss oo
Temora Copepoda
Bengares {Conoide)
Temord Copepoda
gioseis oty
Hologlanktan (Other)
Dolihe  Tunlcata

Faphussdac Euphawiscea
Purwsagita sp. Chatogniiha
Parssagita sp. Chastognatha
Oblia . Coidaia

(Hydrosoa)
Siphonophos  Coidara
e o)
Mercplankaan

Bivabvia (larvag)  Mollusea
Brachyurs D
fnuhmﬂﬂpﬂ) i

By Dcapania
Canden flarae)  Dicapods
Paguridac Decaponia

Microzooplankson
Ouaprrhis maring - Dinoflagellata
“Microplastic uptake is based

il

73
204

204

204
206

06

kX

expoca
duration "
G e

¥or ¥ ¥ ¥
]
H
E

oy oY oY OR R B O¥
|
H

i of o3 3§ 1%

[ -
LA N ]

partial

H

¥ oy ¥ o¥¥

T e

o the number of individuals in o
treatment (n = 26) that contained beads in their alimentary canals o
body cavity following | or 24 b exposures to either 7.3, 206, or 306
m fluorescent polystyrene beads. ESD = equivalent spherical
diameter. Scoring systems yes (»50%); partial {<50%); no (69%).



Zooplankton and microplastics

entanglement, adherence

a i
o
- -

Cole et al. 2013

(=== Kangetal.2020




Zooplankton and microplastics

* entanglement, adherence
— unknown effects on behavior (swimming, escape, mating)

— or predator responses

Akvaplan
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Zooplankton and microplastics

* ingestion
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Zooplankton and microplastics

e Toxic or not toxic — that's the question

— polyethylene (w or w/out BP-3) — not toxic

Polyethylene
microplastics spiking ingestion

—

P

.Sl m =
® e

Benzophenone-3 Marine zooplankton
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Virgin PE-MP BP3-PE-MP low  BP3-PE-MP high

Beiras etal. 2018
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Zooplankton and microplastics

e Toxic or not toxic —that's the question

— polystyrene — altered gene expression

100 ™= embryotoxicity 100 192 h retention of ingested polystyrene MP

k] <o~ 48h pf
=3
= -~ 3d pf
- P i zf 80 £  No effects on embryo-larval development
‘g‘ o~ 9d pf 2 and food consumption
S 60 60 %
- 7
© (4 ) -
® 40 o Transcriptional alterations
& 40 g
° £
£ =
5 20 20 ®
£ 5
X § =@ Immune response
0 “®= Lysosomal response
0 50 100 500 1,000 5,000 10,000 4+ =@ Biomineralization
“® Neuroendocrine signaling
“@= ROS scavenging

0 R e
-1 -1 T T T
sl control 50 MPmL" 500 MP mL"' Ak\laplan.
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Capolupo et al. 2018



Zooplankton and microplastics

e Toxic or not toxic — that's the question
— depends...on the MP properties

Akvaplan

= hiva

Botterell et al. 2018



Zooplankton and microplastics

e Toxic or not toxic —that's the question

— mainly competition with food (=reduced feeding), toxicity from additives

-

PARTICULATE PLASTICS
i TERRESTRIAL ano
AQUATIC ENVIRONMENTS

"Fi"!"a b

Chapter

Ecological Impacts of Particulate
Plastics in Marine Ecosystems

By Claudia Halsband, Andy M. Booth

Book Particulate Plastics in Terrestrial and

Agquatic Environments

Edition 1st Edition

First Published 2020

Imprint CRC Press

Pages 16

eBook ISBN 9781003053071 Akvaplan-
Z—NnNNa



Zooplankton and microplastics

e Toxic or not toxic —that's the question

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

A)MPs (0.1-10 pum) B) MPs (>10-100
_ 50( e PR - ” (A) Survival (B) Growth (body length)
v
Holoplankton g’ 25 i - ox i -~ I
2 O — — ’ T L] o
r 4 % 5 !IJ _w 25
g L =)
/r?" ‘3, -50 é\/ =50 |
/){" 8 > 4]
P B 75 — (Copepods =11} =75
T —— Daphnids m— (opepods g
-100 S -100 : ; . - : )
:1%)0 5 (C) Development time (D) Fecundity
= N/L N/L \L_/
g o i il
it
o 25
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=75
-100

Bivalves Daphnids Copepods Bivalves Daphnids Copepods



Zooplankton and microplastics

e Toxic or not toxic —that's the question

— He et al. 2022: yes, negative effects on...

Impacts MPs integrating into the
plankton community

/ Intestional dam% MPs

Filter feeders

Feeding Lo a
Growth Ingestion = Integration Availabillty of
zooplankton
Spawn . . eqe ~
.’ ¢ Bioavailability of
Lifespan " ARAR MPs
— .ﬁ Jo g

Gene expression
/ Zooplankton




Zooplankton and microplastics

* Effects on the biological carbon pump?

MPs in Water
o lw L

{30 [
v
U t}* b3

Large Fish/  ~_ ,f Zooplankton/
Other Animals \ Small Fish

Parvezetal., 2024
Akvaplan.
<Z—NINa



Zooplankton and organic chemicals

* oil pollution:
— bioaccumulation and toxicity of PAHs (polycyclic aromatic
hydrocarbons)
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Zooplankton and organic chemicals

POPs (persistent organic pollutants)

5.0

— low trophic magnification = high retention

- A‘ A. bonito 1 1
- ‘ nemte - Plankton accumulate polybrominated diphenyl ethers (PBDEs)

and polychlorinated dibenzo-p-dioxins and dibenzofurans

PCBs a
voe: MK (PCDD/Fs)

{p=0.0001) A, chub
mackerel
(5. colfas)
ocoD
PCDD/Fs [TMEF= 0.4]
R*=0.3124 &
(p=0.32)
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Castro-Jiménez et al. 2021 Akvaplan
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Zooplankton and organic chemicals

e car tire rubber additives, toxic leachate cocktails

Zn Bisphenal A
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Zooplankton and pollution

EAN POLLUTION

Metals
Microplastics
Organic chemicals

¢ 8 [andrigan et al. 2020

backdrop of climate change et al.> multistress!

Akvaplan.
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Zooplankton multistress in CLEAN

e 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

e trait-based analysis of vulnerability
— which traits are relevant to which stressor(s)?

— integration with other trophic levels/functional groups
= benthos, fish, mammals, seabirds

Traits Framework Traits-Stressors Matrix Vulnerability Score

Species’ Traits
Expert ; ;
Elicitation Trait Types SEEEss SREEEEE -
o TraitA v
- Movement Trait B v Ve Relative Vulnerability Score
Reproduction 4 4 .&1 TaxonA Taxon B ...
o e Stressor A 0.000 0.504 0.336
Specialization = ili
pecializatl Inferred Vulnerability to Stressors Vu';’;::ggll“ty Stressor B 0258 0093  0.118
Spatial scale StressorA Stressor B o 0.792 0.000 0.915
i Biophysical Trait A NONE Low MEDIUM
Literature Trait B HIGH NONE NONE
Review

Akvaplan.
.. MEDIUM HIGH NONE Butt et al. 2022 ‘f\ nlva



Conclusions

-2 high individual and species-specific variability = resilience?
— some inconclusive/contradictory results

—> cocktail effects understudied

- multistressor conditions understudied

- more trait-based approaches?

Akvaplan
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