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What are we talking about?

www.multicecotox.csic.es

Se puede ver el video en el enlace arriba

liCecotiox



ECOTOXICOLOGY

The word ecotoxicology was proposed in 1969 by René Truhaut

The science of the effects of the contaminants on ecosystems

TOXICOLOGY: effects of the chemicals on one species

(ej.: experiments with animals ‘ human health)

ECOTOXICOLOGY: biological effects of chemicals on “ecosystems”




ECOTOXICOLOGY - improving the ERAs (toxicity)

One line of evidence to environmental risk assessment (ERA)

Chemistry exposure as
Sediment Chemistry Inclex

@

Community health as

‘W Q Sediment Benthos
Toxicty Benthos . Index
| | |

[ 2

Sediment Quality Sediment
Triad Index Quality Triad
Category Index Score

Possibly impacted >35-57
Likely impacted >5-35

Toxicological response
as Sediment
Toxiclty Inclex

Department of Ecology
State of Washington Incanelusive

ERA-sloot_risk

= Methods should be practical, easy and cost-effective: standardization for legal use (government and industries)




Experimental evolution — practicality vs. relevance

Test organisms
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Toxicologists vs. Ecologists

a) Toxicologists interested in the environment.

b) Ecologists interested in contamination.

1970s by toxicologist
the environment (!}
basic principles of the s & were those

of toxicology: experimental testing, ¢ 5 of

chemical concentrations. Handbooks docu
ment the various tests that have been deve!-

oped (2-4), but the role of

cotoxicology was first developed in the

19705 by toxicologists with an interest in
the environment (1). ':::I:Jr'lhl.‘-l'.]lll"II[]:l.'. the
basic princinles of the science were those

Understanding

Meta-ecosystem and landscape-level

— y-diversity — distributions (e.g. spatial, temporal, structure)
— Source-sink dynamics (e.g. abiotic and bictic fluxes)

Ecosystem
— nutrient cycling — organic matter processing — productivity

Community

— structure — a-diversity — food webs
—+ interspecific relationships (e.g. competition)

Population
— density — age structure — sex ralio

Individual
— growth — behaviour — filness — mortality

Physiological

— metabolism — cell signalling
= hormone system

Schéfer and Bundschuh, 2018.

aouena|al [e2160j023



FORCED EXPOSURE — mandatory exposure in a chemically heterogeneous scenario

Environmental Risk Assessment
(ERA)
Chemical Eonléiglcal Ecotoxicity
analysis studies assays
J Imagine the following scenario:
Forced and mandatory

1. Some organisms can swim

exposure

l 1. The contamination is not homogeneously distributed
Responses

l _0,@ Why should the exposure to contaminants
P w— be considered mandatory?

(Protein, gene, cell, tissues...)

Individual
(mortality, feeding, bioaccumulation...)

Population
(growth, sex ratio, reproductive rate...)

|

TOXICITY ON
ORGANISMS




HOW TO FACE THE CONTAMINATION?

C')

Optlon A: Flght ‘ v Physiological processes are
triggered to maintain the

homeostasis

i H l | Forced and mandatory exposure

'Q) Option B: Flight ‘ v’ Perspective form individuals (traditional
W ecotoxicology): no suffering

- e = e

= = |l =

>

v’ Ecological perspective:

9



A COMPLEMENTARY TOOL BASED ON DISPLACEMENT

Environmental Risk Assessment
(ERA)
/ .\

Chemical Ecological || Ecotoxicity
analysis studies assays |

CHANGING THE PARADIGH

Ecological death

Tradifonal EPOsY 2 - a
soproach || e R AND ETTEEL Avoidance [ N 1T LETE T I
Immediate response

Forced and mandatory Non-forced multi- *
exposure compartmented exposure

Population decline
l l A R

Growth, feeding, reproduction Mortality

l l Biochemical changes

Responses New concepts

Sub-organism SPATIAL T O rg anisms
(Protein, gene, cell, tissues...) AVOIDANCE
Individual HABITAT HABITAT Contaminant
(mortality, feeding, bioaccumulation...) SELECTION CONNECTIVITY
Population HABITAT
(growth, sex ratio, reproductive rate...) METAPOPULATION FRAGMENTATION
TOXICITY ON SPATIAL DISTRIBUTION

ORGANISMS OF ORGANISMS




SHIFTING THE APPROACH

Are organisms able to escape from
contaminants thus not suffering toxic

effects?

What is the role of contamination on

organisms habitat selection

processes?




WHAT IS KNOWN?

(@) Inlet (b) Inket Inlet  (c) Inlets (d) - - —
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4 Simulating less realistic contamination scenarios

4 They can not calculate estimate ACx values (avoidance concentration)




WHAT IS PROPOSED?

Types of multi-compartmented exposure systems
—

' LINEAR SYSTEM — 1D | . HeMHAS - 2D
— —
Gradiente of contamination Heterogeneous (patchy) contamination distribution
- N 4 METHODOLOGICAL
Less " More PR e el CHANGES
contaminated contaminated \

\ CONCEPTS TOBE INTEGRATED INTO ECOTOXICOLOGICAL STUDIES

[ Habitat selection | CONCEPTUAL

Recolonization |Chemical fragmentation of habitat | | Habitat connectivity | CHANGES




THE MULTI-COMPARTMENTED, NON-FORCED EXPOSURE SYSTEMS

Peristaltic pup

Peristaltic pump

Lopes et al., 2004
Moreira-Santos et al., 2008
Rosa et al., 2008

v To simulate more realistic contamination scenarios.

v’ To estimate ACs values.



THE COMPARTMENT (PREPARING A NEW SYSTEM)

Se puede ver el video en este enlace:

http://www.multicecotox.csic.es/index.php/results/13-preparing-a-linear-multi-compartmented-system




THE DISPLACEMENT OF THE ORGANISMS

Se puede ver el video en este enlace:

http://www.multicecotox.csic.es/index.php/missions




HeMHAS — HETEROGENEOUS MULTI-HABITAT ASSAY SYSTEM

Se puede ver el video en este enlace:

http://www.icman.csic.es/es/un-nuevo-sistema-de-
experimentacion-para-evaluar-como-los-contaminantes-
condicionan-la-distribucion-espacial-de-los-organismos/




CONCENTRATION-RESPONSE RELATIONSHIP

The contamination-driven organisms’ distribution and the avoidance response
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It is similar to the calculation of the LCx/Ecx; therefore, it is
e R : possible:

]
¥
]

v To compare sensitivities

v v To integrate with other endpoints (some avoid, some
AC50 [e.g. Cu] suffer toxicity)




MORE “ECO” INTO ECOTOXICOLOGY

Is the contamination the

determinant factor for the spatial

distribution of the organisms?




REPELLENCY
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REPELLENCY AND LOSS OF MOTILITY

Spiking methods

Exposure system and endpoints

Test organism Chemicals
Palaemon varians
Sunscreens
P  (A,Band ()

Direct
immersion

Homogenization

Non forced
exposure

Avoida nce“to- f’h’é control

Forced exposure

Some loss of motility and mortality




Peringia ulvae
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¢ AC, =RCypg, ?
AC: Avoidance concentration

RC: Recolonisation concentration

3 Rs (Replacement, Reduction, Refinement)
Less fish to be used in experimentation

To reduce the suffering

(RE)COLONISATION
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Avoidance (%)

Poecilia reticulata

Atrazine: pesticide banned in
European Union, but used in
many countries
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HABITAT FRAGMENTATION (CHEMICAL BARRIER)

['\)F"a — [:‘;—:-_:9

-

Defining the threshold of chemicals for the populations’ connectivity:

100

Organisms (%)

HABITAT FRAGMENTATION CONCENTRATION (HFCx)
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HABITAT FRAGMENTATION (CHEMICAL BARRIER)
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HABITAT CONNECTIVITY (Landscape Ecotoxicology)
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METAPOPULATION (Meta-ecosystem)

HeMHAS

(Heterogeneous Multi-Habitat Assay System)
Atyaephyra
desmarestii

e

Linear contamination gradient Patchy contamination scenarios

Cu levels

O Low
() Medium

@ High
« Connectivity
£ Preference

Preferential distribution Random distribution Preferential distribution
to low zone to low zone

Less or uncontaminated zones might represent less stressful areas to protect populations against

continuous contamination exposure.




AVOIDANCE ASSAYS

N Oreochromis sp. NON-FORCED EXPOSURE
2.5 -3 cm length

Contamination gradient More
contaminated

X
A = 1{]_

Avoidance towards the control
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HABITAT SELECTION (FOOD)

Raw effluent —e— No food
—0— With food
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HABITAT SELECTION (POSSIBLE COMPETITION)
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HABITAT SELECTION (CONTAMINATION, SHELTER AND PREDATION)

(cost-benefits-based habitat selection hypothesis)
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NEW CHALLENGES

d

J

What are the new challenges of the multi-

compartmented exposure approach?




THE RELEVANCE OF THE SPATIAL SCALE

Avoidance is spaceless but NOT timeless

(spacelessness hypothesis)




MESOCOSMS AND IN SITU ASSAYS

Instituto de Inve
Formacién Agrariz

UNIVERSIDADE DE COIMBRA




NEW EXPERIMENTAL SYSTEM




WHERE ARE WE GOING TO?
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STRESS ECOLOGY

A more ecological vision to
the ecotoxicological studies

ﬁOXICITY T REPELLENM

changes
Structure Function
SENSITIVITY VULNERABILITY
direct effects| == [ indirect effects ]
Loss of species Plastlclty
Adaptation Redundancy
f«e.

'm
ENVIRONMENTAL SUSTAINABILITY




Acknowledgements

_ &ﬁﬁ ™ Investigacion
‘ : SI‘ : o - Programa
G e e MINISTERIO Ramén y Cajal

DE CIENCIA
E INNOVACION

Call/Number of the project:
Ramon y Cajal / RYC-2017-22324
iCOOP-2019 / reference COOPB20444

'!hJII:IC &

E-mail

cristiano.araujo@icman.csic.es

04/05/2020



