Introduc�on:

RAC COMPARISON

-

Lower �ers: controlled laboratory systems.
Higher �ers: less controlled, but more realis�c environments.
Designed so lower �ers are protec�ve of higher �ers [1,2].
O�en cri�cised as unrealis�c at lower �ers and accompanied by high uncertainty at higher
�ers; therefore as either overprotec�ve or not protec�ve enough for certain species,
scenarios and landscapes [4].
- To support future decision making, here we compare the Tier I (standard laboratory)
and Tier III (mesocosm studies) RACs derived for the same compounds.
- Addi�onally, we explore the eﬀects of a representa�ve insec�cide on the abundance and
interac�ons within the zooplankton community.
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PPP type
Insecticide
1
Insecticide
2
Insecticide
3
Insecticide
4
Fungicide 1
Fungicide 2

Factor
ETO RAC/Tier I
RAC

Tier I

Tier III

4.6x

Daphnia magna

Copepoda, Asellidae

7.1x

Daphnia magna

Crangonyc�dae

560x

Gammarus
pseudolimnaeus

Daphnia sp.

724x

Gammarus pulex

Daphnia sp.

28x
8.0x

Daphnia sp.
Chironomus riparius

Diaptomidae
Diaptomidae, Nauplia

Pseudokirchneriella
subcapitata
Lemna gibba
Pseudokirchneriella
subcapitata

Zygnematophyceae,
Daphnia longispina
Myriophyllum spicatum

Herbicide 1

37x

Herbicide 2

0.5x

Herbicide 3

3409x

Herbicide 4

Tier I studies: Core acute/chronic data (standard species and exposure)
Tier II studies: Acute/chronic data from addi�onal species or reﬁned exposure
Tier III studies: Popula�on and community level experiments (e.g. mesocosms) [1]

13x

Most sensi�ve organism

Pseudokirchneriella
subcapitata

Insec�cides and fungicides

Hippuris vulgaris
Elodea canadensis,
Myriophyllum spicatum,
Sagittaria sagittifolia

Zooplankton community changes in response to Insec�cide 3
ETO RACs from mesocosm studies are typically higher than those for Tier I
studies, and such studies also oﬀer a greater understanding of both the
direct and indirect eﬀects of exposure, including species interac�ons within
a community:
- Sharp decrease of Cladocera and Copepoda at concentra�ons above the
NOEC following test item applica�on, followed by steep increase in
abundance.
- The most sensi�ve taxon in the mesocosm study for insec�cide 3 was
Daphnia sp. (the most dominant taxon within the Cladocera).
- Subsequent early peak in Ro�fera abundance following the decrease in
Cladocera and Copepoda.
- Within the Copepoda: there was a prolonged and higher abundance of
Nauplia (green arrows) at high insec�cide concentra�ons with a lower
(but not delayed) abundance of adult Copepoda (blue arrows).
- Poten�al shi� of the zooplankton community towards smaller organisms.

Comparison between Tier I RAC and Tier III ETO RAC
- In all cases, Tier I RAC was lower in comparison to the Tier III ETO RAC
(mesocosms).
- The margin between Tier I RAC and ETO RAC was highly compound speciﬁc.
- For all insec�cides, crustaceans (as part of zooplankton or macro-invertebrate
communi�es) were the most sensi�ve organisms group.
- The most sensi�ve taxon in the laboratory was not the most sensi�ve
organisms in the mesocosm study; this is o�en a non-standard test organism.

Herbicides

- The ETO RACs of three of the four herbicides (1, 3 and 4) inves�gated were
higher compared to the corresponding RAC.
- For 3 out of 4 herbicides (2,3 and 4) macrophytes are the group most
sensi�ve to exposure.
- The Tier I RAC of one herbicide (2) was not protec�ve of the eﬀects on
Myriophyllum spicatum.
- The sensi�vity of M. spicatum may have been overlooked without a
mesocosm study [1,3].

A Total no. organisms

B Cladocera

C Copepoda

D Rotifera

E Total no. organisms

F Cladocera

G Copepoda

H Rotifera

Poten�al eﬀects for other communi�es:
Macroinvertebrates:
 may aggravate eﬀects on predators feeding on larger zooplankton
 may compensate eﬀects for predators feeding on smaller zooplankton
Phytoplankton:
 Shi� in the community towards larger algae that cannot be consumed by
smaller zooplankton

A – D: Abundance of the main zooplankton groups throughout a mesocosm study for concentra�on below or equal to the NOEC.
E – F: Abundance of the main zooplankton groups throughout a mesocosm study for concentra�ons above the NOEC. Dashed ver�cal
line: applica�on date. Arrows in C and G: green – abundance peak due to Nauplia, blue – abundance peak due to adult Copepoda.
Solid black line = ﬁt from generalised addi�ve model (GAM); grey shading indicates 95% conﬁdence interval.

FUTURE STEPS: TOWARDS A MORE HOLISTIC APPROACH IN AQUATIC RISK ASSESSMENT
- Tier III data generally derives more realis�c RAC and has the ability of capturing
community changes in response to PPP exposure, despite the complexity of the studies.
- Analysing the large amounts of data produced in PPP risk assessment in new ways can
support assessing risks for the aqua�c environments, par�cularly in mesocosm studies.

- This new data analysis could include the size shi�s as observed in the community analysis, including
rela�ng eﬀects between diﬀerent types of communi�es (e.g. phytoplankton, periphyton,
macrophytes, zooplankton and macroinvertebrates) and traits that are not captured by taxonomic
diﬀerences.
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