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Abstract 

Background  A recently published article, by Reiber et al., on the representativity of macroinvertebrate communi-
ties in outdoor micro- or mesocosm studies, used as a higher tier tool in the environmental risk assessment of plant 
protection products (PPPs) in the EU, concluded that ‘micro-/mesocosm studies do not represent natural macroinver-
tebrate communities’. Fundamentally, the article based its conclusion on the analysis of data from 26 streams used 
in a monitoring project in Germany (2018–2019), in comparison to taxa found in seven lentic micro- and mesocosm 
studies, conducted at four test sites (2013 – 2018), and submitted to the UBA, Germany.

Results  There are multiple reasons why this conclusion is incorrect, e.g. the number of taxa, for which the Mini-
mum Detectable Differences (MDDs) were low enough to allow a detection of direct effects in the seven lentic 
mesocosm studies, cannot be compared to the number of taxa just present in at least five of 26 streams. We have 
further investigated the data from five of the seven studies which were analysed in detail by Reiber et al. and deter-
mined that the MDDs of 12 to 18 invertebrate taxa per study fulfilled the current recommendation to allow a detec-
tion of medium effects (MDD up to 70%). However, which taxa can be considered potentially sensitive depends 
on the specific test item. While lentic test systems may not be suitable to test effects on typical stream taxa, taxa 
occurring in lentic systems such as ponds and ditches are not by definition less sensitive, or vulnerable, to pesti-
cides than taxa living in streams, and their relative sensitivity can be checked in laboratory tests, or artificial streams, 
if needed.

Conclusions  In our view, well conducted micro- and mesocosm studies do provide reliable and useful data 
for the environmental risk assessment of plant protection products covering long-term, as well as indirect, effects 
under semi-natural conditions.
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Background
Micro- and mesocosm studies have been used for 
many years in the risk assessment of chemicals. The 
first recommendations on how to conduct these stud-
ies were published in the early 1990s [1]. Experimental 
approaches, and the evaluation and use of the data in 
risk assessment, have been improved over time, resulting 
in an OECD guidance document on lentic field tests [2] 
and recommendations on how to use mesocosm studies 
in the risk assessment for other types of chemicals, e.g. 
plant protection products (PPPs) [3], biocides [4], indus-
trial chemicals [5], and for setting Environmental Qual-
ity Standards under the Water framework directive [6]. 
Details in experimental design, and in the use of the data 
generated for the risk assessment, vary depending on the 
exposure scenario and specific protection goals involved. 
Risk assessment for PPPs aims to protect aquatic organ-
isms in edge-of-field water bodies, i.e. ’moderate sized 
ditches, streams and ponds’ [7] in agricultural areas 
against the effects of, often highly dynamic, exposure. 
Most micro- and mesocosm studies conducted within 
regulatory frameworks are conducted for PPPs and the 
most recent guidance is given in the ‘Guidance on tiered 
risk assessment for plant protection products for aquatic 
organisms in edge-of-field water bodies (Aquatic Guid-
ance Document; AGD [3]).

Reiber et  al. [8] imply that most micro-/mesocosm 
studies do not meet the recommendations in the AGD 
and that, in their view, micro-/mesocosms are, in general, 
not suitable for environmental risk assessment because 
they do not represent natural macroinvertebrate commu-
nities. Here, we outline where, and why, we disagree with 
the conclusions of Reiber et al. [8].

Results
Invertebrate communities in micro‑/mesocosms 
and streams are inherently different
Reiber et  al. [8] used monitoring data from streams in 
Germany as the reference for comparison to taxa evalu-
ated in seven outdoor microcosm studies, conducted 
2013–2018. These test systems were either enclosures, 
of 1- 2 m3 which are introduced shortly before the first 
application into a larger pond or experiment ditch, or iso-
lated small artificial ponds (approximately 5 m3) which 
were set up some months before the start of the experi-
ment. For simplicity, we will use only the term ‘micro-
cosms’ in the following text, as 45 of the 47 studies listed 
in Reiber et al. were classified as microcosms. The setup 
is done with sediment from natural water bodies, e.g. 
pond, ditches or lakes. Water is taken from reservoirs 
close by or tap water is used. Colonization of the test sys-
tems originates from the sediment, the water (if taken 
from a reservoir), by flying insects and from samples 

taken in natural water bodies of the region. Furthermore, 
these systems can be seeded with specific macroinver-
tebrates or macrophytes species that are expected to be 
sensitive. During the establishment period, the micro-
cosms may be interconnected via tubes, or the water is 
mixed in an alternative manner, to reduce divergent 
development before the start of the test. From this setup 
procedure, the invertebrate community which devel-
ops cannot be expected to include typical stream taxa, 
but will be similar to communities found in ponds or 
ditches Since the guidance document [3] explicitly con-
siders edge-of-field water bodies, the general statement 
that microcosm communities do not represent natural 
macroinvertebrate communities seems to be overstated. 
Additionally, microcosm experiments are easier to man-
age than artificial streams in a flow-through design, and 
can be considered more protective as a realistic, worst-
case, static exposure, rather than the faster dissipation 
exposure scenario in flowing water systems.

As a comparative dataset, Reiber et  al. [8] used 26 
streams labelled as having ‘good’ or ‘very good’ quality 
according to the standardized SPEAR index, as given in 
Liess et  al. [9]. Of these sites, 10 are characterized hav-
ing less than 5% agricultural area in their catchment, cor-
responding to more than 95% surrounding forest. Such 
sites are indeed likely to contain a different species com-
position in comparison to edge-of-field water bodies, and 
therefore the communities of such streams do not pro-
vide an adequate reference for edge-of-field water bodies.

Understanding species sensitivity in microcosm studies
Some macroinvertebrate orders comprised species that 
prefer stream habitats, e.g. Ephemeroptera, Plecoptera, 
Trichoptera (the EPT taxa) and Gammaridae (Amphi-
poda). Thus, a direct comparison of taxa in lentic test 
systems and streams cannot be considered meaningful, a 
fact that was also acknowledged by Reiber et al. [8]. The 
more pertinent question is whether a sufficient number 
of sensitive and/or vulnerable of taxa can be evaluated 
in the experiments. For the derivation of a Regulatory 
Acceptable Concentration under the ecological thresh-
old option (ETO-RAC, only negligible effects on popu-
lations are accepted [3]), and the intrinsic sensitivity 
of the species is relevant. There is no reason to assume 
a priori that stream species are more sensitive than len-
tic species. Maltby et  al. compared the species sensitiv-
ity distribution of lentic and lotic macroinvertebrates, for 
eight insecticides, and found ‘no evidence of a significant 
difference among or within compounds’ [10]. However, 
since communities in the field can be exposed to mul-
tiple chemical stressors, the SPEAR index uses a gen-
eral sensitivity trait. Von der Ohe & Liess [11] obtained 
acute toxicity data from the US EPA data base AQUIRE 
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for organic chemicals, here, the LC50 value from a given 
taxon was divided by the LC50 value for D. magna for 
the same chemical as a reference value, and finally cal-
culated a mean standardized sensitivity of the logarithm 
of the different quotients per taxon. Using this method 
of analysis, Plecoptera and Amphipoda were the only 
macroinvertebrate orders found to be on average more 
sensitive than D. magna. This analysis included data on 
insecticides (25.6%), fungicides (4.3%), herbicides (9,8%) 
and others (60.3%). It is unclear whether the considera-
tion of organic substances in general affects the rank-
ing of sensitivity, if the focus is constrained to effects of 
insecticides and fungicides. However, taxa with a stand-
ardized sensitivity below -0.36, the median sensitivity 
found in [11], are not considered sensitive within the 
SPEAR framework ([12, 13]). Consequently all macroin-
vertebrates which do not belong to Arthropoda, e.g. the 
isopod Asellus aquaticus, are considered as ‘not sensitive’ 
within the SPEAR classification [14]. However, depend-
ing on the specific test item, these taxa can be highly sen-
sitive in micro-/mesocosm studies [14]. Also, planktonic 
invertebrates which are not considered in SPEAR can 
be highly sensitive (see data for Cladocera in [11], also 
Copepoda or Rotifera), thus, can provide valuable data 
for the ETO-RAC determination. For example, for pyre-
throids, the most sensitive invertebrate species in labora-
tory tests are Chaoborus sp. (planktonic phantom midge), 
Asellus aquaticus (isopod), Hyalella azteca (amphipod, 
not native in the EU) and gammarids [15, 16], yet, in the 
SPEAR context only gammarids are considered as sensi-
tive and none of these other sensitive taxa are classified 
as ‘species of risk’. Thus, applying such a generic classi-
fication of taxa to studies with specific, well-known, test 
items results in an underestimation of the presence of 
potentially sensitive taxa analysed in microcosm studies.

Currently, in the Central regulatory zone of Europe, 
only the ETO-RAC is used in the risk assessment process 
[17], therefore, the presence of vulnerable taxa, in addi-
tion to sensitive taxa, is not generally required for the 
acceptability of a microcosm study. If short-term effects, 
followed by recovery of a population, are accepted in the 
risk management (ecological recovery option; ERO, [3], 
then vulnerable taxa must should also be present, in suf-
ficient numbers in a study, to estimate an ERO-RAC. In 
addition to intrinsic sensitivity, vulnerability includes the 
potential for exposure (likelihood of exposure due to hab-
itat preference and organism life-cycle) and the poten-
tial for recovery (dependent on species generation time 
and colonization potential) [18]). The Specific Protec-
tion Goals proposed in the AGD [3] for ERO allow ‘small 
effects for a few months, medium effects for weeks, and 
large effects for days, on the abundance and/or biomass 
of vulnerable populations of invertebrates, as long as 

their reduction does not result in more persistent indirect 
effects’. As a pragmatic criterion, effects in a micro- or 
mesocosm study must be restricted to less than 8 weeks 
to be considered acceptable under ERO [3]. For quickly 
dissipating substances recovery can usually demon-
strated only for planktonic species, including Chaoborus, 
and other insects due to recolonization. Non-flying taxa 
may have high recolonization potential in the field, but 
less so in microcosm studies, where the test systems are 
isolated (e.g. Isopoda, Amphipoda). Thus, these taxa can 
be representative of other vulnerable species. Recovery of 
populations with short lifecycles, as is the case for many 
planktonic species, should not be used to define an ERO-
RAC, unless it can be demonstrated the more vulnerable 
taxa are unlikely to be affected at this concentration.

Comparison of the number of macroinvertebrate families 
present in microcosms and in streams
From Fig. 4, Reiber et al. conclude that ‘for all insects and 
crustaceans, communities at field sites are more family-
rich with a 3.6 times higher number of families in the 
field than familiesMDD% low in M/M studies’. However, two 
distinctly different types of data were compared. Reiber 
et  al. compared the numbers of families present (inde-
pendent of their abundance) in at least five of 26 streams, 
against data from seven microcosm studies, where the 
number of families were restricted only to those that 
were considered sufficiently abundant for statistical anal-
ysis. Our alternative approach, looking at the mean num-
ber of families present at either type of site, determined 
that 14 crustacean and insect families were found in the 
streams, which is lower than the mean number of 24 
Arthropoda families found the macroinvertebrate sam-
ples in the seven microcosm studies (Table 1).

An advantage of microcosm studies, compared to field 
monitoring, is the reduced variability and the focus on 
effects at the different, and defined, levels of stressor(s). 
If the five sites used by Liess et al. [9] as reference streams 
to normalize the SPEAR index are assumed to be control 
sites in a hypothetical experiment; in a typical micro-
cosm study design (with five controls and five test con-
centrations with 3 replicates each), no family would reach 
the MDD criterion of 70%, while seven families would 
provide MDD’s between 80 and 100% (Gammaridae, 
Chironomidae, Pediciidae, Simuliidae, Baetidae, Hep-
tagenidae, Limnephilidae). The last three are consid-
ered vulnerable according to SPEAR, which means only 
(medium to) large effects [3] would be statistically detect-
able based on the communities in the SPEAR reference 
streams.

Most EPT taxa prefer streams and cannot be expected 
to be found in the lentic microcosms. Often the only 
EPT species that is consistently abundant enough for 
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statistical evaluation is the mayfly Cloeon sp. (Baetidae). 
Other mayflies or caddisflies may be present as well, but 
usually not in sufficient numbers for effect assessment. 
However, with the exception of caddisflies of the family 
Limnephilidae and the mayflies of Baetidae, other EPT 

taxa were also relatively rare in the streams. Additionally, 
only Ephemeridae are among the 10 families found in at 
least every second site and four other caddisfly families 
and one mayfly family were found in at least every third 
site (Fig.  1). Stoneflies are restricted to lotic waters and 

Table 1  Basic characteristics of the seven micro-/mesocosm studies compared to stream monitoring data in [8]

Study-20 Study-21 Study-22 Study-23 Study-34 Study-35 Study-43

Year of conduct 2014 2013 2014 2018 2013 2017 2013

Location of study site DE DE DE DE NL NL UK

Water volume [m3] 1.8 1.8 1.8 5.0 1.3 1.5 1.0

Establishment period 
[month], approx

12 7 18 5 9  > 6 3–6

Substance group Neonicotinoide Pyrethroid Dithiocarbamate Pyrethroid Botanical Dithiocarbamate Juv. hormone mimics

Pesticide type I I F I I F IGR

n controls 6 5 5 5 5 5 4

n exposure levels 4 5 5 5 5 5 4

n replicates treatments 4 2 2 2 3 3 4

Test units in total 22 15 15 15 18 20 20

MASS/cosm 1 1 1 2 2 2

other samplers/cosm 1 1 1 3 2 2 2

Netting Yes Yes Yes No No No No

Emergence traps/cosm 1 1 1 2 1 1 1

Gammarus bioassay Yes Yes No No No No No

Macroinv. families 28 25 33 29 50 45 37

Arthropoda families 19 16 23 17 35 31 28
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Fig. 1  Presence of macroinvertebrate families in the 26 streams considered ‘good’ or ‘very good’ according to SPEAR [9, 19]. Only the families found 
in at least every third stream are shown
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thus, not found in lentic microcosms, However, stonefly 
families were found only in less than a third of the 26 ref-
erence streams. Reiber et al. [8] report 9 times more sen-
sitive and 5 times more vulnerable families, according to 
the SPEAR framework, in the streams than in the micro-
cosms. On the other hand, studies in lentic systems allow 
the evaluation of effects on zooplankton, which are not 
typically present in flowing water, but can include highly 
sensitive species which would add conservatism for 
extrapolation to streams. Taylor & Blake [18] compared 
macroinvertebrates communities in lentic mesocosms 
of four test sites, and thirty six water bodies, in the UK 
(14 streams, 10 ditches, 12 ponds) and found that ‘meso-
cosms are still protective of edge-of-field water bodies, as 
they are at least as sensitive, and typically more sensitive, 
than edge-of-field water bodies’.

We believe that the application of the general SPEAR 
sensitivity, to microcosm studies with specific test items, 
is not meaningful, and propose an alternative approach 
where taxa in the mesocosm studies enable an evaluation 
of direct effects in the next section.

Additional evaluations of the selected microcosm studies
Since all seven microcosm studies analysed in more 
detail by Reiber et al. [8] for Figs. 2, 3, 4 were conducted 
by the authors of this reply paper, the study reports and 
data were available to provide additional information on 
these studies. The basic characteristics of the seven stud-
ies are provided in Table 1. Note that three studies (21, 34 
and 43) were conducted in 2013 and, consequently, were 
unlikely to have fully considered the AGD requirements 
[3] within the study design.

We further investigated five of the seven studies, where 
we had approval of the owners of the studies, in more 
detail to identify those invertebrate taxa for which an 
evaluation of direct effects was possible within the stud-
ies. Crucially, our evaluation differs in several aspects 
from the evaluation of Reiber et al. [8]:

1.	 We considered all invertebrate species, not just mac-
roinvertebrates. This was done to provide an over-
view of which taxa could be typically expected to 
allow an evaluation of direct effects. For the deriva-
tion of an ETO-RAC, zooplankton taxa are relevant, 
and, depending on the test item, not just crustaceans 
and insects should be considered as highly sensitive. 
For the derivation of an ERO-RAC, vulnerable spe-
cies should be assessed. Since many zooplankton 
species have shorter generation times than macroin-
vertebrates, and insensitive life-stages (such as rest-
ing eggs), they are less vulnerable. However, an ERO-
RAC can still be derived, e.g. based on demonstrated 
recovery of rotifers, as long this ERO-RAC is not 

higher than an ETO-RAC derived for vulnerable spe-
cies. Thus, the taxa to be considered for effect assess-
ment in a mesocosm study should not be restricted 
to the SPEAR taxa used for monitoring macroinver-
tebrate communities in streams.

2.	 Reiber et al. [8] used only the number and variances 
of the controls and the number of replicates per treat-
ment level to calculate MDDs using the  Student’s 
t-test (a 2-sample statistical test). We do not feel this 
is an appropriate method for testing data from mul-
tiple test concentrations against a control. Instead, 
we have used the MDDs that were calculated in the 
study reports, following Brock et al. [20], whereby the 
MDDs for the NOEC are determined by the Williams 
multiple t-test and utilizes the data from all test units 
[21].

3.	 We are aware that low MDDs appearing late in the 
study, when exposure can be very low, do not indi-
cate that direct effects could have been detected. The 
relevant period for detecting indirect effects depends 
on different factors: How fast is the dissipation in 
the water? Does the substance partition into the 
sediment and, if so, what is the bioavailability of this 
compound? What is the life cycle of the species and 
what endpoint is measured? For example, emergence 
of insects, even weeks after application of a quickly 
dissipating substance, can still indicate direct effects 
since the larvae must have been exposed weeks 
before. However, for the generic analysis here, only 
data within 30 days after the (first) application were 
considered, in an attempt to be comparable to the 
analysis by Reiber et al. [8].

4.	 Reiber et al. [8] used the mean MDD, over this 30-day 
period, in their evaluation. For the analysis here, we 
have used the minimum MDD, since low MDDs, 
within 4 weeks after application, should be sufficient 
to detect a direct effect, especially for macroinverte-
brates.

5.	 According to the AGD [3], MDDs up to 70% are 
preferable since they allow the detection of ‘medium 
effects’, although data with higher MDDs can also be 
useful to detect and evaluate clear direct effects. Nev-
ertheless, for the present analysis, taxa with a mini-
mum MDD < 70%, during the first 30 days after appli-
cation, were utilized.

Using the criteria outlined above, direct medium 
effects could be assessed for 8 to 18 invertebrate, and 
for 6 to 13 arthropod, taxa per study (Table 2). Based on 
our practical experience, and from studies conducted 
more recently, we consider that at least 14 invertebrate 
taxa, including Crustacea (Cladocera, Copepoda, Isop-
oda and Amphipoda), Insecta (Baetidae, Chaoboridae, 
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Chironomidae, Coenagrionidae), Rotifera, Clitellata, 
Turbellaria, and Mollusca, can be evaluated in lentic test 
systems. Amphipods are usually not included in most 
studies, but can be assessed by in  situ bioassays with 

Gammarus, or by introducing Crangonyx pseudagraci-
lis, which do not depend on lotic conditions. Mayflies are 
usually represented by Cloeon sp. of the Baetidae fam-
ily, the most abundant mayfly family also found in the 

Table 2  Invertebrate taxa with minimum MDDs < 70% within the first 30 days after (first) application in five microcosm studies

1) Gammarids can be tested in in situ bioassays or the amphipod Crangonyx can be introduced in cases where gammarids cannot be established in the microcosms. 2) 
The studies did not include sediment samplings which would provide data for Tubificidae and other sediment organisms with lower MDDs

MDDMin%

Taxon Family Group Study-20 Study 21 Study 22 Study-23 Study-43 Mean Likely 
evaluable

Crustacea

Daphnia Daphniidae Cladocera 66 60 50 64 60 X

Chydorus Chydoridae Cladocera 69 65 67

Simocephalus Daphniidae Cladocera 65 68 67

Cyclopodiae Cyclopodiae Copepoda 40 37 35 61 29 40 X

Diaptomidae Diaptomidae Copepoda 64 11 38

Asellus sp. Asellidae Isopoda 38 46 32 51 21 38 X

Crangonyx Crangoyctidae Amphipoda 47 47 X1)

Gammarus (assay) Gammaridae Amphipoda 12 12 12

Insecta

Chaoborus Chaoboridae Diptera 42 45 39 42 29 39 X

Chironominae Chironimidae Diptera 47 51 54 51 X

Tanypodinae Chironimidae Diptera 69 46 58 X

Orthocladiinae Chironimidae Diptera 68 68

Culicidae Culicidae Diptera 58 58

Cloeon Baetidae Ephemeroptera 56 58 61 64 60 X

Corixidae Corixidae Heteroptera 62 62

Notonecta Notonectidae Heteroptera 53 53

Anisoptera Anisoptera n.d Odonata 50 50

Zygoptera Zygoptera n.d Odonata 49 46 48 X

Coenagrionidae Coenagrionidae Odonata 57 45 66 56

Polycentropodidae Polycentropodidae Trichoptera 65 65

Rotifera

Polyarthra Synchaetidae Rotifera 57 57

Keratella Brachionidae Rotifera 41 54 63 53 X

Trichotria Trichotriidae Rotifera 64 64

Lepadella Lepadellidae Rotifera 41 41

Lecane Lecanidae Rotifera 67 67

Clitellata

Naididae / Tubificidae Naididae / Tubificidae Oligochaeta 66 66 X 2)

Lumbriculus Lumbriculidae Oligochaeta 68 68

Helobdella Erpobdellidae Hirudinida 61 54 67 61 X

Turbellaria 62 62 X

Dugesia Glossiphoniidae Turbellaria 59 40 50

Mollusca

Lymnaea Lymnaeidae Gastropoda 47 48 39 45 X

Sphaeridae Sphaeridae Bivalvia 55 55

n_Invertebrates (MDDMin < 70%) 14 15 12 18 8 54

n_Arthropods (MDDMin < 70%) 10 11 8 13 6 52

Proposed potentially sensitive taxa in the specific study 8 11 12 13 6
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streams. Trichoptera were sometimes found but could 
only be statistically evaluated in one study.

The AGD [3] recommends that an evaluation of direct 
effects for ‘8 populations of the sensitive taxonomic 
group’ should be possible. In our understanding, this 
does not mean that for at least 8 taxa effects could be 
demonstrated but that, according to the mode of action 
of the test item, at least eight potentially sensitive popu-
lations, with sufficiently low MDDs, should be present 
in a study. For example, in Study-20 where a neonicoti-
noid was tested, Cladocera should probably not be con-
sidered potentially sensitive since, in contrast to other 
insecticides, Daphnia have been found to be significantly 
less sensitive than insects [23, 24]. On the other hand, 
oligochaetes of the family of Naididae were found to be 
potentially sensitive in this study. For fungicides, which 
often have a broad mode of action, all invertebrates 
can be considered as potentially sensitive. In Study-21, 
rotifers were found to be the most sensitive taxon. With 
the exception of Study-43, at least eight taxa can be con-
sidered potentially sensitive to the specific test items in 
the evaluated studies.

In Study-20, no ERO-RAC could be derived as treat-
ment effects at the concentration higher than the derived 
ETO-RAC were detected until the end of the study.. In 
Study-22, Chaoborus was the clearly most sensitive 
taxon. At the treatment concentration where Chaoborus 
recovered within eight weeks, other taxa with longer gen-
eration times, e.g. Cloeon sp., Zygoptera, Gammarus and 
Asellus, were not, or only slightly, affected. Thus, the der-
ivation of an ERO-RAC, according to the AGD, is pos-
sible. In the fungicide study (Study-22), rotifers were the 
most sensitive group. At the concentrations where recov-
ery within 8 weeks could be demonstrated, other taxa of 
different taxonomic groups including crustacea, insects, 
molluscs, and oligochaetes showed no effects, except for 
slight temporary effects on copepods. Thus, the deriva-
tion of an ERO-RAC is also possible in this study. In the 
second study with a pyrethroid, Chaoborus was again the 
most sensitive taxon, here, the ERO-RAC was proposed 
based on the data for the amphipod, Crangonyx, which 
could not recover when affected. In the field, recovery 
by recolonization may be possible from uncontaminated 
sections upstream but the missing recolonization poten-
tial in the microcosms provides a more conservative, and 
protective, estimation of an ERO-RAC. Thus, the deriva-
tion of an ERO-RAC according to the AGD [3] has to be 
applied in a study-specific manner.

The use of micro– and mesocosm studies in chemical risk 
assessment
Reiber et  al.[8] discuss the use of micro- and meso-
cosms with respect to statistical aspects, the derivation 

of regulatory acceptable concentrations, and their use 
in a broader regulatory context in the tiered risk assess-
ment of PPPs. They identify the statistical demonstration 
of treatment-related effects as one of the great chal-
lenges. The AGD [3] provides a first proposal on the use 
of the MDDs, while Brock et  al.[20] suggested criteria 
for acceptable MDDs. Duquesne et al. [22] suggested to 
consider using a higher power in the MDD calculation, 
but the proposed method only works for the 2-sample 
T-test, and not for its multiple variants used in the evalu-
ation of micro- and mesocosm studies, as critical t-values 
for a beta of 0.2 are not available, to our knowledge. Mair 
et al. [23] suggest replacing the MDD with the confidence 
intervals for the effects found at the NOEC, which would 
require the establishment of new criteria to decide for 
which taxa direct effects can be assessed. We agree that 
this is a question that needs further research and related 
guidance.

Reiber et  al. [8], focus on crustaceans and insects ‘as 
they are defined as potentially sensitive taxonomic group 
for pesticidal substances according to the AGD’. This 
may apply specifically to insecticides, but not to pesti-
cides in general, since fungicides may affect also other 
invertebrates [24]. Reiber et  al., [8] write that it would 
be ‘advisable for each M/M study to give a justification 
if (i) especially sensitive taxa towards the mode-of-action 
of the substance assessed are represented and (ii) their 
abundances allow for a statistical detection of treat-
ment-related effects’. This is the intention of the AGD 
(‘… not be a reason to reject the study if for several rel-
evant endpoints/populations (e.g. 8 populations of the 
sensitive taxonomic group) a statistical evaluation can 
be performed’ [3]), and is exactly was has been done in 
these micro- and mesocosm studies. Here, all available 
information on the test item is taken into consideration, 
in contrast to using a generic, taxon-specific, sensitivity 
such as the SPEAR sensitivity trait. Table  2 provides a 
list of taxa which could be evaluated in the five micro-
cosm studies conducted between 2013 to 2018, showing 
that, usually, a statistical evaluation of at least 8 popula-
tions of the sensitive group(s) is possible. Reiber et al. [8] 
question ‘if the high effort of M/M studies can be justi-
fied when the information related to effect thresholds 
could also be obtained with far less costly laboratory test 
systems that usually have a better statistical power, are 
more targeted towards the toxicant effect and less influ-
enced by complex interactions’. There is no evidence to 
suggest that laboratory tests investigating delayed, and 
long-term, effects on several species are, in actuality, less 
effort and less costly than a mesocosm study, particularly 
since it is not possible to perform full life cycle tests with 
many species in the laboratory. In addition, the influ-
ence of ‘complex interactions’ is usually considered as 
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an argument in favour of micro- and mesocosm studies, 
since effects are investigated under more realistic condi-
tions, compared to laboratory tests, and incorporate the 
community context. Reiber’s argument that additional 
stressors are not standardized and quantified and, thus, 
it is unclear whether the stress level is representative for 
natural conditions is unfounded since field tests cannot 
be standardized and the abiotic and biotic conditions can 
be monitored and described for each study. Indeed, most 
micro- and mesocosms studies focus on the effects of a 
single test item under the background of natural stress-
ors (weather, food availability, predation) rather than 
exposure to chemical mixtures. However, this approach 
is in line with the current regulatory framework of pes-
ticide risk assessment, which focusses on the effects of 
individual chemicals, and mixture toxicity was not within 
the scope of the published article. Nevertheless, effects 
of mixtures, or typical spray sequences, can be, and have 
already been, tested in mesocosms studies [25–27]).

Reiber et  al. [8] do not recommend the derivation of 
an ERO-RAC because Chaoboridae and Baetidae would 
usually be the only vulnerable taxa which can be evalu-
ated in micro- and mesocosm studies using the SPEAR 
criteria. As shown in Table  2, there are more taxa, e.g. 
Amphipoda, Isopoda, Zygoptera, Mollusca, and also 
planktonic taxa, which can affect the derivation of an 
ERO-RAC. If taxa with a high recovery potential demon-
strate recovery, this can still be acceptable if a sufficient 
variety of other taxa, with a lower recovery potential, 
show only negligible effects.

In addition to the conclusion that micro- or meso-
cosms are not representative for natural macroinver-
tebrate communities in the field, Reiber et  al. [8] see 
problems with micro- and mesocosm studies represent-
ing only a specific environmental and exposure scenario. 
This is true; however, these studies provide a more real-
istic situation than single species tests in the laboratory, 
with intentionally constant exposure over time, and the 
environmental conditions optimized for the test organ-
ism employed. Extrapolation from micro-/mesocosms 
studies to other environmental conditions may be pos-
sible in the future by the use of ecosystem models [28]. 
Reiber et al. [8] also criticize that micro- and mesocosm 
studies are less conservative than lower tiers. However, 
that is the basic principle of the tiered approach, where 
Tier 1 (single species tests) is designed to have a low risk 
of overlooking critical cases, but, subsequently a high 
probability to overestimate risks [3]. Furthermore, Reiber 
et al. [8] state the assessment factor applied to the effect 
concentrations in a mesocosm study are relatively small 
(i.e. 2 – 3 for the ETO-RAC and 3–4 for the ERO-RAC), 
especially for extrapolation from lentic test systems to 
lotic water bodies in the field. However, historically, lentic 

test systems were used, not only because of easier han-
dling than flow-through artificial streams, but because 
they represent the worst-case prolonged exposure, situa-
tion in lentic water bodies.

Improving micro‑/mesocosm studies
Despite their general reservations against the use of 
micro- and mesocosm studies and the current tiered 
approach, Reiber et al. [8] make some useful suggestions 
to improve such studies. One recommendation being that 
study design and sampling techniques should be further 
improved to increase the statistical power of the studies 
[20, 22, 23]. This cannot be disputed, however, variabil-
ity is an inherent property of communities, though lower 
in micro- and mesocosm studies than between sites in 
the field and is affected by many other confounding fac-
tors. The recommendation of an establishment period of 
at least two years is not particularly practicable or use-
ful. The number of taxa in the microcosms investigated 
here was higher than in the streams, and a main point 
of critique in Reiber et al. [8, 18] is the absence of stone-
flies and caddisflies, whose occurrence is determined by 
the physical type of the test system used, rather than by 
the duration of the establishment period. Pooling of taxa 
according to their sensitivity or vulnerability instead of 
pooling taxonomic groups could be an option to improve 
the detectability of effects, but the grouping should be 
study and test item specific, not by a generic approach 
like SPEAR.

The idea to use shorter studies, focussing on direct 
effects, seems counter-productive since the purpose of 
micro- and mesocosm studies is to also assess delayed 
and indirect effects under semi-field conditions. Thus, 
longer study durations are not only useful under the 
ERO, but also the ETO approach.

Finally, Reiber et al. [8] concluded that ‘it remains ques-
tionable if no unacceptable effects indicated by current 
higher tier approaches can ensure that no population-rel-
evant unacceptable effects will occur in the field, i.e. if the 
aim of a more exact and explanatory risk assessment in 
the current context with complex higher tier approaches 
should be pursued.’ In the AGD [3], mesocosm studies 
are considered the surrogate reference tier, which can be 
used to calibrate / validate lower tier approaches. Thus, 
indicating a high confidence in the protectiveness of such 
studies. Of course, it has to be evaluated whether this is 
justified. Since large scale field experiments in natural 
aquatic water bodies are not feasible, longer-term mon-
itoring studies could provide the data to investigate the 
level of protectiveness. Any monitoring studies would 
require an acceptable level of sampling frequency, and 
a reference site that only differs (significantly) in the 
pesticide load, this could pose a near impossible task, 
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particularly as pesticide load is usually correlated with 
other factors [29]. If the ERA works, and products are 
used as intended, then there should be only acceptable 
effects on communities in the field. However, if monitor-
ing were to indicate frequent exceedances of concentra-
tions considered acceptable in the ERA (as shown in [9, 
19]), the level of protectiveness of the effect assessment 
cannot be assessed. Under these circumstances, the 
first priority would be to clarify the causes for the RAC 
exceedance.

Conclusions
In our view, the analysis of Reiber et al. [8] is flawed, and 
the conclusion that micro-/mesocosm communities do 
not represent natural macroinvertebrate communities 
and thus, are not suitable tool for the risk assessment 
of PPP, cannot be supported by the analysis conducted. 
Comparing families sufficiently abundant for statisti-
cal evaluation in a few lentic microcosms with families 
present in a larger number of reference streams, inde-
pendent of their abundance, is biased as it is comparing 
completely different things. Furthermore, using the gen-
eral SPEAR sensitivity approach, developed for moni-
toring streams, is not suitable for defining potentially 
sensitive taxa in micro-/mesocosm studies with a specific 
test item, and is not applicable for the detection of previ-
ously unknown effects of new substances on organisms 
without SPEAR classification. Whilst we agree that a crit-
ical review of existing studies to improve the ERA of pes-
ticides is beneficial, we believe that micro-/mesocosm, 
or artificial stream studies, can provide meaningful data 
for sensitive and vulnerable taxa under the current tiered 
approach. At present, micro-/mesocosm studies, includ-
ing artificial stream studies, are the best experimental 
approach to evaluate the protectiveness of lower aquatic 
tiers (surrogate reference tier, AGD) and monitoring 
studies could provide additional useful information. The 
current tiered approach is also constantly evolving and 
paradigm shifts are inevitable as new needs arise or new 
data become available, a good example is given in Top-
ping et  al. [30] on comparative lower tier testing and 
landscape level modelling. However, such new (in silico) 
ERA approaches also have to be continuously evaluated 
and validated by field tests (aquatic and terrestrial), on 
the local scale, and by monitoring data, on the landscape 
scale.
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