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Abstract

Mesocosms can be used in higher tier aquatic risk assessments to assess the impact of plant protection products (PPPs) on macro-
phytes. However, it is unclear whether these expensive and time-consuming higher tier studies influence regulatory outcomes. This
review highlights common shortcomings in the experimental design of mesocosm studies, with the aim of maximizing the regula-
tory value of future mesocosm studies. Fourteen mesocosm studies, which have been submitted for the regulatory risk assessments
for macrophytes in the EU or Great Britain, were identified and reviewed. Results show that only five of the 14 mesocosm studies
were deemed acceptable by the regulatory authorities, suggesting that mesocosm studies are not currently being used to their full
potential. Issues with the submitted studies include not following a realistic PPP exposure profile (including incorrect dose timings
and dilutions), only using one macrophyte morphology, not leaving enough time for the macrophytes to establish, and a lack of repli-
cates, which increases variability within treatments. Glyceria maxima and Myriophyllum spicatum were frequently the most sensitive
macrophyte species, whereas dry weight was often the most sensitive and least variable endpoint. Although mesocosms provide the
opportunity for recovery and community responses to be observed, such information has not been used by regulatory authorities.
Future regulatory mesocosm studies can build on the shortcomings highlighted here, providing a greater chance of regula-
tory impact.

Keywords: mesocosms, higher tier risk assessments, macrophytes, herbicides

If the risk assessment using the first tier study does not show an
acceptable risk to macrophytes, then the applicant can perform
second tier studies, which commonly involve using more macro-
phyte species to either create a species sensitivity distribution
curve or to calculate a geometric mean of the results for all species
(European Food Safety Authority [EFSA], 2013). If this still does not
show an acceptable risk to the aquatic environment, then meso-
cosm experiments are advised as a higher tier risk assessment
option (EFSA, 2013).

Introduction

Plant protection products (PPPs), including insecticides, herbi-
cides, fungicides, and plant growth regulators, are used to man-
age weeds and pests, primarily in agriculture but also for
domestic, recreational, and amenity purposes. For a new PPP ac-
tive substance or product (which will from here on be referred to
collectively as “PPPs”) to be eligible for use, approval is required
by the relevant regulatory authority. For both member states of

the EU and Great Britain (GB), the approval process requires,
among other criteria, assessing the risks posed from use of the
PPP to various groups of nontarget organisms, including aquatic
organisms. Determining the permissible exposure level for aquatic
organisms to a PPP requires calculating a regulatory acceptable
concentration (RAC). An acceptable risk is identified where the ra-
tio of the predicted PPP concentration to the RAC is <1
(EFSA, 2013).

To characterize the toxicity of the PPP on the aquatic environ-
ment, initial laboratory studies are required for individual organ-
isms. For macrophytes, the first tier study typically undertaken is
a laboratory study on Lemna sp. following OECD guideline 221
(OECD, 2006a), investigating the impact of the PPP on growth rate.

A mesocosm is an artificial experimental system created to
physically model natural aquatic ecosystems (Brock et al., 2009;
Giddings et al., 2002). Plant protection products are applied to mes-
ocosms to mimic real-world exposure scenarios and investigate
the impact of exposure on complex populations and communities
(Giddings et al., 2002). Due to their complex nature, mesocosm
experiments are often labor-intensive and costly (OECD, 2006b).
Discussions with regulatory scientists and contract research
organizations indicate that depending on the size and setup, meso-
cosms can often cost hundreds of thousands of pounds.

When using a mesocosm study as part of a higher tier risk as-
sessment, the critical toxicity endpoint from the study (usually
expressed as a no observed effect concentration [NOEC]) is divided
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by an assessment factor to determine the RAC. If there are issues
with the reliability or sensitivity of a mesocosm study, higher as-
sessment factors can be used to account for this where necessary
(EFSA, 2013). Typically, an assessment factor >1 is used; however,
any issues with a study can increase the assessment factor. If a
mesocosm study is not considered relevant or reliable, then the
study will not be used in the regulatory risk assessment, which
can affect whether the PPP can be authorized or any conditions of
authorization (e.g., risk mitigation measures required; EFSA, 2013).

There are no prescriptive guidelines on how to undertake
mesocosm studies suitable for PPP regulation. However, four
guidance documents have been published over the last 25years
that provide recommendations on how best to design mesocosm
studies. Giddings et al. (2002) includes 16 key recommendations
that should be used when designing and implementing a meso-
cosm study, based on the findings from the Community Level
Aquatic System Studies Interpretation Criteria (CLASSIC) work-
shop. In 2002, EU member states produced the SANCO guidance
document (2002) to provide guidance on best practice for all
aquatic ecotoxicology studies. The OECD produced a guidance
document specifically on best practice for mesocosm studies,
focusing on all aquatic organisms (OECD, 2006b). Most recently,
the EFSA produced a guidance document on aquatic tiered risk
assessments (2013). As a whole, these four guidance documents
align with one another; however, there are some contradictions
in advice, as would be expected in documents published across
an 11-year period. The EFSA (2013) and SANCO (2002) guidance
documents are the only two that contain official guidance.

This review assesses common weaknesses of mesocosm stud-
ies that have been received by EU member state and GB regula-
tory authorities up to January 2025 as part of a higher tier risk
assessment to assess impacts on macrophytes. It has been
claimed that mesocosms are frequently used as a higher tier test
approach to investigate the impact of PPPs on macrophytes
(Taylor & Blake, 2013). However, in practice, it is unclear how of-
ten they are utilized. There is also currently no information on
the success rate of applications supported by these costly and
time-consuming experiments. Additionally, current regulatory
approaches examine risk assessments on a product-by-product
basis, without any systematic data collection or analysis between
products. Previous reviews have investigated mesocosm experi-
ments to highlight shortcomings (Brock et al., 2000; Brown et al.,
2009; Reiber et al., 2022); however, none have exclusively focused
on either macrophytes or studies that had been submitted for
applications to regulatory authorities. By reviewing common
shortcomings, this review aims to maximize the regulatory value
and impact of mesocosm studies and minimize future opportuni-
ties for study failure.

Methods

Following discussion with the Chemicals Regulation Division of
the Health and Safety Executive (the UK regulator for pesticides),
mesocosm studies were identified that had been submitted in
the context of regulatory risk assessments for macrophytes.
Fourteen studies for pesticide active substances or products were
found. These studies were conducted either by the applicant or
an external contract research organization and do not enter the
peer review process before submission. Only one study was not
initially designed for regulation but rather for a PhD thesis that
was submitted as supporting evidence for an application. These
studies were conducted between 1993-2014. The review was car-
ried out in February 2025. Data from all 14 studies were

systematically extracted into a matrix, which included the fol-
lowing preselected key properties related to mesocosm experi-
mental design: mesocosm size; number of replicates; study
duration; macrophyte species and morphologies; whether any
other taxa were present; length of time the plants had to establish
before dosing; whether volunteer species were removed; PPP appli-
cation method; number of concentrations, doses, and dilutions; ex-
posure profiles considered; month of dosing; type, number, and
timepoint of endpoint measurements; whether a NOEAC,
NOEAEC, or community composition analysis was determined;
statistical analysis; which endpoints were excluded due to high
variability; least and most sensitive species and endpoints;
whether the mesocosm influenced the regulatory outcome; and
the rationale for the studies inclusion or exclusion. The extracted
information was then examined using qualitative document
analysis principles (Bowen, 2009). Key patterns were identified, so
that only properties that contributed to a study not influencing the
regulatory outcome were retained for the review.

Results and discussion

Fourteen mesocosm studies were identified for macrophytes in
pesticide risk assessment, and only five of these successfully con-
tributed to the critical RAC and hence affected the regulatory
outcome. Of the five studies that did influence the regulatory
outcome, four of them increased the RAC by a factor between
1.6-10.5. Notably, one mesocosm study led to a decrease in the
RAC; however, this was due to the impact of the PPP on algae.
The submission of 14 studies compared with the large number of
lower tier studies submitted suggests that in most cases, PPPs are
either not considered sufficiently toxic to warrant a mesocosm
study, having already passed lower tier regulatory assessments,
or are regarded by the applicant as posing too high a risk for com-
mercial use and investment in the development of that product
has ceased. This review explores the relative shortcomings of the
14 submitted studies in context of whether or not they affected
the risk assessment.

Good laboratory practice

The EFSA guidance (2013) states that risk assessment studies
should be conducted under the principles of good laboratory
practice (GLP), which helps assure the quality of data produced.
Two of the 14 submitted mesocosm studies were not considered re-
liable because they were not conducted under GLP. Of the two non-
GLP studies, one would have likely been accepted if it had been done
to GLP standard. The data analysis and presentation was too poor in
the other non-GLP study to be used for regulatory purposes.
Following GLP procedure will enhance the likelihood that data
analysis and presentation is adequate for regulatory processes.

Macrophytes

Table 1 lists the species used throughout the 14 mesocosm stud-
ies reviewed.

Number of species

The number of species used in the reviewed mesocosm studies
range from three to nine, with the majority of studies using only
three or four species to represent edge-of-field water bodies
(Table 1). Four of the five studies that were deemed acceptable by
regulatory authorities only included three species. The number
of species used did not influence whether a study was accepted
by the regulatory authority.
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Species sensitivity

In three of the studies reviewed, the emergent monocotyledon
Glyceria maxima was the most sensitive, whereas the submerged
dicotyledonous Myriophyllum spicatum was the most sensitive in
three other studies (Table 1). Two of the studies had the sub-
merged monocotyledon Elodea canadensis as their most sensitive
species, whereas one had Sparganium erratum and another had
Lemna sp. The most sensitive species is used to calculate the
NOEC value, which is used to determine the RAC.

Macrophyte morphology

All but one of the mesocosm studies used species representing
multiple types of macrophyte morphology. The exception, which
exclusively used free-floating species, was not considered reliable
as being able to show an acceptable risk to the aquatic environ-
ment because two of the three species failed to establish. In meso-
cosm studies, failing to establish refers to the plants dying even in
the absence of chemical exposure, likely because they were unable
to root into the sediment. A broader range of morphologies could
have improved the study’s chances of acceptance.

Establishment
In the majority of reviewed studies, macrophytes were planted in
pots before being added to the mesocosm. One study attempted
to plant macrophytes directly into the mesocosm, although they
did not establish so had to be replanted into pots and delayed
the study.

As mesocosms are artificial yet typically located outside to
mimic real-world scenarios, it can be difficult to ensure that spe-
cies establish after planting. A study in which only one of the

three species established only added macrophytes to the meso-
cosm one day before dosing. Similarly, another study, in which
the Elodea canadensis was planted one day before dosing, was not
considered reliable because the Elodea canadensis, which was the
most sensitive species, did not grow well enough in the controls
to calculate a reliable NOEC.

Five of the mesocosm studies used Lemna sp. (Table 1).
Throughout this review, Lemna gibba and Lemna minor are grouped
into Lemna sp., as they share similar traits (De Lange & Pieterse,
1973). In three of the five studies where Lemna was used, the indi-
viduals did not establish. However, one of the studies that did
successfully prove an acceptable risk to macrophytes used Lemna
for the NOEC value (Table 1). This study added Lemna five weeks
before dosing.

Volunteer species

Volunteer species are those that appear in the mesocosm but
were not planted so were most likely introduced via the use of
natural or seminatural sediment or water or via wind dispersal.
Most studies removed any volunteer species from the meso-
cosms before planting the chosen macrophyte species. Some
studies left the volunteer species in and took endpoint measure-
ments of both planted and volunteer species. However, in one in-
stance, the data from the volunteer species were disregarded due
to high levels of variation between treatments. Notably, one of
the studies that was accepted by the regulatory authority only
used volunteer species to assess the impact of the PPP. Although
this method is acceptable, it comes with risks of lack of unifor-
mity between individuals.

Table 1. Each species (subcategorized by morphology) used in one of the 14 mesocosm studies is listed, along with the number of
studies it was used in, the number of times the species did not establish in the controls within a study, the number of times the species
was the most sensitive (so used to calculate the NOEC value{, and the number of times the species was not affected by PPP exposure.

For the latter three values, the percentage of overall use is a

so provided.

Species No. of studies it No. of times it did not No. of times it was the No. of times it was not
was used in establish (% of use) most sensitive species affected at all (% of use)
(% of use)
Emergent
Glyceria maxima 4 0 3 (75%) 1(25%)
Hippuris vulgaris 2 0 0 0
Eleocharis palustris 1 0 0 0
Veronica beccabunga 1 0 0 1 (100%)
Sagittaria sagittifolia 4 0 0 2 (50%)
Sagittaria japonica 1 0 0 1(100%)
Myosotis palustris 1 0 0 0
Sparganium erratum 3 0 1(33%) 2 (66%)
Stratiotes aloides 1 0 0 0
Mentha aquatica 1 0 0 1(100%)
Zannichellia palustris 1 0 0 1(100%)
Free floating
Lemna sp. 5 3 (60%) 1(20%) 1(20%)
Callitriche stagnalis 1 0 0 1(100%)
Spirodela polyrhiza 1 1 (100%) 0 0
Rooted with floating leaves
Potamogeton natans 5 0 3 (60%)
Persicaria amphibia 2 0 0 1(50%)
Submerged
Potamogeton crispus 2 0 0 0
Lagarosiphon major 1 0 0 1(100%)
Ceratophyllum submersum 1 0 0 0
Ceratophyllum demersum 2 1 (50%) 0 1(50%)
Myriophyllum spicatum 12 1(8%) 3 (25%) 4 (33%)
Myriophyllum aquaticum 2 0 0 2 (100%)
Elodea canadensis 8 1(13%) 2 (25%) 3 (39%)
Elodea nuttalli 2 0 0 2 (100%)

Note. NOEC = no observed effect concentration; PPP = plant protection product.

9202 1snBny 9z uo 158N Aq 9Z00ZE8/8EE/2/2Z/PI0IME/WESI/ W02 dNO DIWSPEOE WO PSPEOIUMOQ



Integrated Environmental Assessment and Management, 2026, Vol. 22, No. 2 | 341

Replication

Two replicates per treatment type is usually advised to enhance
the statistical power and reduce the likelihood of losing essential
controls (Giddings et al., 2002; OECD, 2006b). Using only one rep-
licate per treatment also carries risk; for example, if that meso-
cosm is damaged, no data remain for that concentration. This
proved true for one study, which was considered unreliable by
the regulatory authority after leaks compromised two treatments
and a control. The unpredictable nature of outdoor mesocosm
experiments inherently increases the risk of such incidents.
Another study was unable to demonstrate an acceptable risk to
the environment because there were only two replicates per treat-
ment, meaning that the data were highly variable. The regulatory
authority concluded that the high variability, attributed to the lack
of replicates, meant that the study did not have sufficient statisti-
cal power to be capable of detecting any treatment related effects.

PPP exposure

Mesocosm experiments are designed to physically model natural
ecosystems, so PPP exposure in mesocosms should accurately re-
flect real-world exposure scenarios (Giddings et al., 2002). The EU
uses FOCUS scenarios to model the fate of PPPs, using four steps
(tiers) that start simple, with no specific scenario, and end more
complex and less conservative (FOCUS, 2001).

When ensuring that PPP exposure in mesocosm studies
mimics real-world scenarios, it is important to take into account
both the magnitude and duration of exposure. For instance, ex-
posure via spray drift will likely only occur at the time of dosage,
whereas exposure via drain flow can occur repeatedly and less
predictably, typically throughout autumn and winter during high
rainfall events. Mesocosm studies should ensure that both the
magnitude and duration of the expected exposure is covered by
the chosen concentrations.

Exposure timing

It has been suggested that mesocosm dosing should occur in
spring to midsummer (Giddings et al., 2002; OECD, 2006b), al-
though most exposure via drain flow occurs due to heavy rainfall
between autumn and winter. Between spring and midsummer,
plants are actively growing and at their most sensitive life stage,
providing a worst-case scenario. Most of the mesocosm studies
submitted were indeed conducted between May-July when macro-
phytes are in their fastest growth stage, which satisfied the regula-
tory authority. However, two of the studies dosed their mesocosms
in March. The regulatory authorities were concerned about this
exposure timing so enforced a higher assessment factor than
usual. A higher assessment factor reduces the RAC to address con-
cerns regarding the potential for lower sensitivity of macrophytes
in March. This could lead to the assessment failing to demonstrate
an acceptable risk or the need for additional risk mitigation
measures.

Dilutions

It is important to ensure that the rate of decline of a PPP is the
same in the mesocosm as would be expected in the field. This is
typically done by replacing the contaminated water with fresh
water, hence decreasing the concentration of the PPP. Only three
of the studies chose to dilute the mesocosms to mimic PPP lost to
flow and rainwater. Two of these studies were deemed to have
appropriate exposure, whereas one was not considered reliable
because the dilutions decreased the PPP concentration faster
than the FOCUS exposure profiles predicted. Diluting mesocosms
can be an accurate way to mimic PPP loss via flow, which will

result in macrophytes being exposed to PPPs for a similar length
of time as they would be in the field.

Multiple doses

Only one of the reviewed studies applied multiple doses of PPP
to mimic exposure via drain flow. This study applied two doses,
seven days apart, and was deemed sufficient by the regulatory
authority. In contrast, a study that only applied one dose of PPP
was not considered reliable because real-world scenarios would
have multiple exposure peaks due to rainfall events, so more
doses were required to accurately represent real-world drain
flow exposure. This indicates that multiple doses of PPPs are a
good way to accurately reflect the predicted exposure.

Dosing method

All submitted studies used pulse doses to expose PPPs to the mes-
ocosms. There are two main methods for pulse dosing a PPP in
mesocosm studies. The toxicological approach involves directly
applying the PPP to the water and mixing to achieve an even dis-
tribution of chemical, whereas the simulation approach mimics
the realistic entry route of a PPP in the field, typically by spraying
the PPP onto the water surface (OECD, 2006b). Only one study
used the simulation approach and sprayed the PPP directly onto
the water surface to mimic spray drift exposure. This study was
not considered reliable for unrelated reasons. There appear to be
no limitations for a mesocosm study to use the toxicological ap-
proach to dose PPPs.

Matching exposure profiles

Three of the mesocosm studies were considered unreliable be-
cause they did not cover enough or any of the FOCUS exposure
profiles. In one instance, the regulatory authority found that the
PPP concentration in the mesocosms declined faster than in any
of the modeled FOCUS scenarios. However, it is worth noting that
the FOCUS model does not include processes such as photolysis,
so the exposure seen in the mesocosm may be a better indicator
of real-world scenarios than the FOCUS-modeled exposure. This
was recognized by the regulatory authority; however, they were
still unable to authorize the study because the exposure profiles
did not match. The other studies that were not considered reli-
able were due to incorrect dilutions or a lack of consideration of
all relevant exposure peaks, as described above.

Test concentrations

The mesocosm studies reviewed used between three and eight
concentrations, with the mesocosms that were accepted by the
regulatory authority using between three and six concentrations.
Not all of the accepted studies included a dose-response curve
(EFSA, 2013), suggesting that providing key data and a NOEC is
sufficient, and a dose-response curve is not essential.

Ideally, selected concentrations should range from the lowest
having no treatment-related impact on macrophytes, to the high-
est concentration having a clear impact. In one study, the lowest
concentration had a treatment-related effect on the macrophytes,
meaning that neither a fixed NOEC nor RAC could be determined
and the study could not be used for the risk assessment.

Endpoints

Endpoints refer to measurements used to assess the health of an
organism after exposure to a treatment. Table 2 details the type
of endpoints used in the 14 mesocosm studies evaluated and
their contribution to NOEC values.
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NOEC endpoint

The highest concentration at which there is no significant effect
on an endpoint is referred to as the NOEC. Therefore, the most
sensitive endpoints and species are used to dictate the NOEC. Of
the 14 studies, three did not show a significant impact of any test
concentration on the species’ endpoints. In this instance, the
NOEC value was based on the highest concentration tested, so ef-
fectively used all endpoints.

In six of the studies, dry weight was the most sensitive end-
point (Table 2). The remaining four studies that were able to de-
tect a most sensitive endpoint identified either a plant health
score, root length, cover, or stem length as the most sensitive
endpoint (Table 2). Notably, total wet weight was the most fre-
quently used endpoint (Table 2); however, it was never the most
sensitive so was not used to calculate the NOEC. Leaf wet weight
was used twice, and both times the results were too variable to
derive an effect (Table 2).

NOEC vs. NOAEC

Although the NOEC was used to determine the RAC for most
studies, some studies discuss using the no observed adverse ef-
fect concentration (NOAEC). The NOAEC only focuses on adverse
effects, so if a concentration causes a perceived positive or neu-
tral effect, it would be disregarded. One of the studies originally
attempted to use the NOAEC in a PPP application, as the NOEC
was a result of an increase in biomass, which the applicant sug-
gested was not an adverse treatment-related effect. However, af-
ter discussion, both the applicant and member state reviewing
the study agreed to proceed with the NOEC value. Using a NOAEC
raises many uncertainties as to what an adverse effect is. An
increase in biomass may appear not to be adverse; however, it
could still have knock-on effects on the resource allocation of the
individual plant as well as taxa that rely on macrophytes. This
could give an ecological benefit to that species over others and
undermine community resilience. Similar discussions occur in
animal ecotoxicology studies, with the regulatory relevance of
behavioral endpoints being questioned if they do not translate to
population-level effects (Agerstrand et al., 2020). Focusing on the

reviewed studies, the NOAEC has not been used in a mesocosm
study for regulatory purposes.

Recovery

The OECD guidance (2006b) highlights that a positive attribute of
mesocosm studies compared with lower tier laboratory studies is
that they can take recovery into account. However, reviewing the
14 submitted studies has raised questions regarding how often
recovery is investigated in mesocosms.

In the past, the no observed ecological adverse effect concen-
tration (NOEAEC) has been recommended for use rather than the
NOEC to take into account recovery (SANCO, 2002). The NOEAEC
describes a concentration that has no “long lasting” effects. If a
macrophyte is able to recover after exposure to a certain concen-
tration, then that concentration would not be considered ecologi-
cally adverse. The NOEAEC is not commonly used by regulators
in PPP risk assessments at present due to concerns that recovery
following exposure to one stressor will not be a good indicator of
recovery in a situation with multiple stressors, as occurs often in
agricultural landscapes (EFSA, 2013).

Five of the studies reviewed here determined a NOEAEC
concentration. For two of the studies, the NOEC was the same con-
centration as the NOEAEC, meaning that the NOEAEC did not need
to be explicitly taken into account. For one study, no treatment-
related effects were seen when using either the NOEC or the
NOEAEC. One of the studies that calculated the NOEAEC found
that the root length recovered; however, considering that the vari-
ation in plant health was so high, this study was not considered
relevant. Another study that calculated the NOEAEC found that
plant length for one of the species recovered over time, but this
study was not considered reliable because the exposure profile did
not align with the FOCUS model’s predicted degradation rate.
There is no evidence that the regulatory authority will accept a
NOEAEC value over a NOEC value.

Three of the studies that calculated a NOEAEC were those that
diluted the mesocosm units. The remaining two studies did not di-
lute the mesocosms when investigating recovery. Considering
NOEAEC values are not used by regulators, there is no consensus

Table 2. The endpoints used across the 14 mesocosm studies, along with the number of studies they were used in, the number of times
the endpoint was the most sensitive (so used to calculate the NOEC), and the number of times there was too much variation to be used.

Endpoint

No. of studies it
was used in

No. of times there was too
much variation to be used
(% of use)

No. of times it was the
most sensitive endpoint
(% of use)

Nondestructive endpoints, that can be used multiple times throughout a study

Stem length 5 1(20%) 0
Stem number 4 0 0

A plant score using health and abundance 1 1 (100%) 0
Cover 8 1(13%) 3 (38%)
Leaf area 2 0 0
General appearance (using coverage, structure and foliage) 1 0 0
Length of the longest leaf 1 0 0
Number of leaves 4 0 0
Number of flowers 1 0 0
Number of side shoots on main stem 2 0 0
Total shoot length 2 0 0
Destructive endpoints that can only be used once in a study (typically at the end)

Total dry weight 7 6 (86%) 1(14%)
Total wet weight 0 0 3 (30%)
Leaf dry weight 1 0 0

Leaf wet weight 2 0 2 (100%)
Root dry weight 1 0 0

Root wet weight 2 0 1(50%)
Root length 2 1(50%) 0

Note. NOEC = no observed effect concentration.
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as to whether macrophyte recovery should be recorded during or
after herbicide exposure.

Community

Principal response curves (PRCs; Van den Brink & Braak, 1999)
have been recommended for use in mesocosm studies (OECD,
2006b; SANCO, 2002) to investigate the influence of a treatment
type on macrophyte community composition. Principal response
curves are often used in regulatory studies on macroinverte-
brates or phytoplankton to determine a community NOEC (the
concentration where there is no treatment-related effect on the
community). They were not used in any of the 14 macrophyte
studies reviewed on macrophytes. One potential reason is the
small number of species used in macrophyte studies. Some of
the submitted macrophyte studies used as few as three species,
which is too few to undertake community composition analysis.
On the other hand, five studies did use at least six species so
would have been sufficient for PRC analysis. However, although
PRCs reveal interesting community-related impacts, they are
currently unlikely to set the overall RAC. Regulatory authorities
instead currently focus only on the most sensitive species rather
than the entire community. This means that there is currently
no drive for an applicant to design a mesocosm study incorporat-
ing community analysis.

Conclusion

This review assessed the current use of mesocosm studies in reg-
ulation and identified common weaknesses (Figure 1).

One study was not considered suitable because the lowest
concentration yielded significant treatment-related impacts, so a
NOEC could not be calculated. Two were not considered reliable
because the variation within treatment levels was too high,
linked to there not being enough replicates and macrophytes
having enough time to fully establish before dosing. One study
was not considered reliable because it was not conducted under
GLP. Three were not considered reliable because the herbicide ex-
posure did not cover any of the EU FOCUS profiles. One was not
considered reliable for a number of reasons, including no repli-
cates or statistical analysis and the exposure profile being incor-
rect. The remaining mesocosm study produced NOEC values that
were the same as the lower tier Lemna studies, so the mesocosm
study did not change the outcome of the risk assessment.

Mesocosms act as a physical model to represent exposure sce-
narios in natural ecosystems. This review shows that they are
currently not being used as frequently or effectively as they could
be, with experimental design being the main barrier preventing
regulatory acceptance. This places the responsibility on appli-
cants to ensure the quality of their mesocosm studies prior to
submission and the need for dialogue with regulatory agencies in
the study design. The PPPs that do not pass lower tier risk

Macrophytes

=>  Only using one morphology

=>  Using species such as Sagittaria sagittifolia, which is not commonly sensitive
=  Only allowing a few days for establishment

4

Replicates
> <2 replicates cause too much variation for statistical analysis

J

PPP Exposure

L2 2 2

PPP exposure occurring when macrophytes are not actively growing

Dilutions and multiple doses are incorrectly used and do not mimic realistic PPP exposure
The exposure profiles does not mimic the relevant models

The test concentrations are all either too high or too low

!

Endpoints
=  Wet weight is often not a sensitive endpoint

Figure 1. Common shortcomings observed in the 14 mesocosm studies submitted for regulatory purposes. PPP = plant protection products.
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assessments should be tested in well-designed mesocosm studies
to increase the likelihood of being accepted for risk assessment.
This review highlights common shortcomings in mesocosm stud-
ies used for regulatory decision-making.

Data availability
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