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Identifying long-term community effects of low toxicant
concentrations is one of the major challenges in ecotoxi-
cology at present. Mesocosm investigations, which are one
valuable tool to identify such long-term community effects,
face the problem that results are obscured by confounding
factors and high variability between replicates (Sanderson
et al. 2009). This problem is even greater when assessing
long-term effects of toxicants because inter-replicate vari-
ation increases with time. Under such conditions, multi-
variate analyses on species data such as usually conducted
with PRCs dramatically lose power to identify statistical
links. With the SPEAR,..socosm approach based on the
investigations of Liess and von der Ohe (2005), we are
aiming at resolving these shortcomings. We suggested a
trait based aggregation of species that reduces the vari-
ability of community measures to reveal causality between
exposure and effect for mesocosm experiments. We also
show that this approach offers advantages in detecting
long-term community effects compared to the traditional
species-based PRC approach of (Van den Brink and Ter
Braak 1999). Van den Brink and Ter Braak stated that the
SPEAR,,.cs0cosm approach (Liess and Beketov 2011) “may
not offer the level of improvement suggested”, is not “an
entirely appropriate approach for the evaluation mesocosm
studies”, and “the generality of the proposed method is at
best rather questionable”. We had to come to the conclu-
sion that most of their critics are based on a lack of
understanding of the SPEAR,..socosm approach. We are
happy to assist in gaining further insights to our approach
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with comments targeted directly to the critics of Van den
Brink and Ter Braak.

Understanding SPEAR,,,.socosm

We agree with Van den Brink and Ter Braak that “PRC is a
multivariate statistical method and SPEAR,,.socosm 1S @
univariate method.” However a more fundamental differ-
ence is that SPEAR,,,.soc0sm 18 DOt solely a statistical method
but (i) is using a priori knowledge to identify the most
vulnerable taxa and (ii), is aggregating these taxa to reduce
between replicate variability. There is often much vari-
ability between mesocosms under the same treatments, the
different control mesocosms can have quite different
communities (Sanderson et al. 2009), as can replicates of
the various treatments. Under multivariate methods this
adds noise and effects of the treatment will only be
detected if they are greater than this noise. But methods
like SPEAR,,cs0cosm Which aggregate all taxa into sensi-
tivity categories (at risk or not at risk in the case of
SPEAR) reduce this noise and then only compare whether
the proportions of the categories differ between treatments.
For the same reason SPEAR in general was also highly
successful in identifying effects of pesticides on the eco-
system level (Liess and von der Ohe 2005; Liess et al.
2008; Schifer et al. 2011).

Van den Brink and Ter Braak miss the point when they
write “PRC diagrams show the contrasting responses of
different taxa, very much like the contrasting response of
the sensitive univoltine species and the other taxon groups
as displayed in Fig. 2 of Liess and Beketov (2011).” The
groups displayed in Fig. 2 are obtained using the respective
a priori knowledge, not by statistical analyses. Van den
Brink and Ter Braak write “The agreement of Fig. 2 with
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PRC would have been even greater if the percentage
change would have been plotted on a logarithmic scale.”
Presenting the results on a logarithmic scale or a linear
scale will not change statistical power. The fact is that
PRC does not detect statistically significant long-term
effects even at the highest concentration of 100 pg/l
Thiacloprid (neither 1st nor 2nd PRCs, see below) whereas
SPEAR,,.c50c0sm detected changes at the lowest concentra-
tion tested of 0.1 pg/l, which is a factor 1,000 lower.

To identify the performance of the different approaches,
it is crucial to compare the respective outcomes. However,
Van den Brink and Ter Braak question a comparison of
SPEAR,,..50cosm Versus PRC. Their reasoning is that “the
PRC diagram shows the dominant response present in the
whole invertebrate community, SPEAR,,c5ocosm Only takes
(presumed) sensitive species into account”. We compare
the 2 approaches because they are applied for the same
purpose: the detection of adverse toxicant effects for risk
assessment. For this, it is crucial to identify short-term
effects, and perhaps even more important, long-term
effects of toxicants. Regarding the difference of endpoints,
it is more logical to describe the community in relation to
its proportion of sensitive species instead of its dominant
response, with respect to levels of protection and accept-
ability of effects in ecological risk assessment. The vul-
nerable species are those most determinant in risk
assessment; as they will be more threatened by toxicants
and thus will lead the risk assessment. Similarly to this
approach, PRC also attempts to identify species that are
sensitive towards the toxicant applied. The difference
between the approaches is that (i) SPEAR,cs0cosm Zroups
the vulnerable species and can therefore also include those
that are only present in low numbers and show a great
variability between replicates, and (ii) which results in
SPEAR,,.cs0cosm detecting long-term effects that the PRC
approach based on all species using PRCs is not able to
identify.

Effect identification of single taxa is suggested by Van
den Brink and Ter Braak as a possibility to get a better
insight and improve understanding on relevant effect con-
centrations. We agree that this approach is reasonable and
in many cases more sensitive compared to the PRC
approach. That may be the reason that it is commonly
required in the evaluation of microcosm and mesocosm
studies performed for registration purposes. However, the
optimism regarding effect assessment of single taxa of Van
den Brink and Ter Braak is misleading. They state that
“Such analyses would no doubt also highlight the sensitive
responses at the population level as are presented by the
SPEAR method.” But we showed previously that Thia-
cloprid effects at low concentrations (0.1 pg/l) could only
be observed for one species at some time points and long-
lasting effects—as shown by SPEAR,,.cocosm—Were not

identified (Beketov et al. 2008). The cause for the difficulty
to identify low-level effects for single taxa lies in the low
numbers of replicates available for all mesocosm investi-
gations and the high variance generally present in such
complex systems (Sanderson et al. 2009). As stated
repeatedly, only the grouping of taxa—as done in
SPEAR,,.c50c0sm—allows this problem to be tackled.

Improving PRC

Van den Brink and Ter Braak suggested several improve-
ments for the standard PRC as described in (Leps and
Smilauer 2003). This includes an a priori classification into
“PRC analysis only using the sensitive univoltine taxa”.
We implemented this idea already in a mesocosm inves-
tigation quantifying recovery times for species with con-
trasting life cycles (Beketov et al. 2008). The results
revealed that taxa characterised by a long life cycle need a
prolonged time for recovery. However, this “improved
PRC” approach again did not reveal statistically significant
effects as low as SPEARmesocosm.

Additionally Van den Brink and Ter Braak suggested
applying a higher order PRC even they “acknowledge that
testing the second PRC on its significance and presenting it
when it is significant is not common practice”. We are
fully aware of the potential of the second, third and further
PRCs, but we cannot share the optimism of van den Brink
and Ter Braak regarding this technique. When assessing
effects using second and further PRCs, it is not possible to
assess effects of separate concentrations, e.g. by supple-
mentary RDAs, and therefore to derive NOECs and
LOECs. Furthermore, for such axes it is problematic to
unequivocally attribute the observed effects to the tested
toxicant and not to other, frequently unknown factors. This
makes this approach an exploratory tool that may be used
to delineate possible gradients and generate hypotheses
(similarly to unconstrained ordination techniques) (e.g.
Leps and Smilauer 2003). In our case, the second PRC was
statistically significant, and regarding the species scores,
clustered the SPEAR-species together. However, the pat-
terns expressed by the second PRC itself did not show
long-term effects. This again confirms that it is difficult to
interpret results obtained by this technique, especially
when compared with simple and transparent grouping of
most vulnerable species into the SPEAR,,csocosm index.

Technical questions on SPEAR,,,ccocosm
The general correctness of species classification into sen-

sitive and insensitive taxa was questioned by Van den
Brink and Ter Braak. Pesticide effects “shown by Figs. 2A
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and C of Liess and Beketov (2011) which indicate direct
effects on taxa that are classified as insensitive” was used
as an argument to support their critics. Here we suggest to
apply the general knowledge of Paracelsus who realised
already in the 16th century the basic principle of the dose
response relationship, stating that the strength of effect is
dose depending “All Ding’ sind Gift und nichts ohn’ Gift;
allein die Dosis macht, das ein Ding kein Gift ist”. Coming
back to our example, we can expect to see effects on
insensitive species at 100 pg/l of Thiacloprid when
simultaneously sensitive species show effects at 0.1 pg/l,
i.e. a factor 1,000 lower!

In particular the species classification of Gammarus and
Chironomidae was questioned by Van den Brink and Ter
Braak. Here our paper states that a taxon is regarded as a
“‘species at risk’” only if the generation time is equal or
more than 1 year. Hence, both Chironomidae and Gamm-
arus sp. cannot be classified as species at risk (i.e. SPEAR-
species) because they are multivoltine.

Regarding the statement “SPEAR,,.socosm indicator does
not allow for unforeseen sensitivities or life cycle charac-
teristics of taxa”, we would like to draw the attention to the
following statement in our publication: “We suggest using
the SPEAR,,.c50c0sm approach as well as the PRC approach
in order to obtain a comprehensive assessment of the
toxicant induced community effect”. Hence, we fully
agree that PRC should be also used in concert with
SPEAR,,.cs0c0sm t0 NOt miss any chance to identify unfore-
seen effects. However, to our experience until now,
SPEAR,, .s0cosm Was identifying effects unforeseen by the
PRC approach.

It was criticised that “the reader cannot ascertain whe-
ther Fig. 2D is based on high or low abundance values
(even single individuals), which is of crucial importance in
any robust evaluation of the effects on sensitive univoltine
species as compared to the whole community.” But to
inform the reader about the robustness of an evaluation, the
use of statistical test in combination with certain levels of
significance (i.e. P < 0.05) is generally widely accepted.
This also enables a fast and reproducible estimation.
Hence, to inform the reader, we provided information of
the tests used and levels of significance applied. For the
SPEAR-species, with the average of 6.2 individuals
collected in the time period before first contamination/
mesocosm (i.e. equals 23 individuals/square meter. This
ranks the SPEAR-species exactly in the average abundance
for all species; roughly 50 times less abundant than the
dominant species (Simulium) and 50 times more abundant
than the largest predator species (Aeshna).

Regarding the statement that of Van den Brink and Ter
Braak that SPEAR,.5ocosm index “focuses on sensitivity
and voltinism, it also ignores indirect effects, which
are a key consideration for performing microcosm and
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mesocosm tests”, we again have to draw attention to the
content of our publication which clearly shows that the
SPEAR,,.socosm index covers the overall results of indirect
effects.: “The SPEAR,,csocosm index was computed as the
relative abundance of sensitive univoltine species... as
detailed in the following formula...” (page 1332). Hence,
as the SPEAR,.socosm index is calculated as relative
abundance of species at risk to the abundance of species
not at risk, it indeed accounts for indirect effects. The
decline of sensitive species increases the development of
insensitive species as also shown for ecosystem level
effects of pesticides (Liess and von der Ohe 2005). Also
interactions of toxicant stress with abiotic stress (Duquesne
and Liess 2003), predation stress (Beketov and Liess 2006)
and also even subtle stress leading to behavioural responses
(Reynaldi et al. 2011) will be included into the altered ratio
of SPEAR, as sensitive species are affected more than
insensitive species (Foit et al. 2011). Therefore we con-
clude that of course the SPEAR,,.csocosm approach includes
indirect effects into its response.

Toxicants with different mode of actions can have very
different toxicity profiles. To account for this fact we stated
in our paper that “...classification of taxon sensitivity was
adapted... to produce a ranking of taxon sensitivity to this
specific toxicant according to the available knowledge.”
We believe that Van den Brink and Ter Braak understood
this approach as they state that “This suggests that one
could require a different SPEAR,,csocosm fOr each new
compound to be tested...” In this context it is incompre-
hensible to us that Van den Brink and Ter Braak state “The
use of a single indicator of sensitivity neglects the fact that
pesticides with different mode of actions can have very
different toxicity profiles.” This is exactly what we stated
in our paper and the reason for us to adopt the sensitivity
ranking for Thiacloprid.

Concluding remarks

Moving forward from the rather technical discussion of this
paper, we would like to draw the attention of the readers to
the implications of our findings that may have sparked this
discussion. Since decades, there is a heated debate about
extrapolating effects of chemicals observed in lower- and
higher-tier tests to make predictions so that the aquatic
communities of natural ecosystems are not endangered.
Within this context, one important question is the assess-
ment factor that should be used to make sure that no
unacceptable effects on the ecosystem will occur, follow-
ing the use of pesticides when extrapolating the endpoint
from a SSD based on acute laboratory LC50 data. Amongst
other papers with the participation of van den Brink,
Maltby et al. (2005) compared single-species acute toxicity
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data with effects observed in (micro)mesocosm. Reviewing
information for single applications of 7 insecticides, they
concluded that the median HCS derived from a SSD based
on acute laboratory LC50 information was generally pro-
tective for communities in (micro)mesocosmes.

We would like to challenge this “rule” based on our
observations. In the study of Liess and Beketov (2011) we
identified long-term alterations of community structure
with SPEAR,,.csocosm at 0.1 pg/l. This concentration is 7
times below the concentration identified as relevant end-
point from a SSD based on acute laboratory LC50 infor-
mation for Thiacloprid (i.e. HC5 LC50) (Beketov and Liess
2008). As an additional support we re-evaluated with
SPEAR,,.c50c0sm the study of Van den Brink et al. at (1996)
investigating the effects of chlorpyrifos in mesocosms. We
are, unfortunately, not in the position to present the results
here—supporting our claims—since no authorisation for
their presentation was given, despite a request to the
authors.

We conclude, that trait based methods such as
SPEAR,, .50c0sm €nable a realistic assessment of long-term
community effects. This allows in concert with other
methods (e.g. adoption of SPEAR to available toxicity
information for particular compound) to derive safe con-
centrations for effects in complex mesocosm communities
and eventually the field.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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