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freshwater ecosystems by spray drift, leaching, nun-off or
accidental spills. Foe a hazard assessment of these pesticides,
microcosm and mesocosm experiments can be carried out
Although smaller and less complex than real-world freshwarer
ecosysems, microcosms provide the opportumity to perform
ecosystem-bevel research in replicable test systems under
conditions thar are manageable in terms of costs and logistics
[1]. These experiments, however, involve grear effort in
sampling, identification of the Mological communities and
measurements of paramerers. Data of only the most common
taoa appear subtable for univariate statistical analysis {e.g.
ANOVA). By contrast, multivariate statistical analysis
analyses all availsble data and describes the effects of
chemical stress af the COREIMLNELY level In this puper we will
discuss four different multivariare techniques.

Example data sef

The example dara set resulted from an experiment in micro-
cosms, simulating the communiry of drainage ditches, and
with the herbicide linuron as a stressoe. The outline of the
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experiment is summarised in Texthox 1. The microcosms
consisted of w glass aquarium (volume approximarely | m')
with a natural sediment layer of 10.cm and & water layer of

&0 can {photographs 1 and 2). Dhring the preparatory phase of
the microcosm experiment the macrophyte Elodea nuctallii and
indigenous invertebrate and algal species were inmoduced.
Zooplankton, macro-invertehrates, phytoplankton and
periphyton were sampled and identified (bilweekly from 1
week before the stant of the experiment until 10 weeks after.
Dhiring this period several physico-chemical parameters were
also measured. The experiment and the phytoplankion data
set. which is used in this paper as an example, are described
and discussed in detail in Van den Brink ¢ al. [2] and
Cuppen et al. [3]. In the application of the first two methods
(TWINSPAN and DCA), abundance values were avernged
over replicares. The later methods used the original samples.
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TWINEFAN (Two-Way-INdicator-SPecies AMalysis) [4] is a
hicrarchical divisive clustering method that & very popular
amoig community ecologists. Searcing with all samples in one
group, it divides this growp ineo owo sub-groups. These sab-
groups are then divided into sub-sub-groups, etc, Each division
is hased on Correspondence Analysis [5], Correspondence
Analysis has the desiable ahility to detect chusters and to
sequence sample data thar arise from bell-shaped reponse
curves [Textbox ). Applied to the example data ser, THIM-
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Figure 1.  Dendmgram of the example dara it Hﬂtmw;f
The sample cocdes, 2., =10, sre week mumber followed by dose.

SPAN vielded the dendrogram of Figure 1. The first division
septates mosl early smples (weeks -1 g0 3] from the later
samples. Later divisions are more difficult o iverpret, except
foor the final division on the right-hand sde, which sets mpart
all samepbes from the 150 pgil creatment maken in and after
week 2 and all samples from the 50 pg/l. treatment taken in
and after week 4, This cluster contains an odd conrol samgple.
In its finer detail, the dendrogram thus sugpests @ treatment
effect. It does not provide information on the magnitode and
nature of the effects
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Flgure 2. Ordinion disgram resubiing from o DCA on the examphe dats sex. mhmhm;ﬁmhﬁm o, (4

variance, 14% is digpliryed on the horizmial avis and 7% oo the wernical asis,
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Detrended Comespondence Amalysis {[CA), s an
improved form of Comespondence Analysis. Incorpomted in
the computer programmes DECORANA [6] and CANOCO
[7] it is among the most popular cedimarion methods wed in
ecology. It results in a diagram dhat represents the major
pattem of between-sample variation (Figure 2}, In the
diagram, samples with nearly identical species composition lie
chime together, while samples with very different species
composition lie far apan {for more explanasion see Ter Beaak,
IB1}. S0, the samples taken at weeks -1, 0 and 1 in the highest
mreatment have a similar species composition, which differs
from the species composition of all other samples. Inoan
attempt o highlight the structure of the experimental design,
time-trajectories are added o Figure 2, The trajectories for all
treatments can hardly be separared from each other, so the
treatment effects are difficult to discemn from Figure 2. Usually
the species are also presented in the dingram bat in our stody

the species were placed o far outside the range of the
samiples to be shown.

RDA and PRC

Chtside commumity ecology, Principal Component Analysis
(PCA) is the most frequently wsed mubtivariate rechnlguee. In
contrast to DCA, PCA s based on a linear response moded,
Redundancy Analysis (RDA) is the constrained form of PCA
{Texthox 1). RDA constrains the ordination to that pare of
the todal variance of a datn ser thar i explained by a given set
of explamatory variables, We wed wearment, tme and their
ineraction as explanatory variables, I this particular
example, the sme ordination could have been obtined by
applying a PCA on sbundance values averaged over
replicates, as was done in DCA. Van Wiingaarden et al. [9]
compare DCA, PCA and BDA and their usage in mesocosm

Figure 3.  Ohelinanon diggram ( BDA) indicarng efferny of the berbinide bramon om te phamplodron. Samping week ond oeaoment level, @ well a2
chefr gteractions, were taken o explonatry variables. The lines represens the course of the remrmens levels in tme_ O all wamionce, 78% omald be
atminted in the explanaiory variables. O this explomed vamiance, 61% i explained i the diggram,
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research in more detail. Wan den Brink er of. [10] provide
maore examples of RDA.

Figre ¥ displays the ordination with added rime-
trajectories resulting from RDA applied to the example dara
set. The horizontal mis shows mainly the changes in species
composition in time. The vertscal axis shows a difference
compared to the control for the 150 pgll. oeamment and less
pronounced also for che 50 pgll meatment. The semplbes
taken at the start of the experiment are all placed close
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together. The placement of the species indicates higher
abundance values in the highest ereatments for
Chlamydomonas sp. and lower sbundance values for Cocooneis
sp., Chroomotas gp. Phormidhin fovesleriom, ete.

Dagrams such as Figure 3 may become very clurtered (se
for instance Kersing and Van den Brink, [11]). Even from
Figure 3, it is hard to discern how the trearmens effects
change in time, To overcomse these problems we necently
developed a varmnt of RDA, called Principal Response
Cuarves analysis (FRC [12]). FRC Is designed 1o dhow
optimally the major changes in treatment effects over time.
The new method sooms inat differences in species-
compesition between the treatments and control at each
pamicular timepoine. The model of PRC is outhined i
Tesxthon 3. The: vesult is a FRC diagram such as Figure 4,
The horizonral axis demotes the week relative o the seart of
the wrestment and the vertical axis the treatment effect,
expressed g deviation from the conmol. The curves so
obtained are called principal response curves. The curves for
the 50 g/l and 150 pg'l. oreamments cach reach dheir
maskmum deviation from the controd after four weeks, the
maximum effect being much larger for the 150 pg'l wrearment
than for the 50 pg/l weatment. The lower doses do not show
a strong effect. The scores of the taxa as shown on the right
are weights expressing each taxon's affinity with the principal
respomse curves. Chlomedomonas sp. has & high negative
wielght and this cocummed in higher abundance vabues at the
two highest doses after stare of the trearment. Phormidium

Joveodarum showed the opposite response since it has a
positive weight with the diagram. The mean sbundance
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Figure 4. Principal vesporse curoe seulling from she smalysi of the example dooa sed, mdicaiing the efflacey of the herbicide lnuron on ghe
Phsoplankeon community. Of all wmiance, 47% cosdd be arnbuted oo sompling dare, and is displossd oo the hosipmal s, OF ol sesece, 30% could
be asmibured w0 emmenc. Cf the vomimer axplaned by maamment, 23% is diiploed om the wertical ais, The fines represent the couwrse of the imesment
leveds in s, The species weight () con he mtevpreted as the affniey of the wyvoen with dhe priscipal responss e,
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Figure 5. Dhmamics in pambers of meo phesinplankion gxa, Shoum are the geomermic means of the cosnted nambers per rearmend [evel, of (AJ

Chlamydomonss and (B} Phoemidium fovecksmam,

parrerns of both taxa are given in Figures 54 and 5B

respectively. These parterns correspond very well with the
erearment effects as indicated by the PRC diagram.

Conclusions

From this case sudy we conclude thar RDA more clearly
displayed the treatment effects than TWINSPAN and DCA.
A possible explanation for this is that ecotoxicalogical
dose-response relationships are usually logistic, which &
hetter approximated by a linear model than by a unimaodal
madel. In addition, Comespondence Analysis focuses on the
relative abundances of taxa whereas RDA concentrates on
the absolute abundances. An overall decrease in abundance
may therefore go unnoticed in Comespondence Analysis.

Thie results of PRC were more easy to interpre than those
of RDA. By fiktering out the mean abundance pattern across
time in the control, FRC focused on the deviation between
rrearmsent and associated control. The principal response
curves dusplaved the major pattern in these deviations and
were i good summary of reponse curves of individual taxa,

Moise 18 sometimes belisved 1o be an overriding property of
ecological data. Our most important conclusion is perhaps
that proper staristical analysis revealed clesr response pamerns
in nodsy ecobogical data.
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