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Abstract: European Union legislation requires achievemengaufd ecological status of European streams and
rivers. Because of that, the ecological statusllofteeams has to be assessed and evaluated réf itha status
identified less than good the remedial measureg brispplied. For effective remediation it is nseeyg to find
the cause of worse than good status classificaliparbanized areas is a number of urban drainagiets with
consequences in a necessity of very detailed bidgotorg. Due to time and money demands of suchiléeta
monitoring, it is not possible to make standardieeatroinvertebrates field sampling and processingvaluate
the ecological status. Therefore, admissible sfioption of field sampling of macroinvertebratesrgzared to the
standard AQEM method was searched for. Both theceffif the subjectivity of multihabitat samplingdathe
effect of the reduction of the number of samplirgngs and their uncertainties were studied withphaf field
experimental work and probabilistic Monte Carlo siations. It was proved, that a substantial reductf the
number of sampling units (from 20 sampling unitguested by European protocol AQEM) is possible doty
ASPT and saprobity index (7 sampling units is sigfit) and diversity (9 sampling units is suffidlerA certain
reduction (to 14 sampling units) is also possilde the number of individuals, % EPT and IBI indext Ino
reduction can be applied in case of number of ExdaBMWP, where already the replicate 20 unit semplere
biased by an unacceptable uncertainty.
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Introduction

European Union legislation - Water Framework Dirext2000/60/EC [1] requires
achievement of good ecological status of Europé&@asis and rivers. For this reason, the
ecological status of all streams has to be asse3$mdassessment of ecological status is
based on several indicators, benthic macroinvetebraeing one of them. However, the
realization of extensive macroinvertebrates mommitpprograms requires a lot of effort and
time. Thus, it is not always possible to evaludte ecological status by the detailed
macroinvertebrates field sampling and processing][Zor this reason, studies searching
for a simplification of this procedure are necegsard urgent [5].

The biomonitoring process contains several stegschwcan be simplified to save
time, and hence money: field sampling, laboratorsocpssing and taxonomical
identification. Most studies of possible simplifitan have focused on the laboratory
processing by subsampling when only a part of #mapde is processed. However, the
minimum number of individuals that has to be tak&n account to obtain a valid result
varies widely between 100 and 700 [6, 7]. Littleeation has been paid to the possibilities
of the field sampling simplification. Only Vlek at [3] studied the effect of the sample size
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on individual benthic metrics and final bioassessthtd the streams. Metrics dependent on
the absolute abundance were more sensitive tcathple size than those dependent on the
relative abundance. Also the effect of the varigbibf multihabitat samples has not been
investigated systematically. Lorenz and Clarke $#Qidied the similarity of replicate
samples on one sampling site and found out thatried 83-100%.

Comparing various countries, field sampling protecdiffer substantially. Some
methods require multihabitat sampling when the dmmite is covered by sampling units
distributed relatively to the microhabitats occage. Other methods doesn’t use a certain
number of sampling points but the sampling is pengxd for a certain timeg.g.3 minutes
AQEM [8], PERLA [9]. In 2006 the comparison and erdalibration of the national
methods within EU with the AQEM one was performadttie STAR project [10]. This
project found that some methods were compatiblédy WiQEM and their variance was
< 10% €.g.Czech method PERLA) [9].

Thus, in our study on admissible simplificationfiefd sampling of macroinvertebrates
of standard AQEM method was searched for includhioth the effect of the subjectivity of
the multihabitat sampling and the effect of theuaibn of the number of sampling points
and their uncertainties.

The requirements on the uncertainties imposed bysiimplification of the sampling
method are that the simplified sampling must be ablreveal stream disturbances caused
by discharges from the urban drainage system. @ isitconsidered to be significantly
disturbed by urban drainage if the difference imltabundance from reference conditions
(usually a site upstream of the disturbance souschjgher than 30% or the difference in
number of taxons greater than 20% or 3 or moreispaxith at least mean abundance or
one highly abundant species do not overlap [11].dHeer metrics the uncertainty of about
15% reflects the natural variability [12]. Thusettelative error of the simplified sampling
method compared to the standard method must be knar these values.

Materials and methods

Seven streams of different morphological qualityeveampled. Three of the streams
were in urban areas affected by combined sewerflowey, four were natural streams. The
stream morphological status was assessed accdodihg Swiss methodology [12].

In order to find the multihabitat sampling subjeitii the AQEM procedure (reach
length 20 m at least, multihabitat sampling, 9 sesoper unit) was applied with the
exception of the number of units. Contrary to 2@tsurequired by AQEM, 34 to 41 units
were sampled in individual streams. It allows bathdetermine the uncertainty of the
subjective selection of 20 sampling units in theEMD method and to study the possibility
of a further simplification in a screening method.

Organisms from each sampling unit were collectexpt lseparately and preserved in
90% ethanol. In the laboratory all organisms weentiified to the lowest practicable level
(usually species) except Oligochaeta, Nematodabdiaria, Acarina, Chironomidae,
Ceratopogonidae, Psychodidae which were not idedt#ny further.

In order to identify uncertainties introduced b tleduction of sampling units, Monte
Carlo method was used. In each simulation (randatioiz) a desired number of sampling
units x was randomly chosen and benthic metricewafculated. The randomization was
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repeated y times (y = 500). It resulted in y pdssimalues of each benthic metrics, which
were statistically analyzed to obtain probabilitgndity functions (PDF) (log-normal
distribution was considered).

The process described was applied to x values mgrigpbm 8 to 20 in order to find
a relation between the number of sampled unitsthaduncertainty of individual metrics.
The values of metrics from the original sampile.(from all sampled units) served as
a reference.

In order to ensure that selected sampling unitsnatesimilar (as a biologist selects
different representative habitats) criteria resitng the selection were implemented.
A maximum difference of 40% from the original samplas set for all criteriae(g.in case
30% of sampling units in the original sample hawflvelocity of 1 m/s, then 18-42% of
units had to be in the same category in the redeaeatple). To allow a comparison of this
restricted selection with a non-restricted oneg@oad run of simulations was done for the
random selection without restrictions.

Eight metrics were evaluated: number of individuatmmber of taxa, metrics
describing general degradation: % of EPT taxa amdrsity, and metrics characterizing
organic pollution: Si (Saprobity Index), ASPT (thgerage Score per Taxon) and BMWP
(Biological Monitoring Working Party) [7]. Also BHI (Benthic Index for Biological
Integrity) describing general and morphological rdegtion was calculated [13].

Results and discussion

In our study on admissible simplification of fiekhmpling of macroinvertebrates of
standard AQEM method was searched for. Both thecefbf the subjectivity of
multihabitat sampling and the effect of the reduttdf the number of sampling points and
their uncertainties were studied with help of fieg#perimental work and probabilistic
Monte Carlo simulations.

Simulations showed that the restriction criteriplegnl on the sampling units selection
had only a minor influence on results as they cdusss than a 3.5% decrease of
uncertainty (less than 2% in most cases). Therethee results of random selections are
presented.

Figure 1 shows two typical patterns of behaviobefithic metrics: 1. nearly no effect
of the systematic error, and 2. a pronounced effettie systematic error.€. a systematic
under- or overestimation of the metrics due to itteifficient number of sampled units).
Number of individuals, Saprobic Index, diversitydaASPT belong to the first group as
they are not affected by a systematic error lathan 2%. Percentage of EPT taxa is
systematically overestimated by up to 4% and IBbveh no systematic error until
15 sampling units (if the number of sampling urigsfurther reduced, the systematic
underestimation increases). Number of taxa and BMAMéPrepresentatives of the second
group as they are highly affected by the systematior caused by the increased
probability of missing rare species when numbesashpling points is reduced.

The full line in Figure 1 represents the mean vabfemetrics in unrestricted
simulations, dotted line mean value of metricsdstricted simulation, dashed lines mean
random error as 90% uncertainty of unrestricteduktions. Relative uncertainty of 0%
corresponds to the reference value of metiiesf(om all sampled units).
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Fig. 1. Course of metrics uncertainties in relatiorthe decrease of the number of sampled unitsrierstream
sampled

The minimum number of sampling units needed to ntieetcriteria for the relative
uncertainty of individual metrics can be derivednir the courses of uncertainties of the
individual metrics (Table 1).

Table 1
Number of sampling units needed to meet criteniadtative uncertainty
§‘ > Q ¢} © © g T C =
g | 8§ || 3| 8| 2| ¢g| & |8e]|8¢
i o © > = T ©
Metrics é § js % 3 E 8 § § = § ‘2
E o} T 2 ho | §=
Individuals 13 20 11 12 13 16 10 13.6 3.2 19
Taxa 20 20 20 20 20 20 20 20.0 0.0 20
%EPT 6 16 6 8 11 20 20 12.4 5.8 ~20
Saprobity index 6 11 6 6 6 6 6 6.7 1.7 1
ASPT 6 6 6 6 6 8 6 6.3 0.7 8
BMWP 20 20 20 20 20 20 20 20. 0.0 2(
Diversity 6 20 6 6 9 7 6 8.6 4.8 17
IBI 7 20 6 6 6 20 19 12.0 6.7 ~2(
Conclusions

No sampling simplification is admissible for thermoer of taxa and BMWP, where
already the replicate 20 units samples were bidgean unacceptable uncertainty. On the
other hand, only 7 sampling points are in averaggessary for ASPT and Si and 9 points
for the diversity. 14 sampling points should beawerage sufficient for the number of
individuals, % EPT and IBI. However, standard dgeizs of the necessary number of
sampling units are quite high for some metrics éeggly IBI, % EPT and diversity).

Benthic metrics studied exhibited a different dejecy on the samples size as also
confirmed by [3, 7, 10]. A further reduction of theamber of sampling units is possible for
metrics, for which the calculated relative unceraibased on the 20 units sample is lower
than the requested uncertainty. Thus, a substamtihiction of the number of sampling



Simplified sampling of benthic macroinvertebraftesn small streams 521

units is possible only for ASPT and saprobity indeshich are very robust. A certain
reduction is also possible for diversity, numberimdividuals, % EPT and IBI index.
However, in case of the number of taxa and BMWPaberage uncertainties are higher
than the requested ones even for replicate 20 saitgles no reduction can be applied.

As a conclusion, no screening method of the figlthgling reducing the number of
sampling units from the original 20 unites usethm AQEM method can be recommended.
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Abstrakt: Normy legislacyjne Unii Europejskiej (Ramowa Dyngka Wodna 2000/60/WE) wymagaj
osiagniecia dobrego statusu ekologicznego rzek i strunmarmbszarze patw cztonkowskich. Z tego zgpowodu
status ekologiczny rzek i strumieni krajow Unii goien by¢ okreslony i oceniony. W przypadku gdy status ten
zostanie oceniony jako mniejzndobry, powinny zostapodgte odpowiedniesrodki zaradcze. Dla wdéenia
efektywnych dziata polepszajcych stan ekologiczny strumieni nafenajpierw zidentyfikowa powody, dla
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ktorych jest on niezadowalgy. Na terenie obszaréw zurbanizowanych zlokalizoxgh jest zwykle wiele
wylotéw z systemdéw odprowadzalch wody opadowe, ktére powinny dpoddane odpowiednim procedurom
biomonitoringu. Ze wzgdu na znaczne naklady finansowe i czasochiéhmie jest maliwe prowadzenie
standardowych procedur pobierania i analizy prahekrofauny bezkgowej dla kadego z tak licznych punktow
wraz z wymaga# ocery statusu ekologicznego. s8ttez poszukiwane gsposoby dopuszczalnego uproszczenia
metod pobierania prébek makrobegiowcéw w odniesieniu do standardowych metod AQEM.r&khach
przeprowadzonych baflaza pomog terenowych prac eksperymentalnych oraz symulacjiykorzystaniem
metody Monte Carlo, analizowano efekty subiektyvmegrobkowania siedlisk wielogatunkowych oraz
zmniejszenia liczby punktéw pobierania prébek paane z niepewrigia probkowania. Dowiedzionoze
znaczne zmniejszenie liczby prébek (z 20 wymaganyginotokole AQEM) jest mdiwe tylko dla indeksu ASPT

i indeksu saprobowvggsi (wynosi 7 probek) oraz indeksu zriorodndci (wystarczajca liczba 9 probek).
Zauwaalne zmniejszenie liczby (do poziomu 14 prébek) peazliwe réwniez dla ilosci osobnikéw oraz % EPT

i indeksu IBI. Jednate niemdliwe jest zmniejszenie liczby probek w celu prawidégo okrélenia liczby
taksonow oraz warfci BMWP, gdzie ju w przypadku liczby powtérze na poziomie 20 prébek wynik
obarczony jest wysokim poziomem niepewcio

Stowa kluczowe:bentos, makrobezégowce, testy przesiewowe, niepeéfipomiarow



