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Abstract

In the past, no single standardised method for sampling and sorting benthic macroinverte-
brates has been implemented in Germany. Therefore, we tested the suitability of two com-
mon sorting protocols, RIVPACS and AQEM/STAR, by taking samples with each protocol
at 44 sampling sites. Our results reveal that different methods deliver slightly different as-
sessment results. Moreover these two methods differ in costs. Although the AQEM/STAR
protocol takes longer than the RIVPACS protocol, we favoured the AQEM/STAR protocol
because of its higher level of standardisation. In order to limit costs to an acceptable level, a
modification of the AQEM/STAR protocol (MAS method) is developed. This method is
highly standardised, gives stable assessment results and is relatively inexpensive (€ 224.00
for processing of an average sample). A detailed protocol of the newly developed method is
given.
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Introduction

The assessment of running watercourses in accordance
with the EU Water Framework Directive (EU-WFD) is
based much more strongly on biological criteria than in
previously implemented systems (e.g. LAWA 2001). Be-
sides fishes and aquatic flora, benthic macroinverte-
brates have become an integral component. Concerning
benthic macroinvertebrates, previous experience has
shown that data precision and quality often are closely
linked to the methodology applied and expertise of the
person sampling (e.g. CARTER & RESH 2001; HERING et

al. 2001; ROSENBERG & REsH 1993). There are manifold
methods for taking a sample from running waters (e.g.
area-based or time-based methods) (BARBOUR et al.
1999; Birk & HERING 2002; ENVIRONMENT AGENCY
1997; 1SO 7828; ROSENRERG & RESH 1993). The advan-
tages and drawbacks of various sampling methods have
been tested in a number of studies (CLARKE 2000;
CLARKE et al. 2002; Cao et al. 2003) and are relatively
well-known. The determination of the organisms col-
lected within a sample is highly dependent on specialist
knowledge: a taxonomic group for which a person is a
specialist may be more reliably determined in more tax-
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onomic detail than groups with which the analyst is not
as familiar.

All in all, different sampling and analysis methods
can lead to very different taxa lists at a single site. For bi-
ological stream assessment, heterogeneous taxa lists are
of little use, as they may not only reveal differences in
ecological quality, and are prone to variability in data ac-
quisition. To implement the EU-WFD, it is of utmost im-
portance to attain and use comparable and standardised
data sets, since the newly developed assessment tools
are designed and calibrated to detect differences in eco-
logical quality and cannot compensate for differences
brought forth by different methods. Thus, several Euro-
pean countries already have highly standardised sam-
pling and sample treatment procedures (Nordic coun-
tries: FRIBERG & JOHNSON 1995; UK: ENVIRONMENT
AGENCY 1997).

In order to obtain comparable macroinvertebrate data
for stream assessment it is necessary to ...

- standardise the sampling procedure,

— standardise the proceeding sample treatment (sub-
sampling, sorting),

— and standardise the sample analysis (determination of
taxa, data analyses, interpretation of results) (not sub-
ject matter of this article).

With such highly standardised procedures, data also
become verifiable. Thus a vital and to date very variable
aspect in stream assessment becomes more transparent,
reproducible and can be subjected to quality control
measures. Since stream rehabilitation measures will be
based on the assessment results, questions concerning
quality control will become increasingly important dur-
ing the implementation process of the EU-WFD.

From this vantage point we developed a standardised
method for sampling and treatment of macroinvertebrate
samples from streams, which meets the needs of water
managers in Germany. We did this based on a compara-
tive study where method precision was considered the
primary factor. Other aspects such as required time and
related costs were also taken into consideration.

In this study we compared the relatively new
AQEM/STAR protocol (STAR CONSORTIUM 2003), a
highly standardised, area based multi-habitat sampling
method and the RIVPACS protocol (WRIGHT et al. 1984;
ENVIRONMENT AGENCY 1997), a standardised, time-relat-
ed sampling approach, which is widely used in Great
Britain. The main questions to be addressed were how
these methods compared concerning the assessment re-
sults and whether the assessment methods are robust
enough to cope with different sampling methods.

Based on the comparison of the two established meth-
ods, we developed and tested a modified protocol of the
AQEM/STAR method. The robustness of this Modified
AQEM/STAR method (MAS method) is tested.
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Material and Methods

Protocols compared

Short summaries of the protocols compared in this study
are given in the following. For full protocols of these
methods, please see the citations given.

¢ RIVPACS (WRIGHT et al. 1984; STAR CONSORTIUM
2003)

The RIVPACS protocol was developed and widely used
in Great Britain. In the meantime it has also been adapted
for use in several other countries (Australia:
AusRivAS, SMITH et al. 1999; Canada: BAILEY et al.
1998, REYNOLDSON et al. 2001; New Zealand: Joy &
DeatH 2003). The protocol followed for this comparison
is given in STAR CONSORTIUM (2003). The protocol is
based on sampling in a stream reach. Each invertebrate
habitat at the site is sampled with an effort proportional
to its cover at the sampling site. The sample is taken in
three steps: 1° a manual search is done for collecting or-
ganisms on the water surface; 27 a three minute pond-net
sample is taken by means of kick-sampling and sweep-
ing; 3% animals on submerged rocks, logs or plants are
collected manually. For steps 1 and 3 a total time effort of
one minute sampling time should be spent. We thus have
a sample based on 4 minutes sampling time. The sorting
procedure is laboratory based and incorporates a sub-
sampling procedure. When sorting a sample, the operator
selects a fraction of the sample (1/2, 1/4, ...), which is
sorted completely without magnification into a “fraction
vial”. From the unsorted rest of the sample individuals of
taxa, which have not been picked in the sorted fraction,
are picked and put into a separate “extras vial”. All indi-
viduals found in either a “fraction vial” or the “extras
vial” are determined. The result is a taxa list giving the
number of individuals extrapolated to whole sample.

* AQEM/STAR (STAR CONSORTIUM 2003)

The AQEM/STAR method was developed in the course
of two successive EU-funded projects, the aim of both
being to develop and standardise macroinvertebrate as-
sessment systems (HERING et al. 2004b). Sampling is
based on distributing 20 sampling units in habitats pro-
portional to their cover at the sampling site. Habitat
cover is estimated in 5% steps and only those habitats
which cover more than 5% area at the sampling site are
sampled. Each sampling unit (25 x 25 cm) is sampled by
means of kick sampling and manual searching using a
hand net (25 x 25 cm frame; 500 gm mesh).

The AQEM/STAR sorting protocol is done complete-
ly in the laboratory and requires that a defined subsam-
ple is taken prior to sorting. The subsample corresponds
to 1/6 of the sample and at least 700 individuals sorted.
If 1/6 of the sample contains < 700 individuals, the sub-



sample is increased until =700 organisms are sorted. All
individuals of the subsample are picked and counted
without magnification and then determined. The result is
a taxa list giving the number of individuals extrapolated
to the whole sample.

* Modified AQEM/STAR protocol (MAS)

The AQEM/STAR protocol is highly standardised but
also extremely time consuming. Over 80% of the time
required to complete an AQEM/STAR protocol lies in
the follow-up sample treatment, especially in the sorting
and determination times (c.f. Table 1). Therefore we fo-
cused the modification of the AQEM/STAR protocol on
these time consuming activities, and drew up the follow-
ing hypothesis:

“The validity of the assessment system increases with
rising taxonomic level, at best the species level, because
this level bears the most detailed and differentiated in-
Jormation. Thus omitting those individuals which are
usually only determinable at the family or genus level at
best — this is often the case for juvenile stages — should
only have minor influence on the assessment result.”

Based on this hypothesis we modified the original
AQEM/STAR protocol in the following manner: after
subsampling, an AQEM/STAR sample was separated into
a coarse (>2 mm) and a fine (<2 mm) fraction by pouring
it through cascade of sieves. The underlying assumption is
that most of the juvenile individuals that are only deter-
minable at lower taxonomic levels are found in the fine
fraction, while most of the older, larger stages remain in
the coarse fraction. Thus most of the species information
should remain in the coarse fraction, and losing the fine
fraction should not greatly influence the assessment result.

Comparative data

* RIVPACS, AQEM/STAR

Parallel samples with the AQEM/STAR protocol and the
RIVPACS protocol were taken from 44 sampling sites
from three different stream types. The stream types stud-
ied were type 5 (“Small siliceous cobble-bottom
streams”) and type 5.1 (“Small siliceous sandstone
streams”) in lower mountainous areas of Central Europe
and type 15 (“Mid-sized to large sand-bottom streams™)
in the Central Lowlands (stream type numbers according
to POTTGIESSER & SOMMERBAUSER 2004). At these 44
sampling sites, samples were taken with both protocols,
giving us a total data set of 88 samples. These data were
collected within the EU funded project STAR!. For each

! Standardisation of River Classifications: Framework method for cali-
brating different biological survey results against ecological quality
classifications to be developed for the Water Framework Directive.
Contract No: EVK1-CT 2001-00089.
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stream type, the same person collected the samples from
both protocols.

* MAS, AQEM/STAR

To test the above stated hypothesis and the robustness of
assessment results of our MAS approach, we separated
70 AQEM/STAR protocol subsamples into the coarse
and fine fraction before sorting and determination.

The 70 samples for the comparison covered six differ-
ent stream types from both lowland (two types) and
highland (four types) regions in Germany. The size spec-
trum covered both small streams and mid-sized rivers
for both lowland and highland regions. These samples
were collected within a LAWA funded project?.

For all data sets a multimetric index to evaluate eco-
logical stream quality (MMI, BOHMER et al. 2004) was
calculated using the stream type relevant core metrics
(HERING et al. 2004a). The taxa lists resulting from all
protocols were also compared regarding number of taxa
and number of individuals determined.

Differences between core metrics and MMI values for
two protocols were tested for significance using Wilcox-
on-Test. In order to determine whether there are any sig-
nificant differences between more than two protocols
the Friedman ANOVA by ranks was used. Both tests
compare variables that were measured in dependent
samples. In the case of getting a significant result from
the Friedmann ANOVA the Wilcoxon-Test was calculat-
ed in order to show which of the protocols differ from
each other. To do this, the significance level had to be
adjusted according to ENGEL (1997). The Spearman R
was calculated in order to find out whether two variables
were correlated. All statistical analyses were done with
the STATISTICA 6.1 software package (STATSOFT
2002).

Time sheets were kept for the sampling and laborato-
ry treatment. Time was recorded separately for subsam-
pling, sorting and determination of the actually picked
individuals. Based on these time sheets, the personnel
costs for each sorting method were calculated, taking
into consideration that different tasks should be per-
formed by differently qualified persons. Three cate-
gories of personnel were differentiated: student assis-
tants for simple tasks (€ 15/hour); technical staff for
tasks requiring training (€ 30/hour); scientists for tasks
requiring specialist skills (€ 50/hour).

To compare time effort between the RIVPACS and
AQEM/STAR protocols, we had to use a smaller data set
(N = 16), because the sampling, subsampling, sorting
and determination times were only recorded for 16 sam-
ples. To compare the MAS protocol to AQEM/STAR,
time effort was recorded for all 70 samples.

2 | anderarbeitsgemeinschaft Wasser (LAWA) Contract Nr. 0 4.02.
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Results

RIVPACS, AQEM/STAR

* Assessment results

The sampling done in the STAR project aimed at cover-
ing sites from all stages of stream degradation, ranging
from high to bad ecological quality. Thus, both protocols
show a wide range of assessment results. In small
siliceous cobble-bottom streams, small siliceous sand-
stone streams and in mid-sized to large sand-bottom
streams these ranged from high to poor, high to bad and
from good to bad respectively (Fig. 2).

The mean difference in MMI values, which can range
from O to 1, between the two methods at all 44 sampling
sites is 0.01 = 0.08. Deviation between methods ranges
from 0.2 to +0.16. In 19 of 44 cases (43%), the differ-
ences in MMI results between the AQEM/STAR proto-
col and the RIVPACS protocol lead to different classifi-
cations of streams by one ecological quality class
(Fig. 2). There is no discernible tendency (Wilcoxon p =
0.48) in either method to favour lower or higher MMI
values compared to the other method. The correlation
between MMI values for the two protocols is high (R =
0.92,p <0.01) (Fig. 1).

The differences in single core metrics for each stream
type are shown in Fig. 3.

* Time and effort for each protocol
On average an AQEM/STAR protocol subsample con-
sisted of a quarter of the whole sample (Table 1). An
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Fig. 1. Correlation results between the MMI values obtained from
the AQEM/STAR protocol and RIVPACS protocol.
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AQEM/STAR protocol subsample requires an average
of 12.6 hours to complete. It returns an average of 912
individuals and recovers a mean of 52 taxa. Projected on
the whole sample this leads to an average of 3968 indi-
viduals collected in the field (Table 2). An average RIV-
PACS protocol sample is completed in approximately
half the time (6.5 hours), while recovering 45 taxa from
512 sorted individuals. Projected on the whole sample
this gives an average of 2843 individuals per RIVPACS
protocol sample (Table 2).

The RIVPACS protocol is thus much faster than the
AQEMY/STAR protocol. It recovers 72% of the individu-
als and 88% of the taxa found using the AQEM/STAR
protocol.

MAS, AQEM/STAR

¢ Assessment results

The mean difference in MMI values between the
AQEM/STAR protocol and MAS is -0.01 + 0.04 (Fig.
4). The correlation between MMI values for the two pro-
tocols is very high (R = 0.97, p < 0.01) (Fig. 5). Com-
pared with the result from the AQEM/STAR protocol,
MAS achieves the same ecological quality class in 61 of
70 cases (87%). The mean difference in MMI values for
the AQEM/STAR fine fraction to the AQEM/STAR pro-
tocol is 0.08 + 0.07 (Fig. 4). Here the correlation be-
tween MMI values for the two protocols is somewhat
lower (R = 090, p < 001) (Fig. 5). For the
AQEM/STAR fine fraction the same ecological quality
class is obtained in 51 of 70 cases (73%). The calcula-
tion of the Friedman ANOVA by ranks determined sig-
nificant differences between the three protocols (Fried-
man ANOVA p < 0.01). All protocols differ significantly
from each other (Wilcoxon-Test: all comparisons p <
0.01). The results remain significant after correcting the

Table 1. Average time required to complete a sample following the
AQEMV/STAR protocol or RIVPACS protocol.

AQEM/STAR RIVPACS
protocol [h]* protocol [h]
Sampling (in the field):
sampling 0.75(N=123) 05(N=16)
Sample treatment (in the lab);
subsampling 0.5(N=123) -**
sorting 57(N=123) 3.4(N=16)**
taxa determination 4.9 (N=70) 2.1{(N=16
data entry 0.75(N=70) 05(N=16
Total time 12.6 6.5

*Additional data used; ** Subsampling occurs while sorting, thus the
time can only be given for the combined step.
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level of significance according to ENGEL
(1997).

* Time and effort for each protocol

Sorting and determination effort and resulting
number of taxa and individuals for
AQEM/STAR, the AQEM/STAR fine and
MAS are summarised in Table 3. The data in
Table 3 show that ...

— Sorting and determining either the fine or
the coarse fraction reduces the time re-
quired to sort the AQEM/STAR protocol by
a half.

— The time required to sort and determine the
MAS is somewhat lower than that required
for the fine fraction. This corresponds to the
slightly lower number of individuals in the
coarse fraction.

— On average the MAS recovers 81% of the
taxa from the AQEM/STAR protocol, the
AQEM/STAR fine fraction recovers 77%.

Table 4 gives an overview of the total time
effort required to sample, treat and analyse a
subsample following the AQEM/STAR proto-
col, using only the AQEM/STAR fine fraction
or the AQEM/STAR coarse fraction.

Table 5 gives a financial and time effort
comparison of the RIVPACS, AQEM/STAR
and MAS protocols. Further costs, like travel

Fig. 3. Mean deviation of the core metric results from
the RIVPACS protocol to the AQEM/STAR results. The re-
sults are shown separately for each stream type. The
stream types shown are top: type 5 ("small siliceous
cobble-bottom streams”) (top) and type 5.1 ("small
siliceous sandstone streams”) (middle) in lower moun-
tainous areas of Central Europe and type 15 (“mid-sized
to large sand-bottom streams”) in the Central Lowlands
(bottom).

Description of “Core Metrics”: Epirhithral [%] ind = %
individuals with preference Epirhithral (upper trout re-
gion); EPT [%] (abd) = % individuals Ephemeroptera,
Plecoptera, Trichoptera based on abundance classes; Ple-
coptera [%] = % Plecoptera individuals; rheophil [%]
{abd) = % rheophile individuals based on abundance
class; GF! type 5 = German Fauna Index type 5; GFl type
15 = German Fauna Index type 15; # Trichoptera = num-
ber of Trichoptera taxa; Shredders [%] (ind) = % shred-
ders (individuals); Rheoindex (abd) = Rheoindex accord-
ing to Banning (individuals) (BANNING 1998); stone
(AHT1) % = stone dwelling taxa "AHT1" [%]; Diversity
(SWI = Diversity (Shannon-Wiener-Index); xenosap.
Taxa [%] (ind) = proportion of xenosaprobic taxa [%]
(individuals).
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Table 2. Average number of individuals and taxa from AQEM/STAR and RIVPACS samples.

N=44 AQEM/STAR-protocol AQEM/STAR-protocol RIVPACS-protocol RIVPACS-protocol

for each protocol (individuals picked {projected on (individuals picked (projected on
from subsample) whole sample*). while sorting) whole sample**)

Number of individuals 912 3968 512 2843

Number of taxa 51 - 45 -

* whole AQEM/STAR protocol sample covers 1.25 m? area; ** whole RIVPACS protocol sample refers to 3 minutes kick sampling plus 1 minute
free collecting time.
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Table 3. Sorting effort and results for three compared fractions AQEM/STAR, AQEM/STAR fine fraction and AQEM/STAR coarse fraction.

AQEM/STAR AQEM/STAR AQEM/STAR
fine fraction coarse fraction (fine & coarse
(=2 mm only) (>2 mm) fractions)**
Sorting [h] (N=123) 3.1 26 5.7
Taxa determination [h] (N = 70) 2.4 2.5 49
Number of individuals (N = 70)* 597 469 1066
Number of taxa (V= 70) 40 42 52
Relative number of taxa [%] (N = 70) 77 81 100

* Actually picked from the subsample fraction (not projected on whole sample); ** Results calculated from the values from the AQEM/STAR fine

fraction and the AQEM/STAR coarse fraction.

Table 4. Average time required to complete a sample following three protocols AQEM/STAR, AQEM/STAR fine fraction and the AQEM/STAR

coarse fraction.
AQEM/STAR AQEM/STAR AQEM/STAR
fine fraction coarse fraction (fine & coarse
{2 mm only) {>2 mm) fractions)**
Sampling (in the field)
sampling [h] (N =123) 0.75* 0.75* 0.75*
Sample treatment (in the lab)
subsampling [h] (V= 123) 0.5% 0.5% 0.5%
sorting [h] (W= 123) 3.1 2.6 5.7
taxa determination [h] (N = 70) 2.4 2.5 49
data entry [h] (N = 70) 0.5 0.5 0.75
Total time [h] 1.25 6.85 12.6

*Values for sampling and subsampling are identical, because they occur before separation into coarse and fine fractions; ** Results of an
AQEM/STAR protocol subsample, calculated from the values from the AQEM/STAR fine fraction and the AQEM/STAR coarse fraction.

to sampling site, sampling materials, taxes, are the same
for all protocols and were thus omitted from the table as
they are irrelevant for a direct comparison of the proto-
cols. The cost for a sample following the AQEM/STAR
protocol comes to € 398.00. A RIVPACS protocol
comes to € 247.00, a sample with the MAS protocol is
slightly less expensive and costs € 224.00.

Discussion

In terms of individuals sorted and determined the
AQEM/STAR protocol delivers almost double the num-
ber obtained using the RIVPACS sample. In terms of
taxa number these differences are smaller, although
AQEMY/STAR delivers more taxa than RIVPACS. Com-
paring the assessment results obtained with the two
methods shows that the two protocols do not differ sig-
nificantly and show slight differences in mean deviation.

Limnologica (2004) 34, 349-365

On the other hand, the standard deviation is 0.08 and the
spread of deviation is relatively high (0.36). The same is
true for single metrics (cf. Fig. 3). Based on this, the dif-
ferences in classifications shown in our data (43% dif-
ferent classifications) probably are overestimated, and
fewer differences would be observed for a larger data
set. Nonetheless, our data support the notion, that al-
though differences may be small, different sampling
schemes can lead to different assessments (c.f. CARTER
& REsH 2001).

The AQEM/STAR method required much more time
and money than the RIVPACS protocol, while concern-
ing assessment results, both methods seem applicable
for implementation processes in regard to the EU-WEFD.
The AQEM/STAR protocol seems too expensive and
time consuming to be readily applicable in water man-
agement practice.

For reasons we will discuss below, we think that the
high level of standardisation of the AQEM/STAR



method validates a modification aimed at keeping this
level of standardisation, while cutting costs dramatical-
ly. The modification we tested, which we name MAS,
divides the subsample used in the AQEM/STAR proto-
col into a coarse and a fine fraction and limits further
treatment to the coarse fraction. With this we nearly
halve the time required to finish a sample (Table 3). Fur-
thermore, MAS recovers an average of 81% of the taxa
from the complete subsample. Concerning assessment
results, MAS differs only slightly from AQEM/STAR in
(1) scoring of ecological quality classes, (2) mean differ-
ence of MMI scores (mean deviation = —0.01) and (3)
spreading of MMI scores, which is also limited (stan-
dard deviation + 0.04). This slight difference is signifi-
cant. This means that MAS minimally, but systematical-
ly underestimated MMI wvalues in comparison to
AQEM/STAR. This slight systematic error can easily be
accounted for by minor adjustments of class boundaries.

These results are supported by a more detailed analy-
sis of omitting the fine fraction (HAASE et al. 2004). This
implies that the individuals and taxa, which are lost by
omitting the fine fraction are of subordinate importance
for the assessment.

We have shown that RIVPACS and AQEM/STAR ap-
plied by the same operator led to comparable assessment
results at stream sites. While AQEM/STAR is much
more time consuming and costly, our suggested modifi-
cation of this protocol (MAS) delivers the same robust
assessment results. These results support our hypothesis,
that omitting the fine fraction has little detrimental effect
on the assessment result. We thus suggest that the MAS
presents a practical and stable alternative to the
AQEMY/STAR protocol. We now discuss advantages and
disadvantages of the two protocols, MAS and RIV-
PACS.

The RIVPACS and the MAS methods are comparable
in time effort, costs and also deliver comparable results
concerning number of individuals and taxa. There are,
however, important differences in sampling and sorting
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procedures between the two systems, which we discuss
separately below.

Sampling

A major requirement of a sampling method is its repro-
ducibility. Accurate results should be obtained in both
quantitative and qualitative aspects. For qualitative as-
pects, the relative consideration of different microhabi-
tats according to their presence at a sampling site is im-
portant. A stable sample volume is important from a
quantitative point of view.
The MAS method fulfils both of these requirements:

— The multi-habitat sampling approach with 20 sam-
pling units standardises the sampling of different mi-
crohabitats at each sampling site (qualitative aspects).

— Each sampling unit is a defined area (25 x 25 cm),
which standardises the sample volume (quantitative
aspects).

The comparability of results from multi-habitat
macroinvertebrate samples is highly dependent on the
method used to define the cover of habitats and how,
when and whether or not they should be sampled. This
decision is prone to operator bias in almost any ap-
proach, and is difficult to standardise (CARTER & RESH
2001). Both the RIVPACS and the MAS protocol are
subject to these difficulties. The RIVPACS sampling
method does not define where exactly (at which habi-
tats) the samples should be taken, which is also true for
other methods (e.g. BRAUKMANN 2000). In the MAS pro-
tocol we consider the 5% classes and the proportional
distribution of sampling units at a site to be a practical
and clearly outlined approach to habitat estimation. This
approach is transparent and leads to comparable sam-
pling unit distribution within and among sites.

Time-limited sampling, as in RIVPACS, Quality Rat-
ing System (MCGARRIGLE et al. 1992) or PERLA
(KokEes 2001) may be more prone to volume biases, than
an area-based approach depending on substrate (c.f.
STAR CONSORTIUM 2003).

Table 5. Average time and costs for RIVPACS, MAS and AQEM/STAR protocols.

RIVPACS MAS AQEM/STAR

Time[h]  Person*  Costs [€] Time[h]  Person*  Costs [€] Time{h]  Person*  Costs [€]
Sampling 0.5 Sci 25 0.75 Sci 37.50 0.75 Sci 37.50
Subsampling - - - 0.5 Stu 7.50 0.5 Stu 7.50
Sorting 34 Tech 102 2.6 Stu 39 5.7 Stu 85.50
Determination 2.1 Sci 105 2.5 Sci 125 49 Sci 245
Data entry 0.5 Tech 15 0.5 Tech 15 0.75 Tech 225
Total time 6.5 247 6.85 224 12.6 398

*Stu (Student assistant) = 15 €/h; Tech (technical staff) = 30 €/h; Sci (Scientist) = 50 €/h.
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Sorting

Looking at the sorting protocols of both methods we can
clearly recognise the following differences:

— When following the RIVPACS protocol, the person
sorting must decide which fraction of the sample
should be sorted (1/4, 1/2 ...). This brings a fair
amount of variability into the procedure. After sorting
the chosen subsample fraction, the worker must scan
the rest of the material in the sorting tray and identify
taxa that have not yet been picked. Thus the person
sorting must have sufficient taxonomic knowledge
and experience to be able to identify and sort taxa that
have not yet been found in the fraction sampled. For
this type of sorting, skilled technical staff are required
(CLARKE 2000). The MAS sorting on the other hand
can also be done by student assistance or other less-
skilled workers (Table 5) and can nevertheless be sub-
ject to quality control.

— It is thus also necessary to train the “RIVPACS”-per-
sonnel more proficiently, which in turn bears higher
CcOosts.

— Within the RIVPACS sorting method, differences in
taxonomic expertise of the person sorting can lead to
different sorting results (CLARKE 2000).

Conclusions

We have shown that there are only minimal differences
in assessment results between AQEM/STAR, MAS and
RIVPACS. However, the AQEM/STAR approach is
both very costly and time consuming. RIVPACS is a lit-
tle less time-consuming than MAS, on the other hand,
the MAS protocol costs slightly less. Based on the points
of protocol variability we discussed here, we feel that
MAS may be less affected by operator bias than RIV-
PACS sampling and sorting. In our opinion, the MAS
method offers a highly standardised and practical sam-
pling and sorting protocol for macroinvertebrate investi-
gations in running water as required by the EU-WFD. A
detailed description of all aspects of the method (sam-
pling, subsampling, sorting etc.) is given in the follow-
ing section of this paper.

The Modified AQEM/STAR (MAS) sampling
and sorting protocol

The MAS method is based on sampling microhabitats
according to their representation at the sampling site
(multi-habitat-sampling). First, all microhabitats are
recorded in 5% intervals. Every 5%-microhabitat is
sampled as a “sampling unit” over an area of 25 x 25 cm.
A complete sample comprises 20 “sampling units”
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(1.25 m? total sample area), which are pooled for further
treatment and analysis. Each “sampling unit” is basical-
ly sampled using a kick sampling method (BARBOUR et
al. 1999).

Using a careful washing method, the total sample is
separated into an organic and a mineral fraction. The
mineral substrate is discarded in the field. From the or-
ganic fraction a subsample is taken in the lab, which is
then divided into a coarse fraction (>2 mm) and a fine
fraction (<2 mm). The coarse fraction consists of at least
1/6 of the whole sample and 350+ individuals. It is sort-
ed by removing all organisms. The organisms are sepa-
rated according to their order. In Germany, samples are
then determined according to the “Operational Taxalist
for Running Water in Germany” (HAASE & SUNDER-
MANN 2004),

The MAS sampling method is applicable in both wad-
able and non-wadable streams and rivers. Necessary
minor adjustments of the method in non-wadable situa-
tions are described at the end of the protocol in section
C3.

A. Selecting the sampling period

In Germany, the sampling season depends on catchment
size of the water body, based on a general agreement
within water authorities on the best-suited sampling sea-
son. Thereby most suitable sampling time for larger
streams and rivers (catchment area >100 km?) is early
summer (June, or if need be July), for smaller water
courses (catchment area <100 km?) March or April. In
exceptions samples from small streams can already be
taken in mid-February. In any case a sample should
never be taken during or directly after a flood or a no-
flow dry period. Ideally a sample should be taken during
a time when stream flow is somewhat lower than the an-
nual mean.

B. Selecting a sampling site

The sampling site should be representative of a longer
reach of the watercourse. The reach should be more or
less homogeneous over a stretch of several hundred me-
tres. If riffles and pools alternate in this reach, both
should be represented in the sample. The length of the
sampling site should extend between 20 and 50 m for
small streams (< 100 km? catchment area) and 50—-100 m
for mid-sized and large rivers (100-10,000 km? catch-
ment area)

C. Taking a sample

e C.1. Necessary equipment
To take a sample one requires a hand net with a long
pole. The net should be attached to a square metal frame



(25 x 25 cm). The 70 cm deep bag or cone shaped net is
made of a standard 500 pm mesh size screen. For the
further sampling steps and sample treatment more acces-
sories are required. Thus, in the field you will need the
following: hand net; site protocol (Fig. 6); two or three
10-litre pails; two large sorting trays (white, approx.
30 x 50 cmy); several sample containers (approx. 1to 2 1;
preferably with wide opening); a small sieve (500 ym); a
funnel for filling the sample containers; two or three
small sorting containers for pre-sorted individuals; pre-
printed labels for all sample containers; tweezers; a soft
brush for scrubbing organisms from rocks or coarse
woody debris; long gloves; about 2 1 Ethanol (96%) per
sample; cooler with ice packs; hand disinfectant (if nec-
essary); life jacket (if necessary); safety line (if neces-

sary).

* C.2. Estimating microhabitat composition and
distributing sampling units
The first step in taking a sample requires an estimation
of microhabitat distribution. Microhabitat composition
and distribution are estimated from the bank wherever
possible in order not to disturb the substrates. Based on
the microhabitat list given in the site protocol the cover-
age of all microhabitats with at least 5% cover is record-
ed to the nearest 5% interval in the column “Coverage
(5% intervals)” in the site protocol. In the site protocol
example (Fig. 6), these are 55% mesolithal, 25% psam-
mal, 15% CPOM, 5% akal. The sum of microhabitat
coverage must add up to 100%.

If mineral substrates are covered by organic sub-
strates (e.g. CPOM or macrophytes), the organic cover is
recorded. If a microhabitat is present but covers less than
5% area of the sampling site, it is marked on the site pro-
tocol with an “X” in the column “Coverage (5% inter-
vals)”. The column “Comments” in the site protocol
should be used to note particularities of a sampling unit,
like a very high amount of organic material in sandy
substrates or a high amount of sand in mesolithal areas.
If the substrate is very heterogeneous (e.g. a mix of
mesolithal, akal and psammal) then the dominant sub-
strate should be recorded.

Based on the estimation of coverage (site protocol)
the number of sampling units to be taken from each mi-
crohabitat is determined. For every 5% cover of a micro-
habitat one sampling unit is taken, thus a total of 20 sam-
pling units are collected. If, for example, the substrate
estimation was 55% mesolithal, 25% psammal, 15%
CPOM, and 5% akal (compare Figs. 6 and 7), the sam-
pling units would be distributed as follows: 11x
mesolithal, 5x psammal, 3x CPOM, and 1x akal. The
number of sampling units is recorded in the column
“number of sampling units” on the site protocol.
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When distributing sampling units dependent on sub-
strate and microhabitat composition in the stream the
following guidelines should be considered:

— Sampling units placed in substrates with a high degree
of coverage should include areas along shore and in
the stream channel, more or less in the form of a tran-
sect.

— Two or three sampling units should be taken directly
along the stream margin.

— If a common substrate occurs in both riffles and pools,
the sampling units of this substrate should be dis-
tributed according to the relative abundance of the
substrate in each of these sections.

— Habitats or substrates with less than 5% cover are not
considered during the sampling.

— If substrates cannot be recorded from the bank, one
may enter the stream at single entry points. The sam-
ple units should then however be taken away from
these “disturbed” areas.

When sampling macrophytes within a watercourse,
the following should be considered:

— Generally macrophyte samples should be taken from
the anchoring region of the plants in larger stands of
macrophytes (e.g. Callitriche sp., Elodea sp., Myrio-
phyllum sp. or Potamogeton sp.).

— If macrophytes grow in single thin but long floating
stands (e.g. Callitriche sp. or Ranunculus sp.), where
the anchoring region is relatively small (< 20%) com-
pared with the total projected coverage of the stand,
the samples may also be taken outside the anchoring
region.

— If only a single sampling unit is taken from macro-
phytes, it is important that this sample represents the
dominant growth form of macrophytes within the
sampling reach.

— If several sampling units are taken from macrophytes,
they should be distributed with the aim of covering
the diversity of species and growth forms present at
the site.

» C.3. Modifications of recording substrate cover-
age for non-wadable streams and rivers

Water courses are considered non-wadable, when most

stretches cannot be passed. In these cases the substrate

recording is done only in the wadable areas, usually

close to shore, where sampling will be undertaken sub-

sequently.

If only some small regions of a stream or river are
wadable (e.g. riffle sections) the number of sampling
units in the middle of the stream is limited to retain the
comparability of data with non-wadable streams. Thus a
maximum of 5 sampling units should be taken from
these wadable sections, the other 15 sampling units
should be taken close to shore.
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Sampling site Person sampling

Windach at Hirschberg Sundermann

Hygropetric zones
water layer on mineral substrates

Megalithal (> 40 cm)
upper sides of large boulders and blocks; bedrock

Macrolithal (> 20 cm - 40 cm)
coarse blocks, head-sized cobbles, with variable %-age of smaller fractions

Mesolithal (> 6 cm - 20 cm)

fist to hand-sized rocks, with variable %-age of smaller fractions 55 1
Microlithal (> 2 cm - 6 cm)
coarse gravel — egg-sized rocks with variable %-age of smaller fractions
Akal (> 0.2 cm - 2 cm) 1
fine and mid-sized gravel 5
Psammal / Psammopelal (> 6 pm - 2 mm)

Y " 25 5

sand and/or (mineral) mud

Argyllal (<6 pm)
silt, loam, clay (inorganic)

Technolithal 1 (artificial substratc)
fixation structures of rocks or rock piles

Technolithal 2 (artificial substrate)
fixation structures without seams or interstices (plaster or concrete)

Algae
filamentous algae, algal tufis

Submerged macrophytes
macrophytes, incl. moss and Characeae

Emergent macrophytes
c.g. Typha Carex, Phragmites

Living parts of terrestrial plants X

fine roots, floating riparian vegetation

Xylal (wood) 15 3
tree trunks, dead wood, branches, roots

CPOM

deposits of coarse organic matter (e.g. fallen leaves)

Sewage bacteria, -fungi and sapropel
waste water induced ., Aufwuchs™ (e.g. Sphaerotilus) and/or organic mud

Debris
organic and inorganic material deposited in the splash zone area (e.g. mollusc

shells deposited by wave motion)
: st T

Fig. 6. Example of a filled-in site protocol for the MAS protocol. The microhabitat distribution corresponds to that shown in Fig. 7.
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D Lithal (55% = 11 sampling units)
- Xylal (< 5% = 0 sampling units)

[:l Psammal (25% = 5 sampling units)

l:l CPOM (15% = 3 sampling units)

l:] Akal (5% = 1 sampling unit)
D sampling unit

Fig. 7. Example of substrate composition and corresponding distribution of sampling units in a stream. The substrate “xylal” is not considered
in the sampling units distribution and thus not sampled (from HErING et al. 2003, altered).

* C.4. Sampling procedure

Sampling always takes place against the direction of
flow starting with the sampling unit furthest down-
stream. Each sampling unit is sampled over an area of 25
x 25 cm (frame size of hand net). The hand net is held
vertically to the substrate, which is disturbed with the
foot in front (upstream) of the hand net. With this method
fine and medium sized substrates are disturbed to a depth
of 2to 5 cm. In order to catch dislodged or drifting organ-
isms, the disturbed area should be close to the hand net
frame. In shallow water, larger stones are brushed by
hand or with a brush. After taking three to five sampling
units, the hand net is emptied into a 10-litre pail filled
with 2 to 3 1 of water. The sample volume should not ex-
ceed more than half a pail. If need be, the sample is dis-
tributed into several pails. If a large stone rolls into the
hand net while sampling any organisms clinging to it
should washed from the stone into the net. The stone may
then be removed before the next sampling unit is taken.

Sampling macrophytes:

Generally there are two situations that a worker will en-

counter when sampling macrophytes. These are either...

— long floating stands (e.g. Callitriche sp., Elodea sp.,
Mpyriophyllum sp. or Potamogeton sp.) or

— macrophytes in deeper, lentic reaches (e.g. Spargani-
um emersum, Sagittaria sagittifolia or Nuphar lutea).

Sampling floating stands:
When samples are taken in the anchoring region of
macrophyte stands, the underlying substrate also be-

comes subject to the macrophyte sampling. The sam-
pling is done in the way described above. The hand net is
placed vertically below the macrophyte stand and the
substrate and macrophytes are disturbed by hand or by
foot in an area of 25 x 25 c¢m. If the sample is taken out-
side the anchoring region of macrophytes (e.g. in very
long, thin stands of floating vegetation as described
above), both the floating macrophytes and the underly-
ing substrate are sampled within the sampling unit.

Sampling macrophytes in deeper water:;

In deeper, or lentic, reaches, macrophytes can stand ver-
tically extending in depth to over 1m. For each sampling
unit an area of 25 x 25 cm is projected onto the substrate
surface. Starting from the water surface the hand net is
slipped over the macrophyte stand toward the stream
bottom. While doing this one should attempt to keep the
hand net against the direction of flow, so organisms dis-
lodged from the plants will drift into the net. Once the
stream bottom is reached, the macrophytes are com-
pletely dislodged from the substrate and put into the
hand net. The substrate in the anchoring region is also
part of this sampling unit and is sampled in the same
way as other benthic substrates. Large volumes of
macrophytes are taken from the hand net and placed in a
pail with water.

Particularities while sampling:

If the current is too slow to ensure dislodged organisms
drift into the hand net, the upper 2 to 5 cm of the sub-
strate are collected completely into the hand net.
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In streams with high levels of unstable substrate, ¢.g.
alpine streams or highly mobile sandy streams, the num-
ber of sampling units is allotted in microhabitat parity as
described above. The exact location of each sampling
unit for each substrate type should then however be posi-
tioned in more stable regions of this particular substrate
type. In some cases the regions with little substrate sta-
bility host so few organisms, that taking a larger number
of sampling units from these areas, would lead to ex-
tremely low numbers of individuals.

+ C.5. Sample treatment in the field

After the 20™ sampling unit is taken, the entire sample
material is unified in a container, e.g. 10-litre pail, unless
so much material was taken, that the material is divided
among several pails. If this is the case, each pail, with
the exception of pails filled only with macrophytes, must
be treated in the way described in the following.

First, large stones or pieces of wood are removed and
searched for organisms. These are picked off using
tweezers and placed back into the hand net. The substrate
can then be discarded. After this, most samples still con-
tain a large amount of mineral substrates. Using a simple
washing method, these can be removed to simplify the
proceeding sorting process. This wash is done as follows:

Fill the pail containing the substrate about %, with
water. The water and material are slowly set into rotation
by hand. The resuspended material (usually primarily
organic material) is then poured back into the hand net,
while the mineral substrate remains in the pail. While
the material is poured back into the net, the end of the
net should be lying in the stream. The pail is then refilled
with water and the wash repeated until only mineral sub-
strate remains in the pail. This substrate is then put into a
sorting tray and searched for remaining organisms (e.g.
case bearing Trichoptera, molluscs, clinging leeches or
Turbellaria). These organisms are then put into the hand
net with the remaining organic sample. The mineral sub-
strate is now free of organisms and is discarded in the
field. If the total sample was originally divided among
several pails, this washing step is repeated for each pail.
The organic sample material is pooled in the hand net.

If macrophytes were separated in a separate pail,
these are rinsed in the pail with water and then searched
for clinging or sessile organisms. Pupal stages, e.g. of
Simuliidae, do not need to be removed since they are of
no importance for further sample treatment. Once the
plants have been searched and organisms removed they
can be discarded. Organisms washed or picked from the
plants are placed into the hand net with the rest of the
sample, which is now complete.

Picking “pre-sorted” organisms:

The sample material is removed from the hand net and
placed in a sorting tray. Organisms clinging to the net are
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removed and placed in the sorting tray. Slightly cover
the sample material with water. The material is searched
and single organisms (pre-sorted organisms) removed
from the sample according to the following guidelines:

— taxa which are protected and must not be killed (e.g.
Astacus astacus, Margaritifera margaritifera, Unio
crassus in Germany),

— taxa which can no longer be determined when fixed in
Ethanol (e.g. Turbellaria),

— sensitive taxa which are no longer readily deter-
minable after being exposed to mechanical force (e.g.
Ephemeroptera),

— taxa, which after a preliminary sighting only occur
once or twice in the sample.

The taxa from the first group are determined in the
field according to the requirements (in Germany accord-
ing to HAASE & SUNDERMANN 2004) and then released in
the field. The taxa and number of individuals are marked
in the field “Comments” on the site protocol.

One or two individuals from each separated taxon
from group 2 are determined in the field according to re-
quirements (in Germany according to HAASE & SUNDER-
MANN 2004) and these are then placed in a vial filled
with 70% Ethanol, which is specially marked with “pre-
sorted individuals”. The total abundance of these taxa is
then estimated and marked in the field “Comments” on
the site protocol.

Taxa from groups three and four are picked and
placed into the “pre-sorted” vial. However, the number
of animals pre-sorted from groups 2 to 4 must not ex-
ceed 30 individuals. The maximum number of 30 indi-
viduals seems low, but in practice this number has
proved fully sufficient. Picking the pre-sorted organisms
should not take longer than ten minutes.

Be careful to search and clean the hand net well be-
fore proceeding to avoid losing organisms from the sam-
ple and more importantly to avoid contamination of any
proceeding samples or other water bodies.

» C.6. Conserving and storing the samples
The water from the sorting tray is drained over a small
sieve (500 ym). The sample material is then transferred
from the sorting tray into a sample container using a fun-
nel. The container and funnel should have relatively wide
openings to facilitate the transfer. Remaining material can
be washed from the sorting tray into the sample container
using 96% Ethanol. The sample volume should not ex-
ceed ¥, of the container volume. The whole sample is pre-
served in the container with 96% Ethanol. Fill the sample
container at least half full with 96% Ethanol, preferably
so Ethanol covers the whole sample. Usually a sample
will easily fit into one or two 1-litre sample containers.
Sample labelling should contain at least the following
information: Name of the stream and sampling site, date,



name of the person who took the sample and sample
code (optional).

To ensure that preserved samples do not begin to rot,
the samples should be stored cool, e.g. in a cooler in the
field or the fridge in the lab. 12 to 24 hours after initial
preservation, the liquid in the sample container should
be drained carefully over a 500 m mesh or sieve and re-
placed with 96% Ethanol. Any organisms on the sieve
are returned to the sample. The sample is stored in a cool
place again. After another 24 to 48 hours, the Ethanol is
drained and replaced with 70% Ethanol. After this the
sample can be stored for longer periods of time at room
temperature before further treatment. It is always impor-
tant that Ethanol reaches all parts of the sample. It is
therefore advisable to carefully shake and upend the
closed sample container directly after each filling with
Ethanol.

D. Laboratory Treatment: Subsampling and sorting

To further reduce the sample volume, a defined subsam-
ple is taken.

* D.1. Technical requirements
To take the defined subsample, a subsampling grid/sort-
ing tray combination is required. The outer tray is a
“normal” sorting tray, while the inner grid is a modified
subsampling sieve with an inner area of 30 x 36 cm and
a grid mesh bottom (500 xm). The mesh is divided into
30 equal units (6 x 6 cm each) (Fig. 8). The lines extend
up the sides of the grid, where along the upper edge the
grids are numbered 1 through 5 and 1 through 6 respec-
tively. Thus each unit is given a unique coordinate code.
This apparatus allows taking a defined subsample.
Besides the subsampling grid/sorting tray combina-
tion you will need the following material in the lab: a
“cookie cutter” (6 x 6 cm) and the fitting shovel to re-
move a subsample unit; about 15 sorting vials (approx.
25 ml); two or three small sorting trays (about 12 x
20 cm); tweezers; ethanol (70%); a hand counter; a pair
of dice; printed labels; a sorting sieve with a 2 mm grid
and a fitting collector with closable outlet.

* D.2. Taking a subsample
If a sample was divided into several sample containers,
the total sample is first poured over the subsampling grid
and rinsed under running water (Fig. 8). If larger pieces
of material (leaves, small twigs) are still in the sample,
they are washed under running water over the grid to re-
move any organisms. Once leaves or twigs are clean
they are discarded. This whole rinsing procedure should
only take a few minutes.

After rinsing, the subsampling grid with the sample is
placed inside the outer sorting tray, which is filled with
water. The sample material is carefully and evenly dis-
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tributed across the grid. It is important that the corners
are also filled evenly with material. Once the material is
distributed, the sieve is removed from the outer sorting
tray, so the water can run off. With the help of the dice, 5
of the 30 units (1/6™ of the whole sample) from which
the subsample is to be taken are randomly selected. Tf for
example a “2” and a “4” are tossed with the dice, the first
unit taken has the coordinates 2 (from the short side) and
4 (from the long side of the grid). The other four units
are selected in the same way.

With the help of the “cookie cutter” and the shovel
each subsample unit is removed from the grid and trans-
ferred into a sorting tray. Plant material, which extends
beyond the edge of the unit, should be cut with a pair of
scissors before the cookie cutter is placed on the unit and
the material removed with the shovel. This makes the re-
moval more accurate and much easier. If an animal lies
directly on the edge of two units, it is counted into the
unit where the larger part of its body lies.

After the five subsample units have been removed
from the grid, the remaining sample material is left
undisturbed on the subsampling grid, until the taken sub-
sample has been analysed in terms of individuals within.
This is necessary, because a MAS subsample must fulfil
both of the following criteria:

— The subsample must correspond to at least 1/6% of the
whole sample, and
— it must contain at least 350 individuals.

If this number of individuals is not reached with 1/6®
of the sample additional units must be randomly selected
from the subsampling grid, sorted completely and count-
ed. The process is repeated until at least 350 individuals
are sorted from the whole subsample.

While the subsample units are sorted and individuals
therein counted it is important that the remaining sample
in the subsampling grid does not dry out. This can be
avoided by covering the grid with plastic wrap or alu-
minium foil, or by carefully squirting water on the sam-
ple. Only when the subsampling is finished and 350+ in-

Fig. 8. Subsampling grid: left, the grid, the "cookie cutter” and the
subsampling shovel; right, the same in action.
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dividuals are sorted can the remaining sample be dis-
carded.

* D.3. Separating the coarse fraction
from the subsample

After the subsample is taken, the material is placed in a
sieve with a 2 mm grid. The sieve itself is placed in a fit-
ting collector with an outlet. Water is poured into the
cascade of sieves until the 2 mm sieve is filled with
water. During this procedure the substrate is automati-
cally resuspended in the sieve. Once the sieve is filled
the spout of the collector is opened and the water can run
off. The separated material (<2 mm), which passed into
the collecting tank, is discarded. This rinsing is repeated
another four times. The material that remains in the
2mm sieve afterwards is considered the MAS subsample
which is sorted and analysed.

* D.4. Sorting

The MAS subsample is now transferred into a sorting
tray, in small portions using a teaspoons or tablespoon
(depending on the size of the sorting tray). The material
is slightly covered with water and distributed evenly. To
make for comparable sorting and to facilitate recogni-
tion of small and dark organisms it is important that no
more than half of the sorting tray bottom is actually cov-
ered with material. This is especially important in sam-
ples with a lot of organic matter.

All organisms are removed from the sample and sort-
ed by taxonomic order into sorting vials filled with 70%
Ethanol. While sorting the total number of sorted indi-
viduals is monitored continually. This is most easily
done using a hand counter while sorting. The following
material is not counted: adult stages of insects (except
Coleoptera), exuviae, empty mollusc shells or individu-
als where the taxonomic order is no longer recognisable
due to mechanical damage. Cases of caddis flies are only
counted when they clearly host larvae. With the excep-
tion of the readily recognisable Blephariceridae
(Diptera), pupae are not counted.

If the number of individuals sorted from the subsam-
ple exceeds 350 at the end of sorting a subsampling unit,
the sorting process is finished. If the number of individu-
als is <350 after a subsampling unit is completely sort-
ed, one other subsample unit is randomly selected, re-
moved from the subsampling grid, the coarse fraction
(> 2 mm) separated and sorted completely. This process
is repeated until at least 350 individuals have been sorted
from the MAS subsample. It is important that every
started subsample unit must be completely sorted, even
if the number exceeds 350 individuals early in the sort-
ing of that subsampling unit!

The sorted MAS subsample containing 350+ individ-
uals is used for further analysis.
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E. Taxa determination

The determination of the organisms sorted from the MAS
subsample and the pre-sorted individuals follows set
guidelines. In Germany, the guidelines and recommend-
ed determination literature are given in HAASE & SuN-
DERMANN (2004). Some taxonomic groups may reach
very high numbers of individuals in samples, e.g. Simuli-
idae, Gammaridae. At the same time, when following the
determination guidelines, these groups may only be rep-
resented by few taxa. If this is the case, determination
can be simplified with the following procedure:

At least 50 individuals are randomly picked and de-
termined. The remainder of the animals are only counted
and projected proportionally onto the determined taxa.
For Chironomidae the same procedure may be used,
with a minimum of 100 individuals determined.

F. Taxa list generation and data analysis

For further analysis the number of individuals deter-
mined is projected onto a whole sample, thus 1.25 m2. In
this way abundance data remain comparable. If for ex-
ample the subsample part was 1/6 (5 of 30 subsampling
units sorted), the number of individuals for each taxon is
multiplied by 6. Only after the subsample data have been
projected on a whole sample (1.25 m?) are the pre-sorted
individuals and those individuals that were determined
alive in the field added to the total taxa list!
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