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Abstract

The study aimed at estimating the reliability of river classification based on macrophytes
under differentiated habitat conditions. The studies were carried out between 2002 and 2005,
within the EU STAR project and two other local projects. Factors taken into consideration
included: shading, habitat modification, and lengths of the survey sections. Polish lowland
watercourses were surveyed. The analyzed streams represented a wide range of degradation.
Several macrophyte-based metrics were evaluated, including major European systems (MTR,
IBMR, TIM, MI, RI) and diversity metrics (number of species, Shannon diversity index, total
cover). The reaction of the macrophyte-based metrics examined to habitat factors was compared.
It was proved that some of the metrics appeared to be resistant to different sources of variability,
thus confirming their usefulness for river monitoring.
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INTRODUCTION

The Water Framework Directive (WFD) requires Member States to
implement ecologically-based classification systems for the monitoring of
surface waters (Directive 2000/60/EC). Methods for estimating ecological
quality status for the purpose of the WFD are still under development, and there
is an urgent need for research on biological indicators and for testing the
potential of classification systems. Macrophytes are regarded by the WFD as
one of the key groups of biota suitable for biomonitoring freshwaters and for
ecological classification purposes. Currently, several freshwater bioassessment
systems have been developed in Europe, e.g. in Great Britain (Holmes et al.
1999), Germany (Schneider et al. 2000, Schaumburg et al. 2004) and France
(Haury et al. 1996, 2002).

This study aims to estimate the reliability of macrophyte-based ecological
status classification for rivers. Variation in the estimation of the ecological
quality of a water ecosystem depends on many factors, such as field sampling,
personal judgement, and the selection of reference sites (Clarke 2000, Clarke et
al. 2002). Several aspects influencing uncertainty in estimation of the ecological
quality of rivers were considered during the STAR project (Staniszewski et al.
2006), and these aspects were further examined in relation to rivers in Poland.
This study was designed to assess the variation of macrophyte-based metrics
due to the influence of variable shading and hydromorphological degradation,
and the different length of the survey section. The aim of the study was to
estimate the reliability of river assessment based on macrophytes due to
differentiated sources of variability.

MATERIALS AND METHODS

Studies on macrophytes were undertaken in Polish lowland rivers between
2003 and 2006. Field surveys were carried out according to STAR guidance for
the field assessment of macrophytes (Dawson 2002). This is closely related to
the Mean Trophic Rank (MTR) methodology (Holmes et al. 1999). Taking the
botanical survey as a basis, besides MTR scores, several other metrics were
calculated. These included: IBMR - Indice Biologique Macrophytique en
Riviere (Haury et al. 2002), TIM - Trophéde-Index Macrophyten (Schneider et
al. 2000), MI - Macrophyte Index (Melzer 1999), RI - Reference Index
(Schaumburg et al. 2004) (without the non-structural algae module), the number
of species and Shannon diversity index (Shannon & Weaver 1949), and total
macrophyte cover.

The macrophyte assessment included all submerged, free-floating,
amphibious and emergent vascular plants, as well as mosses, liverworts and
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filamentous algae. During the field survey, macrophytes were recorded which
were attached or rooted in parts of the river bank that are likely to be submerged
for more than 85% of the year. The presence of each species within the standard
MTR survey river length (100 m) was recorded together with their percentage
cover using the MTR nine-point scale (Holmes et al. 1999).

To estimate the variability of macrophyte metrics caused by different
factors (shading, hydromorphological degradation, and different length of
survey section), a series of experiments were conducted during the field
surveys. These experiments were based on comparisons of matched pairs of
river sites which were differentiated in one of the tested features.

The sensitivity of the macrophyte indices to shading (caused mainly by
trees growing along rivers) was estimated by surveying 29 matched pairs of
sites where two stretches were within several hundred meters of each other, one
being unshaded and one being shaded. The two matched sites had very similar
environmental conditions in terms of water depth and width, current velocity,
hydromorphological conditions and substrate. The absence of tributaries
between two stretches was checked.

Thirty-one matched pairs of sites (hydromorphologically degraded and
unmodified) were selected to test the impact of physical modifications of the
river channel (e.g., bridges, reinforcements, regulations) on the
hydromorphological score. The two sites within each pair were selected to be
within 1 km of each other, but representing different classes of
hydromorphological degradation.

To estimate the influence of the survey section length on scores of the
macrophyte metrics, 35 sites were surveyed over distances of the water course
of 50 m, 100 m, and 500 m.

To compare the impact of different sources of variation (shading,
hydromorphological degradation, and different length of survey section) on
macrophyte-based indices, the share of total variance due to different factors
was estimated. To estimate this, the variance (the SD squared) of each metric’s
values caused by each factor was divided by the total variance amongst all the
values of that metric. The significance of the revealed variance was tested using
the Wilcoxon Matched-Pairs Signed-Ranks Test (Siegel & Castellan 1988).
This is a nonparametric test to estimate whether the parts of a pair differ in size
and does not require a population with a normal distribution. Testing three
survey distances was undertaken also in pairs — first, the difference between
50 m and 100 m, and then between 100 m and 500 m was tested separately.
Statistical analyses were based on a matrix with 10% of outlier values removed.
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RESULTS

The series of experiments undertaken showed that macrophyte metrics react
differently to particular sources of variance. Comparison between shaded and
unshaded sections showed that light availability was a very important factor that
strongly modified taxonomical composition. Among the analyzed macrophyte-
metrics, a very strong change of abundance (total cover) and diversity
(Shannon-Weaver index) was found when pairs of sites were compared. It was
estimated that 99% and 98% of the total variance, respectively, was attributed to
this source of variation. The exposure to light was also very important for the
number of species and the RI index, whereas four other indices were not
strongly changed by this factor. The statistical test confirmed the significance of
shade in the case of total cover, number of species, and the Shannon-Weaver
index (Fig. 1) and RI index (Fig. 2). Differences of MTR, IBMR, TIM and MI
between shaded and unshaded sections were not significant (Table 1).
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Fig. 1. Impact of shade on the number of species in the Shannon-Weaver
index and total cover.

Table 1

Wilkoxon test for matched pairs.

Index Length | Morphology | Shade
Number of species 0.001* 0.103 0.001*
Shannon-Weaver index | 0.001* 0.001* 0.001*
Total cover 0.007* 0.046* 0.001*
IBMR 0.098 0.068 0.206
MTR 0.635 0.481 0.888
TIM 0.768 0.940 0.145
MI 0.204 1.000 0.948
RI 0.327 0.733 0.011*

* significant differences (p<0.05)
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Fig. 2. Impact of shade on macrophyte metrics (IBMR, MI, MTR, TIM and RI).

All analyzed metrics reacted in the similar way to hydromorphological
degradation (Fig. 3). The strongest reaction was indicated by MI (50% of the
total variance) and TIM (47%). These metrics appeared most sensitive to this
factor. The largest resistance to hydromorphological degradation was shown by
MTR (28%). The statistical test confirmed the significance of
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Fig. 3. Estimated share of total variance for selected indices due to the
different length of the survey section, variable morphology, and shading.
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hydromorphological degradation in the case of total cover and the Shannon-
Weaver index (Fig. 4). Differences between values of other metrics as regards
modified and natural section, although influencing strongly the total variance,
were not significant (Fig. 4, 5), because the effect of the factor was not regular
in terms of the direction of the change in the tested pairs.
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Fig. 4. Impact of hydromorphological modifictions on the number of species in
the Shannon-Weaver index and total cover.
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Fig. 5. Impact of hydromorphological modifictions on macrophyte metrics
(IBMR, MI, MTR, TIM and RI).

Macrophyte metrics react differently to the distance of the survey stretch
(Fig. 3). This factor most strongly influenced the number of species index. The
reaction of the Shannon-Weaver index and total cover to this factor was also
quite large. The significant reaction of these three indices was confirmed
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statistically. The strong effect of the length of the survey distance on RI was
also detected, but due to the general high variability of this index, the impact of
this factor appeared to be insignificant (Fig. 6, 7).

09

0.8

06
05

04

“mm Number

of species
I:I Shannon-

Wiener index
Tetal cover
00 o Mean

] Meanzse
01 L MeanzsD

50m 100 m 500 m
Lenght

03

02

0.1

Fig. 6. Impact of length of the survey section on the number of species in the
Shannon-Weaver index and total cover.
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Fig. 7. Impact of length of the survey section on macrophyte metrics (IBMR,
MI, MTR, TIM and RI).

DISCUSSION

Analysis undertaken by Staniszewski at al. (2006) showed that metrics
indicating the largest level of uncertainty can not be utilized for estimating the
ecological status of rivers according to the WFD (Directive, 2000). A high level
of variance generates great uncertainty as regards site status class assessment,
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and the probability of misgrading a site is too high to use such an index in
monitoring (Clarke at al. 1996). Indices reflecting species diversity (the number
of species and the Shannon-Weaver index), as well as plant abundance (total
cover), were shown to be among the metrics offering limited confidence in
assessments.

Four of the tested metrics, MTR, IBMR, TIM and MI, proved sufficiently
robust in relation to potential sources of variation, caused by shading and
hydromorphological modification, to be useful in river assessment. Three of
them (MTR and IBMR, TIM) appeared also to be resistant to inter-surveyor
variation on the medium lowland rivers (Staniszewski et al. 2006) and some
other river types (Szoszkiewicz et al. 2007). Two of them (MTR and IBMR)
appeared to be most strongly correlated with nutrients (Szoszkiewicz et al.
2006a). Therefore, these metrics can be recommended as trophic indicators for
monitoring, and in the assessment of the ecological status of rivers.

Analysis showed that macrophyte-based metrics such as MTR, IBMR, MI,
RI and TIM are not disturbed by the length of the survey section. Therefore the
length of the survey section might be adapted to the local conditions
encountered during a field survey, although a distance close to 100 m is
recommended as delivering a sufficient pool of macrophytes for accurate
indication.

CONCLUSIONS

e Metrics reflecting species diversity (number of species and the Shannon-
Weaver index) as well as plant abundance (total cover) are strongly
influenced by shading, hydromorphology, and length of the survey section.
Therefore they can not be used in the assessment of the ecological status of
river sites.

e Four of the tested metrics, MTR, IBMR, TIM and MI, proved sufficiently
robust in relation to potential sources of variation caused by shading and
hydromorphological modification. Therefore these metrics are recommended
as trophic indicators for monitoring, and in the assessment of the ecological
status of rivers.

e Macrophyte-based metrics such as MTR, IBMR, MI, RI and TIM are not
disturbed by the length of the survey section. Therefore the length of the
survey section might be adapted to the local conditions met with during a
field survey.

Copyright© by Institute of Oceanography, University of Gdarisk, Poland



Variability of macrophyte metrics used in river monitoring 125

ACKNOWLEDGEMENTS

This paper is a result of the EU-funded project STAR (5" Framework
Programme; contract number: EVKI1-CT-2001-00089). Parts of the data
analysis were supported by resources from other projects undertaken in the
Department of Ecology and Environmental Protection, Poznan University of
Live Sciences.

REFERENCES

Clarke R.T., Furse J.F., Wright Moss D., 1996, Derivation of a biological quality index for river
sites: comparison of the observed with the expected fauna, Journal of Applied Statistics, 23:
311-332

Clarke R.T., 2000, Uncertainty in estimates of river quality based on RIVPACS. In: Assessing the
biological quality of freshwaters: RIVPACS and similar techniques. Freshwater Biological
Association, Ambleside. (Eds) Wright J.F., D.W. Sutcliffe & M.T. Furse: 39-54

Clarke R.T., Furse M.T., Gunn R.J.M., Winder J.M., Wright J.F., 2002, Sampling variation in
macroinvertebrate data and implications for river quality indices, Freshwater Biology, 47:
1735-1751

Dawson F.H., 2002, Guidance for the field assessment of macrophytes of rivers within the STAR
Project. http://www.eu-star.at/frameset.htm

Directive 2000/60/EC, 2000, Framework Directive of the European Parliament and of the
Council of 23 October 2000

Haury J., Peltre M.C., Muller S., Trémoliéres M., Barbe J. et al., 1996, Des indices
macrophytiques pour estimer la qualité des cours d’eau francais: premiéres propositions,
Ecologie, 27: 233-244

Haury J., Peltre M.C., Tremolieres M., Barbe J., Thiebaut G. et al., 2002, A method involving
macrophytes to assess water trophy and organic pollution: the Macrophyte Biological Index
for Rivers (IBMR) - application to different types of rivers and pollutions. In: (Eds) Dutartre
A. & M.-H. Montel, Proc. 11" EWRS International Symposium on Aquatic Weeds, Moliets
Et Maa, France: 247-250

Holmes N.T.H., Newman J.R., Chadd S., Rouen K.J., Saint L., Dawson F.H., 1999, Mean
Trophic Rank: A users manual. R&D Technical Report E38, Environment Agency of
England & Wales, Bristol, UK

Melzer A., 1999, Aquatic macrophytes as tools for lake management, Hydrobiologia, 395/396:
181-190

Schaumburg J., Schmedtje U., Schranz Ch., Kopf B., Schneider S. et al., 2004,
Handlungsanweisung fiir die okologische Bewertung von Flieffgewdssern zur Umsetzung der
EU-Wasserrahmenrichtlinie: Makrophyten und Phytobenthos, Bayerisches Landesamt fiir
Wasserwirtschaft, Miinchen

Schneider S., Krumpholz T., Melzer A., 2000, Trophdeindikation in Fliessgewdssern mit Hilfe
des TIM (Trophde-Index Macrophyten) — Erprobung eines neu entwickelten Index im Inniger
Bach, Acta hydrochimica et hydrobiologica, 28: 241-249

Shannon C.E., Weaver W., 1949, The Mathematical Theory of Communication, Urbana,
University of Illinois Press

Siegel S., Castellan N.J., 1988, Nonparametric statistics for the behavioral sciences (2™ ed.) New
York: McGraw-Hill

www.oandhs.org



126 K. Szoszkiewicz, J. Zbierska, R. Staniszewski, S. Jusik

Staniszewski R., Szoszkiewicz K., Zbierska J., Lesny J., Jusik S., Clarke R.T., 2006, Assessment
of sources of uncertainty in macrophyte surveys and the consequences for river
classification, Hydrobiologia, 566: 235-246

Szoszkiewicz K., Ferreira T., Korte T., Baattrup-Pedersen A., Davy-Bowker J., O'Hare M.,
2006a, European river plant communities: the importance of organic pollution and the
usefulness of existing macrophyte metrics, Hydrobiologia, 566: 211-234

Szoszkiewicz K., Jusik S., Zgola T., Czechowska M., Hryc B., 2007, Uncertainty of macrophyte-
based monitoring in different river types, Belg. J. Bot., 140: 7-16

Copyright© by Institute of Oceanography, University of Gdarisk, Poland




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL (Ustawienia Adobe Distillera dla Acrobata 7)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


