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Non-technical summary

European lakes are affected by many human indutstdrioances. In principle, ecological
theories predict that the structure and functiorohdpenthic invertebrate assemblage, one of
the Biological Quality Elements following the Watdframework Directive (WFD)
terminology, change according to the level of distimces, making this biological element
suitable to assess the status and manage lakesemosy In practice, to set up assessment
systems based on invertebrates, we need to dgtig@mmunity changes that are related to
human pressures from those that are inherent hatamability. This task is complicated by
the fact that invertebrate communities hinhabitimg littoral and the profundal zones of lakes
are costrained by different factors and respond/emig to distinct human disturbances. For
example it is not clear yet how the invertebratesemblages respond to watershed and
shoreline alterations, the relative importance dti®l and temporal factors on assemblage
dynamics and relative bioindicative values of taka, habitat constraints on species traits and
other taxonomic and methodological limitations.

The current lack of knowledge on basic featuresinviertebrate temporal and spatial
variations is limiting the fulfillment of the EU-we intercalibration of the lake ecological
guality assessment systems in Europe, and thus roomgng the basis for setting the
environmental objectives as required by the WFDe &l of this deliverable is to provide a
contribution towards the understanding of basicses of spatial and temporal variation of
lake invertebrate assemblages. The report is stettaround selected case studies, manly
involving the analysis of existing datasets cobecvithin Wiser. The case studies come from
different European lake types in the Northern, @dnAlpine and Mediterranean regions. All
chapters have an obvious applied objective andaouris to provide to those dealing with
WFD implementation at various levels hopefully wsaehformation to account for when
designed monitoring programs and or invertebrasedalassification systems.



Chapter 1. Introduction and aim of the deliverable

Angelo Solimini

1.1 Why we need to assess invertebrate spatial and  temporal variation in lakes

Abiotic factors in lake systems are highly varialsldime and space and often account for a
significant proportion of the variation of commuynppatterns in terms of species diversity,
abundance, biomass, and production. Differencewdsgt seasons and years are strongly
correlated with relative changes of abundances ahyminvertebrate taxa. Changes in
temperature, oxygen and concentration of ions, fagqaply through the year are takled by life
history traits of benthic species in the differéake zones. Benthic invertebrates show also
considerable spatial variation at multiple scal@s.local scale (site level) proportional
distribution of different habitats (like differemtacrophyte species and morpho types), near
shore vegetation, sediment texture and patchyilgigiton of trophic resources largely account
for invertebrate spatial variability. At lake levible morphological differences and the uneven
distribution of habitats (e.g. macrophyte beds, dsmeandy and stony substrate areas etc.),
form and wind exposure of shorelines, wave actioparian vegetation structure, fish
predation etc. determine the between site vartgbiOne single factor (sampling depth)
resemble most of the differences in abiotic andtibivariables affecting invertebrate
assemblages. Typically, the depth profile of lakas be divided into the littoral and the
profundal zones based on the light penetrationhtLgan reach the bottom in the littoral
(euphotic zone) but not in the profundal, makinggible for macrophytes and periphytic
algae the colonization of the littoral zone onlpn&times the nearshore lake bottom area
where emerged macrophytes grow is referred to psrufitoral, the zone colonised by the
submerged macrophytes as infralittoral and the zetik well oxygenated, just below the
lowest depth colonised by macrophytes is calleditsoal. Within and between regions,
sources of variation for invertebrate fauna inclaetimatic and geological factors, chemical
and thermal regimes, biogeographic factors landseap antropogenic pressure levels.

European lakes are affected by many human indusdridances that derive from human
activities in lake basins. The most often reportedn-made threats for lake ecosystems
include: nutrient enrichment, modification of watevel dynamics (e.g. water depletion, level
regulations etc.), navigation and boating, artficishoreline stabilisation, shoreline
deforestation, recretional intensive uses (bathamgling), acidification, introduction of alien
species and many others. In principle, ecologib&oties predict that the structure and
functioning of benthic invertebrate assemblge clkaaccording to the level of disturbances,
making this biological element suitable to assbssstatus and manage lake ecosystems. In
practice, to set up assessment systems based enteimmates, we need to distiguish
community changes that are related to human pres$tom those that are inherent natural
variability. This task is complicated by the fat¢tat littoral and profundal invertebrate
communities are driven by different governing fast@nd respond unevenly to distinct
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human disturbances. Open questions include: uncesgponse to watershed and shoreline
alterations, relative importance of spatial andgeral factors on assemblage dynamics and
relative bioindicative values of taxa, habitat dossts on species traits and other taxonomic
and methodological limitations.

The current lack of knowledge on basic featuresinvlertebrate temporal and spatial
variations is limiting the fulfillment of the EU-we intercalibration of the lake ecological
gquality assessment systems in Europe, and thus roomging the basis for setting the
environmental objectives as required by the Watamiéwork Directive (WFD).

The aim of this deliverable is to provide a conitibn towards the understanding of basic
sources of spatial and temporal variation of lakeertebrate assemblages. The report is
structured around selected case studies from eiftdeuropean lake types. All chapters have
an obvious applied objective and our aim is to @evto those dealing with WFD
implementation at various levels hopefully usefubrmation to account for when designed
monitoring programs and or invertebrate based ifiesson systems.

1.2 Brief description of case studies

The report is structured around selected caseestudianly involving the analysis of existing
datasets collected within Wiser. The case studesecfrom different European lake types in
the Northern, Central, Alpine and Mediterraneaniaieg and offer different angles and
approaches to quantify the spatial and temporatians of invertebrates.

Helen Michels and coworkers focus on the variabdit different invertebrate metrics looking
at a very long time series of data coming fromshallow lake Naardermeer. Time-for-space
analysis is used to disentagle the unexplainedatran caused by replicate samples, sample
processing, natural temporal variation and stoaha@stents in the data series of 23 years of
macroinvertebrate data and abiotic variables.

Francesca Pilotto and Angelo Solimini use the wveapartitioning approach in order to

guantify the combined impact of eutophication andarphological pressures on the

invertebrate assemblages inhabiting different lagaes of 57 Alpine lakes. This method

allows to disentangle the problem of interactiom®ag different groups of explaining factors

including variables connected to the pure spaadtepn and to lake morphology and geology
By including those sets of variables in the varepartitioning analysis the authors could
isolate the pure effects of eutrophication and rholpgical pressures from the effects due to
interactions with the other tested variables.

Despite the great importance of those water boofieareas of water scarcity, data from
Mediterranean natural lakes are particularly scalFoe this reason, Marcello Bazzanti and
coworkers look at the response to eutrophicatiogualitative metrics (e.g. those based on
presence — absence data) in different zones of lagkonging to the volcanic district of Italy.
A list of several taxa is proposed as tolerant sesitive to euthrophication stressors that
might be used in the development of the complet®Wémpliant classification system.



Elaine McGoff and Leonard Sandin apply a multiverianethod in order to partition the

variance of littoral invertebrates between ripamatated habitat variables, littoral substrate
variables and trophic status of Swedish lakes. Ei®y look at the impact of large scale land
use patterns, investigating whether invertebrat@mnsanities in impaired and natural lakes
differ in their response to local habitat and reriti descriptors, and how the different
environmental descriptors affect the variation Ire tmacroinvertebrate data set among
different land use types.

Gwendolin Porst and co-workers focus on a a lale Berlin in Germany (lake Werbellin)
and aim to quantify the impact of hydromorphologiglaoreline alterations on the community
structure and diversity of lake macroinvertebrabs comparing unmodified with soft
(recreational beaches) and hard (retaining wapsaps) altered shorelines. They further test
whether a composite macroinvertebrate sample capdesent a sampling site adequately
when compared with stratified habitat specific noaorertebrate samples and can, thus, serve
as a cost and time effective alternative methodofogthe monitoring of lakes.

The seventh chapter is authored by Mike Dunbar &alph Clark and provides

methodological insights on how to tackle spatiatl damporal veraition when designing
sampling campaigns. How to extract statisticallyamegfull models of between and within
lake variations in macroinvertebrate community cosifon and estimate lake-level values
for particular metrics are takled by the authoisgi$ierarchical variance models.

The final chapter of this deliverable authored bagrtih Pusch and Gwendolin Porst describes
the design of the sampling lake invertebrate cagmpavithin WISER, which had to meet
several theoretical and practical requirementss pointed out that the database produced
based on the invertebrate field exercise enablesmbke analyses e.g. on pressure-response
relationships and on its potential variation witdtitldes, on within-lake and among-lake
sources of uncertainty, on the efficiency of lowstceampling techniques, and on the
harmonization of assessment results with thoseoed#dd by use of other biological quality
elements.



Chapter 2. Time-for Space analysis on a long term d ata series of
macroinvertebrates of the Naardermeer

Helen Michels, Piet Verdonschot

2.1 Introduction

The assessment of the ecological status of a eaity is often based on values of metrics
which are based on the taxonomic composition oampde. Any measure of ecological
quality or status is of little value without somedkvledge of its level of uncertainty (Clarke,
et al. 2006). Therefore the EU Water Framework &ive (WFD) requires all partner
countries to include estimates of the confidenak@ecision of the of results provided by the
monitoring programs in their river basin managemglain (WFD Annex V, Section 1.3
“Monitoring of ecological status of surface watefBle uncertainty of estimates of ecological
class of a water body depends on unexplained \@riaf the metric values and hence the
unexplained variation in the observed biota atte. sthis variation of biota has different
sources, namely: 1) sampling variation and sampfiveghod, 2) sampling processing and
taxonomic identification errors, 3) natural temporariation and 4) effects of pollution or
environmental stress on the biota (Clarke et aDQ62. Values of metrics with little
unexplained variation will provide a better estimaf the ecological status of a site. In order
to provide confidence estimates in ecological statigsessment of a water body, it is
important to identify and quantify the differentusoes of unexplained variation within metric
values.

For rivers, already few studies investigated défdrsources of unexplained variation in
macroinvertebrate communities (Clarke et al., 200&rke et al., 2002, Hose et al., 2004)

As part of the WISER project of the European Unitth Framework program a large
replicate field campaign is taking place to estem#te different source of unexplained
variation in macroinvertebrate communities in Ewap shallow lakes. All this studies use an
‘a priori’ designed replicate field sampling prograo investigate the different sources of
unexplained variation in macroinvertebrate commesgitWISERBUGS, a tool for assessing
confidence of ecological status class has beenlaeweithin the WISER project. This
software assesses the probability of class memipsrélased on the sampling variation and
other sources of unexplained variation.

In this chapter we focus on the variability of netvalues using an alternative method to

guantify the amount of unexplained variation withire macroinvertebrate community. We

conduct a time-for-space analysis in which we usexsting long term data series of 23

years of macroinvertebrate data and abiotic vagldf a Dutch shallow lake. Instead of

taking multiple replicates at one given time, taenples taken over time serve as replicates.
With this technique however, it is important to @ete the unexplained variation, which can
be caused by 1) replicate sampling variation, 2)@eng processing, 3) natural temporal

variation and 4) stochastic events, from the viaeathat can be explained through changes in
abiotic factors.

Separating the two types of variation can be reath®ugh a multiple regression model with
metric value as dependent variable and the alfettor as independent variables.



2.2 Methods

Study area

Figure 2: Map of Naardermeer Nature reserve (from Boosten, 2006)

Nature reserve “Naardermeer” (700ha) is locatesvden the “Gooische heuvelrug” in the
east and the river the “Vecht” in the west (searggl). Naardermeer nature reserve is a peat
marshland showing a combination of all stages itumah succession from open water to
marshland forest. In the 70’s the biodiversity @ased due to eutrophication and low water
levels (Boosten, 2006).

Restoration measures started in 1985 with the dggftwisation of the water inlet,
construction of a sewage plant in the area andhtligological isolation of the Cormorant
rookery of Naardermeer.

In addition, the nutrient rich silt was dredged 422000). The restoration measures let to
improvement of the water quality, decrease of algaem, increase in visibility and increase
of macrophytes (Verdonschot and Verdonschot, 2007).
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Data collection

We examined one series of macroinvertebrate datehwirere collected in Groote Meer, one
of the larger lakes in Naardermeer, between 198B2We choose this lake over the other
sampled lakes in the Naardermeer because it halbrtigest running data series. During the
period of 1981-2003 every year a spring and laterser/ early autumn samples was taken as
part of a monitoring program conducted by the Rro@iNorth-Holland. From 2004 onwards,
Alterra took over the sampling and only one sanpglleyear was taken, which was alternating
a spring and autumn sample. For the years 19823,1P897 and 1998 no samples are
available.

All samples were taken following the same protodddte that interpersonal variation is
unavoidable in these kind long data sets, andbeilpart of the unexplained variation. Within
one location 5 m of habitat were sampled with aepmeet. The sampling effort was divided
over the different vegetation structures presédriyga sp, Sratiotes sp, Carex sp, and
submerged macrophytes) and the collected matedalagdded together into a mixed sample.
The material was filtered over a sieve with megle §.5 mm, and one of 250 um. the residue
was sorted and analyzed in the lab. Animals weeatified to the lowest possible taxonomic
level (van der Hammen, 1992; Verdonschot and Vesdoot, 2007).

Before analyzing the data any issues related tferdiices in taxonomic level between
samples of different years were solved:

» If possible the lowest possible taxonomic levelally species, was used.

» If the majority of individuals of a certain taxoavel (class, family, order or genus)
was identified until a lower taxonomic level, tltevier taxonomic level was used and
the higher taxonomic level was removed.

» If the frequency of individuals identified untilgrhigher level was more than 10% of
the frequencies of all the taxa below, the lowepteomic level was changed into the
higher level.

* The rule above is just an indication, in case aftiddhe ecological significance of the
different taxa levels was taken into account.

* No distinction was made between males, femalesa@uparvae, nymphs and
juveniles.

Data analysis

The macroinvertebrate community is described with tommonly used metric % EPT
abundance and the multimetrics MM designed by val Bn prep.) of the freshwater

ecology group of Alterra. The multimetric MM waswvédoped to adequately describe the
ecological status of Dutch shallow lakes. This imétric is the mean of the following

standardized metrics:

* Number Coleoptera taxa

* Number of EPT taxa

* Number of exotic species

* Shannon-Wiener diversity index
* % non Insecta taxa

* % EPT abundance

* % amphipoda genera

* % predators

* % sprawlers
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* % herbivores

* % coarse detritus

* % trofie Ill

* 9% cl 300-1000
The summer means of the following water qualityapagters were also available for the
period 1981-2004:

pH (dimsls)

Conductivity (mS/m)
Total phosphate (mgP/l)
Ortho-phosphate (mgP/I)
Chlorophyll-a (mg/l)
Ammonium (mgN/I)
Organic Nitrogen (mgN/I)
Chloride (mg/l)

Visibility (m)

Sulfate (mg/l)

Iron (mg/l)

Since we only have the abiotic parameters untid2@l the statistical analyses were done for
the period of 1981-2004. Because we only used pgheag samples for our data analysis, we
can assume samples are independent from each (@thest for residual autocorrelation
confirmed this assumption for all the used moddfsje had 2 spring samples per year we
took the average of these 2 samples for that year.

Statistics

The aim of the statistical analyses was to detedtcuantify unexplained variation within the
long data series of macroinvertebrate data. We asedltiple regression model with a metric
describing the macroinvertebrate community (i.e.E®T abundance and the multimetric
MM) as dependent variable and the different abiddictors as independent variables to
explain the variation based on known factors. Cqueatly, the unexplained variation, i.e. the
variation not explained by the multiple regressimodel is expressed by the standard
deviation of the residuals (§DThe unexplained variation indicates the leveln€ertainty,
based on the assumption that the abiotic variablgdains the majority of the known
variation. The variation due to environmental cleammgn be separated from unexplained
variation with this technique. The yearly springngpdes are used to enable comparison with
yearly available abiotic data.

We applied the multiple regression on the datas&681-2004 and on a data subset of 1992-
2004, i.e. the stable period after the major ambgenic disturbances in the mid 80s. This
was done with MM and %EPT abundance as dependeabies. In total we thus performed
4 analyses; on the data set of 1981-2004 i) Maltimgression model with % EPT as
dependent variable, ii) and a multiple regressiadeh with MM as the dependent variable;
for the data set of the whole period and on thessubf 1992-2004. For all analyses we
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selected the model with the highest significaht The statistical analysis was conducted in R
2.11.1

2.3Results
1981-2004
A = 2 5
o -
!
n o ¢ bt o o
oo L] lllr o H = o
g o “ l".u'lllllll' o 'E o
= o C . I|'rl|'|I = S o @
= = \ Oo Dr _g lI|I.
oo |® - o
g4 52 e el
— # o \ oof o"o o
g oo = o o o,r
o I I I I I I I I
1985 1990 1995 2000 1985 1990 1995 2000
Time Time
19922004
E. — ) = o
= -

0o
|
ﬂ—\.\_\_\_\_\_\_\-

hadbd
065
|
—
c-"ﬂ'fﬁ
—
(=)
c_,-"*
— .
.,-'—"'_'-'_'-'_FF
RHCI
%EFT abundancea
04 0
|
=]
T

0.60
|

— o -

.
0.z
o
o
o

1982 1996 2000 2004 1982 1996 2000 2004

Time Time

Figure 1 Time series of macroinvertebrate metric scores of Groote meer (Naardermeer). Upper left:
Time series of multimetrics MM scores between 1981-2004 (SD; = 0.07 Mean = 0.61). Upper right:
Time series of metric % EPT abundance between 1981-2004. SD; =0.25, Mean =0.36). Lower left:
Time series of multimetrics MM between 1992-2004. SD= 0.05, Mean = 0.64). Lower right: Time
series of metric % EPT abundance between 1992-2004 (SD= 0.28 , Mean = 0.44).

Analysis Multimetric MM dataset 1981 to 2004

Figure 1 shows the change in MM scores in GrooterMetween 1981 and 2004. The total
standard deviation (Spof MM over this period is 0.07 and the average Mir this period

is 0.61. MM is the lowest between 1985 and 199Rickv corresponds with the time the
restoration of the lake started. We conducted atiphellregression to explain the known
variation in MM. Table 1 shows the results of theltiple regression model with the highest
significant R (R?= 0.70, p= 0.009). The Analysis of Variance confirthat conductivity and
visibility explain a significant part of total vamce. Standard Deviation of residuals (S
0.04, this quantifies the unexplained variationisTumexplained variation can be attributed to
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different sources, such as sampling variation, taxac identification errors, natural temporal
variation or unknown sources.

Analysis % EPT Abundance dataset 1981 to 2004

The total standard deviation (§Dof %EPT abundance over this period is 0.25 ar@ th
average % EPT abundance over this period is 0.86leT1l shows the results for the model
that explains most of the variation in %EPT£R.80, p= 0.003). Analysis of variance shows
that Chlorofyll A, ammonium and nitrate explain mao$ the variation in %EPT. Standard

Deviation of residuals (Slpas a measure of unexplained variation is 0.11.

Table 1 Regression coefficients of the multiple regression model for the period of 1981-2004.

Coefficients Estimate Std. Error t value Pr(>|t))

MM Intercept 0.70 0.16 4.36 <0.01
CL <-0.01 0.00 -0.21 0.84
COND <0.01 <0.01 0.12 0.91
CHLFA -9.43 2.82 -3.35 0.01
PO4 8.58 8.33 1.03 0.33
NH4 0.29 0.32 0.91 0.39
NO3 -0.81 0.59 -1.36 0.21

%EPT

abundance - et 1.30 0.42 3.09 0.02
CL <0.01 0.01 0.32 0.76
COND <-0.01 <0.01 -0.55 0.60
CHLFA -3.92 7.37 -0.53 0.61
PO4 -14.57 22.07 -0.66 0.53
NH4 4.93 0.86 571 <0.01
NO3 -9.90 1.73 -5.74 <0.01
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Table 2: Analysis of Variance. Upper: Testing for the effect of the chloride (CL), conductivity (COND),
chlorophyll A (CHLFA),ortho-Phosphate (PO4), ammonium (NH4) nitrate (NO3) on the Multimetric MM
for the period 1981-2004. Lower: Testing for the effect of the chloride (CL), conductivity (COND),
chlorophyll A (CHLFA), ortho-Phosphate(PO4), ammonium (NH4), nitrate (NO3) on the % EPT
abundance for the period 1981-2004. Significant p-values are indicated in bold.

Parameter
code Df Sum Sq Mean Sq F value Pr(>F)

MM CL 1 <0.01 <0.01 0.84 0.39
COND 1 0.01 0.01 3.40 0.10
CHLFA 1 0.06 0.06 31.07 <0.01
PO4 1 <0.01 <0.01 1.80 0.22
NH4 1 <0.01 <0.01 0.01 0.76
NO3 1 <0.01 <0.01 1.85 0.21
Residuals 8 0.01 <0.01

%EPT

abundance CL 1 <0.01 <0.01 0.02 0.90
COND 1 0.03 0.026 2.02 0.20
CHLFA 1 0.19 0.19 14.67 <0.01
PO4 1 <0.01 <0.01 0.19 0.68
NH4 1 0.13 0.13 10.21 0.02
NO3 1 0.42 0.42 32.89 <0.01
Residuals 7 0.09 0.01
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Analysis Multimetric MM dataset 1992 to 2004

Here we only analyzed macroinvertebrate data fiogrstable period in the history of the lake
(1992-2004). For this temporal subset of data MY as dependent variable, the model with
the highest significant RR*= 0.73, p = 0.001) only include chloride as indejee variable.
Models which included more abiotic variables weog significant. Standard Deviation of
residuals (SB is 0.03.

Analysis %EPT abundance dataset 1992 to 2004

Table 3 shows the regression coefficients of theehwith % EPT abundance as dependent
variable with the best fit ] 0.92, p= 0.004). Standard Deviation of resid(&[) is 0.07.

Table 3: regression coefficients of the multiple regression model for the period of 1992-2004. chloride
(CL), conductivity (COND), chlorophyll A (CHLFA), nitrate (NO3)

Estimate Std. Error t p
MM (Intercept) 0.50 0.05 10.97 <0.01
CL <0.01 <0.01 3.15 0.01
%EPT
abundance (Intercept) 1.86 0.34 5.48 0.01
CL 0.033 <0.01 8.27 <0.01
COND -0.01 <0.01 -7.13 <0.01
CHLFA 87.87 24.57= 3.58 0.02
NO3 -8.25 1.87= -4.40 0.01

Table 4: Analysis of Variance. Upper: Testing for the effect of the chloride (CL), on the Multimetric MM
and metric %EPT abundance for the period 1992-2004. Lower: chloride (CL), conductivity (COND),
chlorophyll A (CHLFA), nitrate (NO3) on %EPT abundance for the period 1992-2004. Significant p-
values are indicated in bold.

Df Sum Sq Mean Sq F value Pr(>F)

MM CL 1 0.01 0.01 9.94 0.01
Residuals 8 0.01 0.01

%EPT

abundance CL 1 0.33 0.33 51.37 <0.01
COND 1 0.20 0.20 32.07 <0.01
CHLFA 1 <0.01 <0.01 0.01 0.92
NO3 1 0.12 0.12 19.42 0.01
Residuals 4 0.03 0.01

2.4 Discussion and Conclusion

Any measure of ecological quality or status isitifel value without some knowledge of its

level of uncertainty. To measure the uncertaintyake assessment, it is important to have an
understanding of the variability of the metric val(Clarke et al., 2006). To estimate this
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variability within metric values and to quantifyethdifferent components, especially the
variability due to sampling, the WISER project argad a replicate field sampling program.
This design allows to accurately estimate the sengplariability of the metric values. Here
we conducted a time-for-space analysis in whichuge an existing long term data series of
23 years of macroinvertebrate data and abioti@béas of a Dutch shallow lake.

Analysis dataset 1981-2004

When we take the entire dataset into account (P2B) a large proportion of the total
variation (70%) in the MM values can be attributedchanges in abiotic factors, especially
chlorophlyll A. The higher the chlorophyll A condeation the lower the values of MM. The
remaining 30 % can’t be explained by this model] enthe unexplained variation. This can
also be expressed as the standard deviation oésiduals (SP which is 0.04.

For the values of % EPT abundance abiotic factdig, \NO3 and chlorophyll A explain the
majority of the variation (80%).

The unexplained variation in %EPT abundance istedlao different sources, such as
sampling variation, taxonomic identification errorgtural temporal variation or unknown
sources. Due to lack of information about thesercaiwe cannot divide this unexplained
variation any further. That's why the value that ¥eeind for the SP value of %EPT
abundance (0.11) is larger than the value thatk€lat al. (2006) found for the average
sampling SD for % EPT abundance (0.031) of samialesn with the RIVPACS method in
different Austrian river. Afterall, sampling vanan is just a part of the total unexplained
variation we found.

Similar to Clarke et al. (2006) we find that EPTuatlance, one of the individual component
metrics of MM has a larger variance than multineeMM. Because the lower Sf MM,
the Multimetric MM has a higher precision to estienthe ecological status of a lake.

Analysis dataset 1992-2004

Another method to improve the insights on vari&pitir uncertainty is to use a subset of data
of the stable period of the lake. This way the &i)l be smaller and is a better estimate of
unexplained variation. If we look at the valuesMi¥l we notice that the total variability in
the values of MM is smaller than if we would betle entire data set. This was expected as
the lake went through less changes from 1992 orsvarde regression model indicates that
mainly the chloride concentration explains the afaitity in MM values. An interesting fact is
that we see that the $bDf this model is similar to the SBf model run on the entire data set.
This result could be an indication that variat@@used by unknown sources is irrespective of
the total variability in the data set. This is ttese for both MM as % EPT abundance. To
better investigate this pattern we should test ndata series from different lakes.

The variability of the values of the % EPT abundafrom the stable period can be largely
explained by chloride, conductivity and NO3.

This investigation illustrates the use of a Time$pace model to extract the unexplained
variation in metric values, which is necessarytfog uncertainty estimate of the ecological
status of a lake. The information gathered throtingh Time-for-Space analysis is specific to
Groote Meer and can not be used for other sitesomirast to the estimates of variability
based on the replicate field sampling. The adgnt# this method is that you can apply it
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on existing long term data series of macroinvedtbdata, instead of conducting a replicate
field sampling program.

For management authorities these replicate fielshpbag programmes are very labor
intensive. However, they do often have long terrtadseries of both abiotic variables and
macroinvertebrate communities of water bodies utkdeir management. So, this technique
can be a good alternative.
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Chapter 3. Comparisons of spatial variability of ma  crozoobenthos
between sublittoral and profundal zones in subAlpin e lakes

Francesca Pilotto, Angelo G. Solimini

3.1Introduction

The structure and composition of macroinvertebtsathic communities is influenced by

several abiotic factors, and communities settledifierent lake zones (littoral, sublittoral and

profundal) are expected to respond differently tdhbnatural variation and anthropogenic
stressors. Therefore it is important to identifywhdifferent pressures influence the structure
of the communities in the different lake zones iidew to define which lake zone is the most
informative of the ecological status, and thusrttost suitable for the monitoring.

Previous works have been mainly focused on litt@madl profundal communities. They
showed that littoral communities are mainly inflaed by habitat characteristics, especially
water level fluctuations, mesohabitat and pH (Johret al. 2004, Stendera & Johnson, 2008;
Brauns et al., 2008), while profundal communities iafluenced by the trophic status, being
affected by nutrient concentration and oxygen ev@Rasmussen and Kalff, 1987,
Hamalainen et al., 2003; Stendera and Johnson,)28@®littoral communities have been
shown to have lower variation among years thanumadl communities in metric values
(Johnson, 1998), density and species number (H#&meal&t al., 2003). These characteristics
make sublittoral communities potentially appropiat detecting anthropogenic impact, such
as acidification (Free et al., 2009).

Solimini et al. (2006) reviewed the knowledge abth# use of benthic invertebrates as
indicators of lake ecological status, focusing be ajor anthropogenic pressures affecting
lakes: eutrophication, acidification and hydromanioigical alterations. The authors
hypothesized that: “eutrophication affects the #tdohl zone to a generally less extent that
the profundal, and the littoral zone even less (Bsa et al., 2007). In contrast,
hydromorphological alterations will affect mostaostgly the littoral zone, but the sub-littoral
to a much lower extent (Brauns et al., 2007). Thefymdal is probably hardly affected.
Similarly, acidification probably mostly affectsatlupper zones of the lake” (Tab.1).

Tab.1. Hypothesized impact of different stressors on different lake zones (from Solimini et al., 2006)

Eutrophication Hydromorphological Acidification Combined
Littoral * *kk kK )
Sublittoral ** *Q *%0) **0
Profundal ok 0 2 *x0)

Despite the awareness about the need of a presgecdic assessment, a quantitative
analysis of the unique effects of different pressuon the communities is still lacking,
because communities have high natural spatial eamghdral variability and are subjected to
different stressors, which may have synergic e$fect
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When analysing the processes structuring the maadebrate communities, attention must
be paid to spatial factors. The spatial componantle responsible for a large part of the
variation of the community due to both direct piss®es such as dispersal, social organization
and species interactions and to indirect process@sected to the spatially structured
environmental factors (Peres-Neto & Legendre, 2@card et al., 2004). Therefore the
spatial patterns need to be assessed in ordeatdityits contribution to the community
variance and consequently to be able to distingtsséffects from those due to
environmental factors. The spatial pattern of ti@m@unity can be quantitatively described
using Principal Coordinates of Neighbour Matrice€NM, Borcard et al., 2004; Leonard et
al., 2008, Brind’Amour et al., 2009).

The aim of this chapter is to quantify the effecdfs eutrophication and morphological
pressures on the spatial structure of the macrdielvete benthic communities at two depth
zones (profundal and sublittoral) in subalpine fak&/'e use a set of multivariate procedure to

1) extract the relevant spatial axes
2) select the most relevant environmental variablesach pressure and lake zone
3) partition the biotic variance among spatial andiremmental components

The dataset used in this analysis were collecteth@l2005-2006 within Institutional projects
of the Joint Research Centre Ispra (see relatetlicatibn and reports Free et al., 2008; Free
et al., 2009).

3.2 Methods

Study area, and macroinvertebrate sampling

Two datasets from Wiser database were analysedirshene includes 12 lakes in the Italian
subalpine region, sampled in the sublittoral zorefered as sublittoral 12L), and in the
profundal zone (with the exception of lake Montadg the other dataset (referred as
sublittoral 45L) contained data collected in thélgtoral zone of 45 lakes in the subalpine
zone of Italy (15 lakes, different from those oé fbrevious datasets), Germany (15 lakes) and
Austria (15 lakes). Macroinvertebrates were sampledoft substrates (composed by clay,
silt or sand fractions). For the 45L dataset theang was carried out between April and
June 2006 by using an Ekman grab (sampled are25 @) in 3 sites per lake (see Free et al.
(2009) for more details), with the exception of daKintersteiner See, were 2 sites were
sampled. For the 12L dataset the profundal andttarial zone were sampled in 3 sites per
lake (sampled area: 0.045)nin spring and summer 2005. In each sample 2ol were
collected. Taxa were identified mostly to specied genus level.

The biotic matrix of each dataset was formed bywis corresponding to taxa and rows
corresponding to sampling sites. The cells cortae taxa density, for the 12L dataset this
value is the average of the two replicates andvtleeseasons.

Environmental variables

We started the selection of the environmental egmto be included in the analysis from a
set of 27 variables known to be potentially impottan structuring macroinvertebrate

communities. Those variables were measured atréliffespatial scales: site, lake and
catchment level. Pearson’s correlation among vhasalvas calculated and when two o more
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variables resulted correlated, only one of them sedscted for the further analysis. After this
selection process, 9 environmental variables wetained and grouped into three sets of
variables related to: 1. eutrophication, 2. morphgaal-pressures, and 3. morphology and
geology. The ranges of the variable values for ekthset and their spatial scale are reported
in the tab. 3.

Tab.3. Environmental variables: range of the variable values in each dataset and spatial scale of the
measurements. The variables are grouped into 3 groups. LOI550=percentage of loss on ignition of
sediments at 550 C. ILBS= index of lake basin shape (calculated as maximum depth divided by the
square root of lake area).

Variable Environmental | Spatial 121 eripest 48l ChIEse
group variable scale | Profundal Sublittoral ltaly ~ Germany Austria
LOI550 5.23 - 1.24 - 1.52- 1.38- 2.23-
sample
(%) 32.47 63.93 46.34 92.18 41.64
eutrophication
Mid-lake TP 9.42- 7.32- 2.99-
(ugll) lake 1.7-39.5 11013 | 314 | 19.28
Diversity of
macrophyte site . 0-5 0-3 0-3 0-3
growth form
types
Sum of site . 0-55 | 065 | 0-45 0-5
pressures
morphological Noa;t;‘irii‘i:js e 0.04— | 0042- | 0.042- | 0.042-
pressures P 0.92 0.96 0.87 0.96
zone
within 200
Urban land
roan fan m from 0-42.7 0-97.84 | 0-72.94 | 0-80.44
cover (%)
the lake
within 200
Naturalland | = o0 7.6-72.2 0-97.06 | 0-80.22 | 0-85
cover (%)
the lake
7.95- 9.47-
ILBS lake 2.39 - 48 5.7-79.42 41.92 5477
morphology
and geology Mid-lake
.. 3.07- 1.99-
alkalinity lake 0.89-2.72 1.13-4.62 533 4.07
(meg/)

The eutrophication-related variables were: peragmtaf loss on ignition at 550C of
sediments (%LOI550), and mid-lake total phosphqmgl-lake TP). The morphological-
pressure-related variables were 3 indices obtaim@adigh a lake habitat survey (LHS; Rowan
et al., 2004, 2006) and 2 land use variables (ugmmhnatural land use) within 200 m from
the lake, gathered through GIS data. The LHS vkssainclude: diversity of macrophyte
growth form types, that records the occurrencemtaiten macrophyte groups; the sum of
pressures, that records the presence of 18 pdtpnéissures affecting the riparian zone and
the shoreline within a 50 m radius of each sitel e degree of naturalness of the riparian
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zone, which takes into account riparian vegetatomplexity, vegetation longevity and
naturalness of land cover (see Free et al. (2000)nfore details on the environmental
variables). Those LHS indices were based on obBervaf the riparian/littoral zone and the
shoreline close to the sites, therefore they haemn lzalculated only for sublittoral sites since
profundal sites could not be matched to any rimagaetch. Morphology and geology are
represented by mid-lake alkalinity and by the indéXake basin shape (ILBS), calculated as
maximum depth divided by the square root of lalkeadFree, 2009).

For each dataset three environmental matrixes haee built, one for each variable group.
The environmental matrixes were composed by colucongesponding to the variables and
raws corresponding to the sites. The cells cortagrvariable values.

Data analysis

Prior to analyses, taxa densities were Hellingengformed, as suggested by Legendre &
Gallagher (2001) and applied in several works (Brgnd’Amour et al., 2009; Sweetman et
al., 2010; Leonard et al., 2008). The Hellingemsfarmation preserves the Euclidean
distance among rows and therefore allows the usBucfidean-based ordination methods
such as redundancy analysis (RDA). It also offaes ddvantage of not strongly weighting
rare taxa (Legendre & Gallagher 2001). Environmerddables were standardized (Legendre
& Legendre, 1998), or the arcsine of the squaréwas calculated for variables expressed as
percentage (Feld and Hering, 2007). This analyasslbeen performed using the R package
Vegan (Osaken et al., 2006; available at http.cra
project.org/web/packages/vegan/index.html).Reducyglamnalysis (RDA) was used in
constrained ordination of taxonomic data. This ysial has been performed using the R
package Vegan (Osaken et al., 2006).

The spatial pattern of the community was quanuédyi described using Principal Coordinates
of Neighbour Matrices (PCNM, Borcard et al., 200épnard et al., 2008, Brind’Amour et
al., 2009). This method produces a set of spatiplla@atory variables called PCNM vectors.
It consists in the building of a matrix of Eucliddistances from the geographical coordinates
of the sampling sites. The matrix of Euclidean ahses is truncated at a threshold value,
corresponding to the largest among the minimumad#s among sites. A principal
coordinate analysis on the truncated distance masithen computed and only the
coordinates corresponding to positive eigenvalues kept. The resulting principal
coordinates are the PCNM vectors. This analysishesn performed using the R package
SpacemakeR (Dray, 2008; available at http://r-forgeoject.org/R/?group_id=195).

The contribution of the spatial factors and thee® ®f environmental variables in structuring
the macroinvertebrate benthic communities has lassessed through the use of variance
partitioning with partial RDA. This method allowset decomposition of the variance of the
response matrix (taxa density) among sets of eapday variables in order to identify their
pure and shared contributions (Borcard et al., 12@gendre & Legendre, 1998). Variance
partitioning was performed by applying the vargariction of the R library Vegan, (Osaken
et al., 2006) this function computes the RDA-adjds® values. The adjustment, taking into
account the appropriate degrees of freedom, prevalevay of comparing models with
different numbers of predictors and sample sizesg$2Neto et al., 2006).

We included in the variance partitioning analysi$yaignificant spatial (PCNM vectors) and
environmental variables, identified by the forwaelection procedure implemented in the R
package Packfor (Dray, 2005; available at httavge.r-project.org/R/?group_id=195) This
procedure, applied to each variable group separatesles the results of a Monte Carlo
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permutation test (999 random permutations) to thst significance of the explanatory
variables successively entering the model and net#he those variables with £0.05
(Brind’Amour et al., 2009; Leonard et al., 2008).

3.3 Results

A total of 147 macroinvertebrate taxa were ideedifi55 in the profundal samples and 83-94
in the sublittoral samples (12 and 45 lakes respay).

The RDA constrained ordination of taxonomic composi showed that for the profundal
zone the proportion of variance explained by emmental variables was 56.77%, while for
the sublittoral zone it was 14.8-44.42% for 45L 42d dataset respectively.

In the profundal zone (Fig.1A) the first RDA axisxplained variance: 38.4%) positively
correlated to LOI and mid-lake TP (scores: 0.778 arv74) and negatively correlated to
ILBS (score: -0.723). The most important compondatsthe second RDA axis (explained
variance: 7.41%) were alkalinity and mid-lake TEofes: -0.703 and -0.502).

In the sublittoral zone 12L dataset (Fig.1B), thistfRDA axis (explained variance: 14.85%)
resulted positively correlated to ILBS and natdeadd cover (scores: 0.733 and 0.534) and
negatively correlated to mid-lake TP, urban landecaand LOI (scores: -0.598, -0.593 and —
0.554). The most important components for the s&cBDA axis (explained variance:
12.64%) were mid-lake TP in the positive sectoosc0.602), LOI in the negative sector
(score: -0.483).

In the sublittoral zone 45L dataset (Fig.1C), thiet fRDA axis (explained variance: 6.7%)
resulted positively correlated to alkalinity anduralness of the riparian zone (scores:0.476
and 0.448) and negatively correlated to mid-lakeai® sum of pressures (scores: -0.690 and
-0.466). The most important components for the s@dDA axis (explained variance: 2.3%)
was LOI (score: 0.284), natural land cover and mditye of macrophytes growth form types
(score: -0.511 and -0.389).
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Fig.1. RDA biplot scores for constraining variables. Black dots represent sampling sites, red dots
represent species. A. profundal, B. sublittoral 12 and C. sublittoral 45L.

Spatial component:

The PCNM vectors represent a quantification of dréa fine-scale spatial pattern of the
study design, the first vectors (broadest/registle) depend on the study area surface,
while the last vectors (finest/local scale) dependthe truncation distances (Borcard et al.,
2004). The truncation distance resulted 146.5 kmtle profundal and sublittoral 12L
datasets and 125.6 km for the 45L dataset (91.44Rm2, km and 92.3 km for the 15 Austrian,
German and Italian lakes respectively). 6 PCNM aexctvere produced for the profundal and
sublittoral 12L datasets, 37 PCNM vectors for tbé dataset (11 for 15 the Austrian lakes,
16 for the 15 German lakes and 14 for the 15 hdbkes).

Variance partitioning:

The explanatory variables selected by forward seled¢or each variable-group and for each
dataset are reported in tab.4.

Tab.4. Results of the forward selection procedure applied to each variable group and each dataset
separately. The p values of the significant variables are reported. As regards spatial variables, only
significant PCNM vectors are reported.
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Profundal Sublittoral 12L | Sublittoral 45L
1: p=0.001
3: p=0.001
1: p=0.001 1: p=0.001
21: p=0.001
4: p=0.010 6: p=0.001
Spatial component PCNM vectors 2: p=0.002
6: p=0.011 5: p=0.024
8: p=0.009
5: p=0.022 4: p=0.040
9: p=0.022
24: p=0.038
%LOI550 p=0.001 p=0.001 not-selected
Eutrophication
Mid-Lake TP p=0.001 p=0.001 p=0.001
DivMacrGrowthForm - p=0.026 p=0.029
SumPress - p=0.019 p=0.002
Morphological pressures | NatuRip - not-selected not-selected
Urban p=0.05 p=0.003 p=0.044
NaturalLandCover not-selected p=0.027 p=0.022
geology Mid-lake Alkalinity p=0.008 not-selected p=0.001

The amount of explained variance was and 61.4%h@profundal zone, and ranged between
18 and 32.9% for the sublittoral zone (respecyivet the 45L and 12L datasets).

Variance patitioning results are reported in figeRtrophication resulted an important factor
in explaining the taxa variance for the profundahe, where it accounted for the 9.7%, while
in the sublittoral zone it ranged between 0.3-3(2%. and 12L respectively). Morphological
pressures accounted for the 1% in the profundadzamd 1.2-3.6% of the taxa variance in the
sublittoral zone (45L and 12L respectively). Lakerphology and geology explained the
3.7% in the profundal zone and 1-1.8% in the sudoét (12L and 45L). The spatial
component accounted for the 18.2% in the profuzdak, 8.2-9.1% in the sublittoral (12L
and 45L respectively). Interactions among the engilary variable groups were 28.8% in the
profundal, 5.6-16.9% in the sublittoral zone (45idd 2L).
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Fig.2. Variance partitioning using pRDA for each dataset. Pure effect of spatial variables (black),
eutrophication (red), morphological pressures (blue) and lake morphomentry and geology (yellow).
Grey: interanctions among the 4 groups of variables; white: unexplained variance.

The analysis has been performed for the 45-lakasdaseparately for each country (Austria,
Germany and Italy). The forward selection resulésraported in Tab.5.

The total amount of explained variance was 22.1%8p Bnd 6.1% for Italian, German and

Austrian lakes rispectively. The eutrophication lakped 1.5% of the community variance in

Italian lakes but was not explicative for Germard akustrian lakes. The morphological

pressures explained 0.8%, 1.1% and 1.8% of themweei rispectively in Austrian, German

and ltalian lakes. Morphomentry and geology ex@dirl.7% and 2.3% of the variance
rispectively in Italian and German while none ins#ian lakes. The spatial component 8.5%,
3.5% and 3.9% in Italian, German and Austrian lqkeg.3).

B spatial
Sublittoral
15 AT B cutrophication
B marphaological
Sublittoral . press
15 GE Olake morphometry
and geology
1 Ointeractions
Sublittoral
15ITA Oresiduals
1] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fig.3. Variance partitioning applied to Austrian, German and Italian lakes separately (from the 45L
dataset). The x axis refers to fraction of explained variance.
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Tab.5. Results of the forward selection procedure applied to each variable group for Austrian, German
and Italian lakes. The p values of the significant variables are reported. As regards spatial variables,
only significant PCNM vectors are reported.

Morphological

Variable group Variable Austria Germany Italy
3: p=0.009
2: p=0.010
9: p=0.014
10: p=0.027
1: p=0.001 4: p=0.015
Spatial PCNM vectors 15: p=0.030
4: p=0.047 10: p=0.015
3: p=0.036
6: p=0.017
12: p=0.043
1: p=0.041
%LOI550 not-selected not-selected p=0.004
Eutrophication
Mid-Lake TP not-selected p=0.031 not-selected
DivMacrGrowthForm not-selected p=0.010 p=0.046
Sum of Pressures not-selected not-selected p=0.042

NatuRip not-selected not-selected not-selected
pressures

Urban land cover not-selected p=0.002 not-selected

Natural land cover p=0.012 p=0.002 not-selected
Lake morphology | ILBS not-selected not-selected p=0.006
and geology Mid-lake Alkalinity not-selected | p=0.001 p=0.016

3.4 Discussion and Conclusion

Since water bodies are subjected to multiple apthgenic pressures, it is difficult to assess
the unique impact of each pressures on the biofeaguent approach to this kind of study is
to stratify the sampling design in order to redtle effects of sources of variaton other than
the one of interest. For expample Sandin and He20§4), studied the impact of organic

pollution on stream macroinvertebrates in a largedys across Europe and focused the
analysis only on water bodies where organic pdaltutivas the uniqgue dominant stressor. In
our study, we applied the variance partitioningrapph in order to quantify the combined

impact of eutophication and morphological pressuféss method allows to disentangle the
problem of interactions among different groups aplaining factors (Peres-Neto and

Legendre, 2006). We included in the analysis aktables connected to the spatial pattern
(PCNM vectors) and to lake morphology and geologcduse those factors may be
responsible for a large part of the community veare other than anthropogenic derived
disturbances and may have synergic effects withetheronmental variables related to the
two pressure (Borcard et al. 2004). Furthermoreinibjuding those sets of variables in the
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variance partitioning analysis we could isolate thare effects of eutrophication and
morphological pressures from the effects due terautions with the other variables.

Spatial and enviornmental variables

In the PCNM analysis of the spatial pattern ofshedy design, the first vectors are related to
the broadest/regional spatial scale while the Vastors to the finest scale (Borcard et al.,
2004). Our results highlight the importance of tlegional scale in both profundal and
sublittoral zones, being the first PCNM vectorshitygsignificant in forward selection in
every dataset. However, in both lake zones, thaifgignt PCNM sets represent a mixture of
broad, medium and fine scales, indicating the atesef a predominant scale and thus the
interdependence between local and regional facldrs result has been reported also for
littoral communities by Johnson and Goedkoop (2002)o stated that regional factors, at
catchment scale, set upper limits and, within thiesies, local factors become important.

In the profundal zone, both environmental varialvkdated to eutrophication pressure (total
phosphorous and loss on ignition) resulted higldyiicant in structuring the invertebrate
community, and important variables in defining gnadient of the RDA ordination. The same
results were found in the sublittoral 12 lakes settabut in the 45 lakes dataset loss on
ignition resulted not significant in the forwardiesgtion procedure and had only a marginal
role in the definition of the RDA gradients.

Among the variables related to morphological pressanly urban land cover affected the
profundal communities. Natural land cover was nghificant while the LHS indexes were
not taken into account because they are based senation of the riparian and littoral
features, which could not be matched to profunidess

Diversity of macrophyte growth form types was statally significant in both the sublittoral
datasets (12L and 45L). This confirms the well knoinportance of habitat complexity
provided by macrophytes in defining the invertebrabmmunity (Weatherhead and James,
2001; McGoff and Irvine, 2009), for example Cheliivet al. (2002), demonstrated that
macrophyte colonization by invertebrate is influethdy plant architecture. Also land cover
on lake surroundings and anthropogenic pressuréseimiparian zone and on the shoreline
affect the sublittoral community as shown by thenfard selection results and by RDA
ordinations. The sublittoral community abundancd aomposition was not affected by the
presence and longevity of natural riparian vegetatsynthesized by the index of naturalness
of the riparian zone. These features are expectatiréctly affect littoral communities by
providing habitat diversity through the presencerafts and woody debris, known to be
important factors for the invertebrate communitygiis et al., 2007; Brauns et a., 2008).

Lake morphology could be identified highly signdi in both profundal and sublittoral zone.
The ILBS index synthesizes lake area and slopegheigh values typical of small and deep
lakes while low values typical of large and shallakes. Lake area and slope have been
demonstrated to be indicators of anoxia (NUrnb&8§5) and to indirectly affect invertebrate
communities by influencing fine sediment distrilomtiand macrophyte growth (Rasmussen
and Kalff, 1987). In fact, lake area is strictlyated to wind fetch, which determines wave
height and thus fine sediment distribution (Smittd &inclair, 1972). Slope influences the
ability to retain fine sediments and has been faweghtively related to the biomass of rooted
submerged macrophytes (Duarte and Kalff, 1986)akiky was identified to significantly
explain the variance in community structure in pinefundal zone and in the 45 lakes dataset
but not in the sublittoral 12 lakes.
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Variance partitioning:

The most striking results of our analysis are altrcation-profundal and
hydromorphological-sublittoral pressure- biota tielaships. Although this differential effect
of the two pressures on the different zones ofddkas been hypothesized (Solimini et al.,
2006), to date no direct quantification was avaddal®ur results showed that the profundal
communities are mainly affected by eutrophicatmith explained variance 10 times higher
than that of morphological pressure. The relatignbletween lake trophic state and profundal
communities is well known, as reported in Solimatial. (2006). The input of nutrients
enhances littoral and pelagic productivity and se&al an increase of organic matter in the
sediments. The degradation of the organic matteisesa a decrease of oxygen in the
hypolimnion which has direct effects on the profaindnacroinvertebrate community
(Rasmussen and Kalff, 1987; Dinsmore et al., 1998is process affects the structure of the
community, through a decrease of diversity and iseedaxa abundances and increase of
tolerant-taxa abundances (Bazzanti et al., 1994). @sults showed that in addition to
euthrophication, also the morphological signal dobé tracked in the profundal, although
with much less extent.

In the sublittoral zone the pure effect of eutraphtion resulted lower than in the profundal
zone, accounting for the 0.3-3.2% of the explamadance. This is consistent with previous
studies which demonstrated that the profundal zemaeore suitable for detecting early signs
of eutrophication than the sublittoral zone (Bazizenhal., 1994; Hamalainen et al., 2003).

The pure effect of morphological pressures is uf.€times higher in the sublittoral than in
the profundal zone. However, variance partitionmglifferent among regions. The 12 lakes
dataset and the 15 Italian lakes showed a simiddtem, with a similar importance of

eutrophication and morphological pressure. On tharary, the sublittoral communities of

the 15 German and 15 Austrian lakes were not aftelty eutrophication. This may be due to
the lower trophic gradient of these lakes then difdtalian lakes.

The spatial component was the dominant factor th boe lake zones, representing the 18.2%
of the explained variance in the profundal zone #rel 8.2-9.1% in the sublittoral. This
fraction accounts for three possible causal facgpatially-structured environmental or biotic
factors not included in the analysis, spatiallpstured historical events and spatial
autocorrelation in the response matrix (Legendrelagendre, 1998).

This study provides a quantification of the pure@k of eutrophication and morphological
pressure on profundal and sublittoral macroinvegiebcommunities. It will be interesting to
integrate it for the littoral communities by inclad in the analysis the data gathered during
the WISER project.
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Chapter 4. Analysis of invertebrate diversity metri CS sensitive to
eutrophication in  different depth zones of natural Mediterranean
lakes

Marcello Bazzanti, Luciana Mastrantuono, AngeldSGlimini

4.1 Introduction

In the past two decades, multimetric indexes ofolgical integrity have been widely
adopted as tools for the monitoring of ecologicatis and they are increasingly being
incorporated into regulations of Member States asaric biological criteria (See Wiser
Deliverable 2.2-2: Guidelines for indicator devetmmt). Multimetric indexes are the
combination of several single metrics, each tapiistjnct aspects of the biological response
to a given pressure. At the community level, thetrit® most often used include those
indicative of the abundance of organisms, theiediity, their sensitivity/tolerance to a given
pressure, and their ecological traits (Karr and,d999).

Analysis of presence/absence data alone can allwmv calculation of several
gualitative metrics, some of which are widely apglifor the benthic fauna. For example,
macroinvertebrate species richness is a fundameonabonent of several multimetric indices
of ecological integrity assessment of rivers (Mdx&t al. 2000, Klemm et al. 2002), lakes
(White & Irvine, 2003, O’'Toole et al. 2008, Donoheteal. 2009a) and ponds (Solimini et al.
2008, Trigal et al. 2009). Some of these multimeindices, include in their calculation
several (single) “richness” metrics based on thxa tachness of the total macroinvertebrate
assemblage (Lenat 1988), or only of a portion.dfar example, several insect groups can be
considered together in a metric, such as EphenmampPlecoptera and Trichoptera (EPT,
Morse et al. 1993) or Ephemeroptera, Plecopterahdptera and Coleoptera (EPTC, Compin
& Céréghino 2003). Other metrics comprise singkot@mic groups such as chironomids
(Trigal et al. 2009), ephemeropteran Heptagenidzenients et al. 2000), diving beetles
(Nilsson & S6denberg 1996). The qualitative apphoaight be useful when abundance data
are not available or too sparse to be comparabtangnakes.

Benthic studies traditionally focus separately be tifferent lake zones, that are
approached as different subsystems. The ratioridlesorelies on the fact that the structure of
the invertebrate assemblage in eulittoral, infi@l&l and sublittoral/profundal zoneserfsu
Hutchinson 1967 and later adopted by O’Sullivan &yRolds 2004) are driven by different
abiotic factors and can respond differently toetéiht pressures. However, this lake feature
complicates the task of quantifying the relativassivity of macroinvertebrates species to
pressures and what metric is really indicative ofgigen pressure. Especially in the
Mediterranean region, cohemprensive enumerationsagroinvertebrate species present in
natural lakes are lacking, hindering the finalisatof biological classification systems. For
example, no classification system based on inveateb has been intercalibrated.
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In this chapter we: 1) compare the response ofntlaeroinvertebrate assemblage
based on presence/absence data to euthrophicaéissupe in natural Mediterranean lakes, 2)
test the effectiveness of several qualitative rogtfsensitivity/tolerance and richness metrics)
in responding to eutrophication pressures, andd@tify species typically associated with
trophic levels. Our analysis compares not onlyedéht metrics and eutrophication levels but
also different lake zones. A large dataset wasnalsieel based on a collection of 22 papers
(published from 1981 to 2008) and 5 unpublishedlistion benthic assemblages of sandy
eulittoral, vegetated infralittoral and sublittdpbfundal zones of natural lakes located in
central Italy. This region includes a large numbkyvolcanic lakes (8) with different degrees
of anthropogenic disturbance and measures of emviental protection.

The approach developed in this report aims to baseful contribution to the
implementation of richness and sensitivity metriiced multimetric indexes of ecological
status in natural Mediterranean lakes. Moreovermiadiversity is one of the main criteria
used to establish protection priorities and to pegp management actions regarding the
conservation of continental water (Ramsar ConvenBareau 2005), this work can offer
basic data on potentially target species for tlaas®ns.

4.2 Methods

Study area and environmental features of lakes

The macroinvertebrate dataset used in this repddrs to 5 different lakes and
sampling campaigns carried out in the last 30 yéldre lakes (Bracciano, Martignano, Vico,
Albano, Nemi) are located close to Rome (Fig. 1J #reir main morphometric features are
showed in Table 1. They are all monomictic lakethvdifferent levels of euthrophication
pressure (Table 2). The following studies focus tbe sandy eulittoral and vegetated
infralittoral: Mastrantuono 1986a and 1986b, 199@91, 1995a, 1995b, Mastrantuono & La
Rocca 1988, Mastrantuono 2000, Mastrantuono @08l1, Mastrantuono & Mancinelli 2003,
2005, Mastrantuono & Sforza 2008, Mastrantuonol.e2@08, while the following studies
refer to the sublittoral/profundal: Bazzanti & LorE982, Bazzanti & Seminara 1987a and
1987b, 1995, Bazzanti et al. 1993, 1994a and 195201 .

Regarding eutrophication, Lake Bracciano showed#st conditions (lowest Total P
concentration, higher water transparency and welgenated hypolimnetic water throughout
the year), whereas, at the opposite end, Lake Nemmg 1976-77 and 1982-83 presented a
very poor ecological condition (higher Total P \edulower water transparency, and long
lasting hypolimnetic anoxia during summer-early umoh). The trophy levels of Lakes
Martignano, Vico, Albano and Nemi (the latter dgrig001-02) were placed among these
extremes, gradually shifting from the oligo-mesptra to the meso-eutrophic lakes. Most of
the study lakes showed a marked or a total deoatgenin the hypolimnion during the
summer stratification period (Tab. 2 and see digoariginal papers for details). In addition,
Lake Albano suffered from a meromictic state (Lanal. 1994) localized in the layer from
120 to the maximum depth (175 m), lacking in trose of any forms of macroinvertebrates.
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A part from eutrophication, some hydrological ches@ffect lake Albano, Lake Bracciano
(which showed a water level lowering of about 1 eptth in 2003; Mastrantuono et al. 2008),

and Lake Nemi (water level lowered of about 1,5m2000-2001; Mastrantuono & Sforza
2008).
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Figure 1. Location of the 5 lakes included in this study.

Characteristics of the macroinvertebrate dataset

The sampling campaigns on benthic invertebratesdaseribed in details in the studies
included in the reference list at the end of thaptér and refer to three lake depth zones:
sandy eulittoral (0.5 m), vegetated infralittorflab(n 3 to 8 m) and sublittoral/profundal (from

10 or 20 m to the maximum depth). For all lakes aathpling campaigns we assembled
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presence/absence data of macroinvertebrate sawglested during 4-6 different sampling
dates over a yeancluding the summer/early autumn stratificationl éime winter/early spring
water mixing resulting in more than 1000 sampleiéer®faggregation at lake, site and season
levels, a total of 371 samples are included indbhtabase. The final presence/absence list
include more than 200 taxa (mostly to species areg® of which 99 were insects (47
chironomids), 56 oligochaetes and 18 molluscs. d&tailed information on study sites and
materials and methods, see the original artickeslian references of this chapter.

Table 1. Morphometric characteristics of the study lakes (from Gaggino et al. 1985; Ciccacci et al.1987); tw =
theoretical water renewal time.

Lake altitude area volume mean depth max. depth  tw

m a.s.l. km2 m3 m m years
Albano 293 6.0 464 77 175 47.6
Bracciano 164 57.0 5050 88.6 165 137
Martignano 207 24 72.3 29.64 60 29.6
Nemi 316 1.6 26.5 16.5 31 15
Vico 510 12.1 260.6 21.6 48.5 17

Table 2. Annual mean values of Total P, NH4, conductivity (as range of annual means in the water
column), transparency, and minimum hypolimnetic dissolved oxygen (D.O.) in the studied lakes.
Trophic evaluation was calculated according to Total P and transparency values (OECD, 1982).

Lake Bracciano Martignano  Vico Nemi Albano Nemi

study year 1998-99 1996-97 1985-86 2001-02 1985-86 1982-83
Total P (pg I-1) 5-15 13-25 14-35 13-105 69-263 97-279
range (mean=8.7) (mean=18) (mean=21) (mean=36) (mean=164) (mean= 193)
NH4 (ug I-1) 9-20 20-80 3-62 13-795 110-884 488-1587
Conductivity (um

cm-1) 476-502 336-397 373-381 290-314 446-491 535-641
Transparency (m) 9.6 7.9 6.6 5.4 5.8 1.8

D.O. (mgl-1) 3.1 0.7 0.2 0.1 0 0

Trophic oligotrophy oligo- oligo- meso- meso- eutro-
evaluation mesotrophy mesotrophy eutrophy eutrophy hypereutrophy

Data analysis and selection of metrics

To visualise the community structure based on piesabsence data in 2 dimensions, we
generated an association matrix between samplag 8say—Curtis similarity and we ran a
non-metric multidimensional scaling (N-MDS) to puag two-dimensional ordinal plots
(Clarke & Warwick 2001). Non-metric multidimensidnscaling (N-MDS) was chosen as
ordination analysis to assess differences in spamelposition between zones and lakes. N-
MDS ordination was selected because of its nomicdge assumptions (not assuming
random sampling, multivariate normality and nonstdwing of observations). Taxa present
only one time in a zone of a lake were excludethftbe analysis.

To test the hypotheses that the invertebrate contynsimucture (based on presence/absence
data) differed between lakes/year with differentrieat levels grouped following OECD
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(1982) classification, we computed a nonparameine-way analysis of similarity (ANOSIM
ANalysis Of SIMilarities; Clarke & Warwick 2001bf all samples and for each lake zone in
turn. Analysis of similarities has been widely uded testing hypotheses about spatial and
temporal differences in assemblages and for dete&nvironmental impacts (Chapman &
Underwood 1999). Pairwise permutation tests folldwach ANOSIM.

To select the macroinvertebrate species typicabpaiated with lake/year trophic groups, we
used Similarity Percentage analysis (SIMPER; ClagkéVarwick 2001). The SIMPER
algorithm determines the relative contribution atle species to the average similarity within
a group and the average dissimilarity between grodccording to Clarke & Warwick
(2001), if a species consistently contributes ttwben group dissimilarity between pairs of
samples (lakes of different trophic status), therpercentage contribution to similarity is high
and it can be considered a good discriminatingispeand, therefore, a useful indicator of the
lake trophic status. All statistical analyses weoae with PRIMER Version 6.1 (PRIMER-E
Ltd., Plymouth UK) and Vegan package for R (Oksanen 2007).

To verify the response of potential metrics to @piication we selected metrics indicative of
diversity and sensitivity/tolerance of taxa frombpshed literature. The results of the metrics
were plotted by box-plots to detect potential ddfeces between lakes of different
euthrophication status and zones. Statistical sogmce was tested by Kruskal-Wallis rank
sum test and by post hoc multiple comparison test significance at p < 0.05. While a

description of the metrics tested here can be fannQuffney (2003), particularly relevant

richness metrics are described below.

Taxonomic richness metrics. The total number of taxa (RICH, Trigal et al. BpOthe
number of taxa belonging to Ephemeroptera + Tritdrgp+ Odonata + Coleoptera (EOTC), a
variant of EPTC (Compin & Céréghino 2003) in whi€donata was added instead of
Plecoptera uncommon in lentic waters, the numbemofluscan + large crustacean taxa
(MOLCRUR, Burton et al. 1999, Kashian & Burton 200the number of chironomid taxa
(CHIR, Trigal et al. 2006) and of oligochaete speqOLIGOR, Slepukhina 1984, Lafont et
al. 2010).The assumption inherent in their use is that lddeasng high environmental quality
should be also have high values of richness ofl &ntd of some taxonomic groups (i.e.,
Reynoldson et al. 1997, Kashian & Burton 2000).

Sensitive/Tolerant taxa metrics. Sensitive and tolerant taxa were selected wghSMMPER
procedure and from the well known data reportethan literature, and then summed up in
sensitive and tolerant taxa metrics. This calcolatvas made for the three zone separately,
because of the different species composition pae and the fact that same species can be
both sensitive or tolerant depending by the zomi@rél or profundal) in which can be found
(see for example O'Toole et al. 2008, Donohue e2@D9b). Additionally we calculated the
Biological Monitoring Working Party (BMWP) and th&verage Score Per Taxon (ASPT)
scores. Both metrics were firstly developed in WK the classification of water quality in
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rivers (e.g., Armitage et al. 1983) and later miediffor Mediterranean ecosystems (Alba-
Tercedor & Sanchez-Ortega 1988). Their use fordakereported in Johnson (1998) and
O'Toole et al. (2008).

4.3 Results

Relationships among macroinvertebrate taxa, depth zones and trophic levels of
lakes

The NMDS plot (Figure 2a) shows a separation ofttinee lake zones (ANOSIM: R-
statistic =0.98 p <0.01), suggesting that the degoime assumes more importance than the
different lakes in structuring the macroinvertebrassemblage. Separate NMDS for each lake
zone (Figure 2b, c, d) locates lakes/years alonguarophication gradient, from the nutrient-
poor and transparent lake/year conditions (Braw)ido nutrient-rich and turbid lake/year
conditions (Nemi in 1982 and 1976). Lakes were atsoanged along gradients of
deoxygenation for sublittoral/profundal zones amdvater transparency for the infralittoral
vegetation zones. The ANOSIM analysis shows sicguifi differences among lake/years for
all the three benthic zone (eulittoral: R=0.57, 40 infralittoral: R=0.76, p<0.01;
sublittoral/profundal: R=0.55, p<0.01). SIMPER résundicate for each depth zones those
taxa contributing at higher level to dissimilarityetween pairs of lake/years grouped
following OECD (a cut-off of a cumulative percentagf dissimilarity of 60% was applied,
Table 4).In the eulittoral, 23 taxa were selected of whidhwlere oligochaete species and 9
chironomid taxa. In the infralittoral zone, 31 éaxppeared to be indicators of eutrophication
level, representing diverse taxonomic groups (elhgde naidids, large crustaceans, acariens
and several order of insects). Finally, in thefgpndal zone 15 taxa are potential indicators of
lake trophic level, mostly belonging to oligochagterustaceans and chironomids. The
species traditionallyeferred aseutrophic” species (such as those belongingdtamothrix
andLimnodrilus, other species or group of species belonginghioonomus andProcladius)
showed no clear trophic preference in all the tlweaes. Exception werBotamothrix
heuscheri in the eulittoral andChaoborus flavicans and Chironomus plumosus group in the
sublittoral/profundal zone that were classifiedhia meso-eutrophic group.

Figure 2. Plot of the first two axes of NMDS on taxa presence/absence of all 3 lake zones together (a)
and separately (b-d). Ellipses depict samples belonging to the same lake/year (in blue: oligotrophic
state, in red: eutrophic-hypereutrophic state).
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Testing of selected metrics based on macroinvertebrates

We adopted the following criteria to test if a givgualitative metric could be a useful
indicator of lake trophic level: the metric eithesherently increases or decreases with lake
trophic group (defined by OECD scheme) and the imethows a statistical significant
difference at least between oligotrophic and eaghic conditions (no overlap between, at
least, the values for the two extremes of the timgiadient). All metrics tested here are
showed in Table 4 and only metrics meeting thogeirements are showed in Figure 5. The
richness of both sensitive and tolerant taxa antlustan+large crustacean taxa, showed the
above mentioned patterns with increasing of euiggpion in all the three lake zones, with
the exception of the number of tolerant taxa in gbblittoral/profundal zone which showed
differences only between oligotrophic and oligo-otesphic lakes. For sublittoral/profundal
zone also total taxa richness, BMWP and ASPT sdm&iminated lakes of different trophic
condition. It is interesting to note that in thebbtioral/profundal zone the number of
molluscan+large crustacean taxa and the ASPT sseeened to be more sensitive to
eutrophication than other metrics because theyithgtated more trophic levels.

Table 3. List of sensitive (oligotrophic and oligo-mesotrophic taxa) and tolerant (meso-eutrophic and
eutro-hypereutrophic taxa) macroinvertebrates based on the dissimilarity (SMPER analysis) between
pairs of different lake typologies (a cut-off of a cumulative percentage of dissimilarity of 60% was
applied) and on the literature data. Taxa reported only in the literature are indicated by a number
referring to references as following: 1= Saether (1979), 2 = Wiederholm (1980), 3 = Mouthon (1993), 4
= Lang (1990), 5 = Milbrink (1993), 6 = Lafont et al. (2010).

SENSITIVE TAXA
Eulittoral sand

Aelosoma hemprich, Chaetogaster diaphanous, Amphichaeta leydigii, Nais christinae, Pristina longiseta,
Paratendipes, Stictochironomus, Paracladopelma, Tanytarsus,Cladotanytarsus, Micropsectra * 2Microtendipes
1.2 pisidium spp.?

Infralittoral vegetation

Nais christinae, Dero sp.,, Echinogammarus veneris,Palaemonetes antennarius,Centroptilum sp., Cloeon simile
or., Procloeon sp., Psectrocladius sp., Larsia sp., Paratendipes sp., Dicrotendipes, Tanytarsus sp., Ecnomus
tenellus, Leptocerus sp., Limnesia sp, Acercus sp., Halacaridae indetTheodoxus fluviatilis, Hydrobiodea
indet.Micropsectra® 2

Sublittoral/Profundal

Psammoryctides barbatus ,Aulodrilus pluriseta, Spirosperma velutinus, Lumbriculidae indet.Echinogammarus
veneris ,Niphargus sp., Proasellus coxalis gr., Micropsectra sp. ;Tanytarsus sp., Microtendipes pedellus gr.,
Paratendipes albimanus gr., Pisidium sp., Theodoxus fluviatilis ® ,Bithynia tentaculata * ,Potamopyrgus
antipodarum® Valvata piscinalis ® ,Physella acuta ? ,Planorbella sp.* Acroloxus lacustris * ,Belgrandia latina ®

TOLERANT TAXA
Eulittoral sand

Hydra sp., Nais barbata, Nais pardalis, Branchiura sowerbyi, Potamothrix heuscheri, Psammoryctides
barbatus, Caenis luctuosa, Micronecta, Psectrocladius sordidellus, Procladius, Polypedilum nubeculosum gr.,
Glyptotendipes, Ceratopogonidae, Culicoidina€hironomus sp. » ? ,Dero digitata ® Tubifex tubifex * > °
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Potamothrix hammoniensis * > °Limnodrilus hoffmeisteri * > ° Limnodrilus claparedeianus * * ® Limnodrilus
udekemianus * * ®Limnodrilusimmatures" > ©

Infralittoral vegetation

Nais barbata, Nais pseudobtusa, Caenis luctuosa, Pyrrhosoma nimphula, Erythromma viridulum, Ischnura
elegans, Psectrocladius sordidellus, Cricotropus sylvestris , Ceratopogonidae ,Culicoidina€pleoptera indet.,
Lymnaea auricularia (Radix cf. auricularia), Planorbella sp.,

Sublittoral/Profundal

Chironomus plumosus gr., Chaoborus flavicans, Chironomus sp % Dero digitata °, Tubifex tubifex * >
Potamothrix heuscheri * * © Potamothrix hammoniensis * * & Limnodrilus hoffmeisteri * > © Limnodrilus
claparedeianus * * ¢ Limnodrilus udekemianus * * © Limnodrilus immatures” > ©

4.4 Discussion and Conclusion

Our results showed that the driving factors affegtinacroinvertebrate diversity were
first the lake zone and second the eutrophicattatus. This probably reflect the fact that
macroinvertebrate taxa of the three zones are tarmally and functionally (as habit and
food preferences, cf. Cummins & Wilzbach 1985, Me& Cummins 1996) different. In the
sandy eulittoral, most of taxa (oligochaetes, bigaland some chironomids) were borrowing
and collector/shedder elements, whereas the mageplssociated taxa (such as acariens,
large crustaceans, several order of insects, gmgts) containing high numbers of mobile
forms (climbers, sprawlers and swimmers) and scisipeedder/piercer forms. In the
profundal zone, macroinvertebrates showed againremlominance of burrowers and
collectors/shedders. Predators were present inthete zones. Despite these general
observations, nogualitative metric based on functional feeding group was d¢ated
coherently with the pressure gradient, suggestiag those metrics might be valuable only
coupled with organism abundance estimates.

The multivariate analysis also suggest that comtimsbelonging the three zones
should be treated separately to get an unbiasedchiation on macroinvertebrate responses to
disturbances. It is known that, besides the nuteemichment, the profundal community can
be affected by hypolimnetic oxygen depletion and&diment toxic contamination (Bazzanti
& Seminara 1987b, Lafont et al. 2010). The macreitebrate associated with the infralittoral
vegetation are mainly affected by water transpareredated to trophic status (Cyr &
Downing 1988, Piecaska et al. 1999 whereas the eulittoral community can be also
affected by hydromorphological alteratigifg@odensen et al. 1998, Brauns et al. 2007).

Metrics based on lake zone specific sensitive atetant taxaand on molluscan+large
crustacean taxa (MOLCRUR and related) are poténtsalitable to assess ecological status
because their values decreased with disturbancgrawiied separation of the lakes situated
at the extremes of the trophic scale. Because tegepce of species along the lakes with
different trophic levels depends by the availapilif suitable habitats, the list of trophic
sensitive taxa varies according to the lake zondditfonally, as already stated, the
assemblages of the three lake zones are not rasgandhe same way to eutrophication. As
previously stated, in addition to eutrophicatioegsure, the eulittoral can be influenced by
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hydromorphological modifications of lake shores &he simultaneous effects of these two
pressures are probably the cause of the weakesneswf selected metrics in this zone with
respect to the other two zones. These resultsharse treported in the literature (Brodensen et
al. 1998, Brauns et al. 2007) highlight that furtbiidies on different eulittoral substrates are
necessary to correctly assess the ecological stéathe eulittoral of lakes.

The other taxa richness metrics tested in thisyssggmed less efficient in depicting
correctly the trophic gradient in the three lak@es In particular, chironomid taxa richness
showed not significant results along lake eutropinon gradient in none of the three benthic
zones. This is a surprising finding because chinode represent one of the major numerical
constituent, both as species number and abundaoicégshwater macroinvertebrates, and
have been widely used for biological assessmentenfic waters (cf. Saether, 1979;
Wiederholm 1980; Rosenberg & Resh 1993). In thjgepaespecially for both vegetated and
sublittoral/profundal zones we individuated somedyndicators belonging to this dipteran
family, such asMicropsectra sp., Patatendipes albimanus group, Microtendipes pedellus
group, which well discriminated oligo-mesotrophanditions from eutrophic ones. Although
the adoption of chironomid species as metric migbse some difficulties of taxonomic
identification, we advocate the need to includes thioup for lake bioassessment studies
considering also the information coming from thalbundances. Also the metric EOTC
showed no clear relation to eutrophication, becalkéhese four orders of insects contain
both sensitive and tolerant taxa. It is the case,ekample, of the ephemeropter@aenis
luctuosa which is indicator of eutrophic waters in our studoth for eulittoral sand and
infralittoral vegetation zones, wherea€loeon simile resulted more sensitive to
eutrophication. Some metrics like richness of Odarspecies (ODONOR) showed a barely
significant difference among trophic levels only time infralittoral vegetation. The total
number of taxa, the BMWP score, and especiallyA88T score, gave good results only for
sublittoral/profundal zone of the studied lakesisTis a surprisingly result because most of
pollution-sensitive families of insects usually @okze the littoral of lakes and a good
response of these indices should be expected timeleed, the BMWP and ASPT methods
are widely adopted for running waters, but theiplmation to lake macroinvertebrates are
still infrequent (i. e. Johnson 1998, O'Toole et2008), so further studies need to test their
applicability to lake littoral. In the sublittoragklofundal, especially deoxygenation plays a
major role as a structuring agent of the commusiiad, consequently, as determinant of
these qualitative indices values. BMWP and ASPTesciherefore, could be very promising
tools for the evaluation of ecological conditiohthbis benthic zone, where the biological
diagnosis usually requires generic or specific fifieation of the most abundant and
diversified groups, such as oligochaetes and cbiods (Saether 1979, Wiederholm 1980,
Lang 1990, Lafont et al. 2010) with great proceg&ffort and taxonomic expertise.

In conclusion, we have used a statistical appréachdividuate potential metrics and
macroinvertebrate taxa indicative of eutrophicatiothe three zones of Mediterranean lakes.
The list proposed in Tables 3 and 4 can be uset ftarting point in developing indicator
species and indices to be assembled into along wotiter abundance based metrics to
formulate a multimetric index for lake eutrophicetiproposals. At this stage, these indices
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can represent valid diagnostic tools to be usedtoveillance of the same lakes in the future
and of other lakes with different typologies, agithbenthic components are commonly
distributed in most European lakes (and also elsesyh
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Figure 3. Box-plots of six selected metrics of the study lakes cumulated according to their trophic

states (O=oligotrophic, OM=oligo-mesotrophic, ME=meso-eutrophic and EH=eutro-hypereotrophic).
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Table 4. List of metric tested in this study. We report here as yes or no the coherence of relationship
with eutrophication and the statistically significant differences between the oligotrophic lake/years and
eu-hypereuthrophic lake/years.

Relations

hip , _ Sublitt

coherent Eulit Infralit

with toral toral oral/

ecologica san Veget Profun
Metric | theory d ation dal
CHR Richness composed of midges yes no no no
COLEOPR Richness composed of Coleoptera yes no no no
DIPR Richness composed of Diptera yes no no no
EPEMR Richness composed of mayflies yes no no no
EPTCBO Richness composed of mayflies, stoneflies,
caddisflies, Coleoptera, Bivalvia and Odonata yes no no yes
EPTR Richness composed of mayflies, stoneflies, and
caddisflies yes no no no
ETO Richness composed of mayflies, caddisflies and Odonata yes no no no
ETO_CHR Ratio of ETO richness to midge richness yes no no no
ETOC Richness composed of mayflies, caddisflies,Odonata and
Coleoptera yes no no no
GASTROR Richness composed of Gastropoda yes no no no
MOLCRUR Richness composed of molluscs and crustaceans yes yes yes yes
NCHDIPR Richness composed of non-midge Diptera yes no no yes
NONINSR Richness composed of non-insects yes no no no
ODONOR Richness composed of odonates yes no yes no
OLIGOR Richness composed of Oligochaeta yes no no no
ORTHO_CHR Ratio of orthoclad richness to midge richness no
ORTHOR Richness composed of Orthocladinae midges yes no no no
RICH Total richness (number of non-ambiguous taxa) yes no no yes
TANY_CHR Ratio of Tanytarsanii richness to midge richness yes no no no
TANYR Richness composed of Tanytarsanii midges yes no no no
PR_Rich Richness composed of predators No
OM_Rich Richness composed of omnivores No
GC_Rich Richness composed of collector-gatherers No
FC_Rich Richness composed of filtering-collectors No
SC_Rich Richness composed of scrapers No
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Table 4. Continue

Relations

hip , _ Sublitt

coherent Eulit Infralit

. oral /

with toral toral

ecologica san Veget Profun
Metric | theory d ation dal
BMWP Biological Monitoring Working Party metric yes no no yes
ASPT Average Score per Taxon yes no no yes
EUL_SAND_TOL Richness of tolerant taxa in eulittoral
according to Table 3 yes yes no no
VEG_TOL Richness of tolerant taxa in infralittoral according to
Table 3 yes yes yes no
PROF_TOL Richness of tolerant taxa in profundal according to
Table 3 yes yes yes no
EUL_SAND_SEN Richness of sensitive taxa in eulittoral
according to Table 3 yes yes yes yes
VEG_SEN Richness of sensitive taxa in eulittoral according to
Table 3 yes yes yes no
PROF_SEN Richness of sensitive taxa in eulittoral according to
Table 3 yes no yes yes
EUL_SAND_sen_tol Richness sensitive / richness tolerant taxa
in eulittoral yes yes no no
VEG_sen_tol Richness sensitive / richness tolerant taxa in
infralittoral yes no no no
PRO_sen_tol Richness sensitive / richness tolerant taxa in
profundal yes no no yes
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Chapter 5. Effect of catchment Iland use on littoral
macroinvertebrate response to local habitat structu re and trophic
state

Eleine McGoff, Leonard Sandin

5.1Introduction

Human pressures can result in clear changes toomaertebrate communities in lakes.
Anthropogenic eutrophication continues to be a m#joeat for many lakes, substantially
altering the ecological communities (Brauns et 2007a). Agriculture, for example, can
greatly affect macroinvertebrate communities boitleatly through cultural eutrophication
(Brodersen et al., 1998; White and Irvine, 2003) ardirectly through habitat alteration of
lake shores (Brauns et al., 2007b) or through réoluén structural complexity in the littoral
zone of lakes (Donohue et al., 2009a; Egertson.,e2@04; Scheffer et al., 1993). However,
clear patterns in the response of littoral macreitebrates to eutrophication are lacking,
possibly due to the structural complexity and paiess of the littoral environment (Tolonen
et al., 2001). Previous work in Danish lakes foonty a few species related to trophic status,
whereas lake morphometry influenced the majorityhaf species (Brodersen et al., 1998),
and Johnson and Goedkoop (2002) found that trogfai® was not the main predictor for
Swedish lakes, with other environmental factorslarmg most of the variation from stony
wave washed shores.

Previous studies have highlighted the importanceoti the littoral and the riparian zone for
macroinvertebrates. Littoral zones of lakes areemgulof a multitude of habitats, comprising
various sediment size, plant species, and comnesrofi submerged and emergent vegetation.
Work done by White and Irvine (2003) on differemtbltats within one lake found distinct
community compositions for specific littoral mesbhats. A few studies have attempted to
link macroinvertebrate community structure with mfp@s in trophic status of lakes and
substrate characteristics, with conflicting viewseeging. Tolonen et al. (2001) examined
effects of various substrate types and trophiaustatithin lakes on the macroinvertebrate
community. They found that substrate had a moreornapt role to play in invertebrate
assemblages. This conflicts with the findings of it&hand Irvine (2003) who found that
physical, chemical and environmental variables leadyreater impact on invertebrate
assemblages than substrate type. This may be dwitite smaller size of the lakes in the
White and Irvine study (Tolonen and Hamalainen,@adr the limited nutrient range in the
Finnish lakes (White and Irvine, 2003).

Riparian zones also comprise a mosaic of landf@ntsenvironments undergoing a variety
of natural disturbances. The characteristics of rtharian zone have been found to affect
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abundance, composition, richness and distributibmacroinvertebrates owing to habitat
availability and the nutritional resources in threaa (Giudicelli and Bournaud, 1997). This
gives rise to an environmental mosaic with few [alsain other systems, causing these
aguatic-terrestrial ecotones to display highly efightiated environments (Naiman and
Décamps, 1997). However, there is a scarcity oflabda information on lake ecotones
compared with either the terrestrial or open watevironments alone (Piearska, 1990).
Habitat features and complexity, both in the rigarand littoral zones can greatly influence
the composition and abundance of macroinvertebratésacroinvertebrate assemblages
integrate changes in the physical, chemical andbgmal environment of their habitat over
time and space (Pinel-Alloul et al., 1996). As stioby are likely to change in response to
differing aspects of lake hydromorphology amongssiand lakes, and the characteristics of
the area can affect abundance, composition, rishaed distribution of macroinvertebrates
owing to habitat availability and the nutritiona¢sources in the area (Giudicelli and
Bournaud, 1997).

Lake habitat alteration is a major stressor foetakorldwide, and Paulsen (1997) stated that
physical habitat alteration is likely the biggebteat to aquatic ecosystems, exceeding all
other anthropogenic pressures. The text of the fgaamo Water Framework Directive
(European Commission, 2000) requires the use shivater biota for determining the quality
and status of fresh and marine waters, and recegrigdromorphological alteration as a
potential impact on the composition and abundaridease communities. When using such
organism groups it is essential to determine howhmeffect both natural variation and
anthropogenic stress has on the communities (Tegal., 2007), and knowledge of the
ecological linkages is necessary to understand tlwanges in land use will affect aquatic
communities (Johnson and Goedkoop, 2002).

This study sought to elucidate which group of Valea was the most important for describing
the Swedish littoral biotic data: trophic statusbstrate variables or riparian variables, and
what influence each of these groups of variable® lvem each other. Different features in both
the riparian zone and the littoral zone have beemd to be highly influential for various
macroinvertebrate groups (Gerrish and Bistrow, 1$¥&@rison and Hildrew, 1998; Harrison
and Harris, 2002; McGoff and Irvine, 2009; Taniguaehd Tokeshi, 2004; Tolonen et al.,
2003; Tully et al., 1991; Winterbourn and CroweQ2)) but to the authors knowledge there
has been no previous attempt in the publishedatitee to partition the variance in littoral
macroinvertebrates into that independently expthibg riparian habitat variables, littoral
substrate variables and trophic status of a lake.impact of large scale land use patterns will
also be investigated, to determine if macroinvedtds respond to different variables in
different land use classes. To investigate thislakes are divided into two groups, those
termed agricultural lakes, which have greater thd¥b agriculture in their catchment and are
judged to be antropogenically impaired, and thesenéd forestry lakes, which have more
than 70% forestry in their catchment, which aregpdito be natural lakes. Our hypothesis is
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that the signal would be clearer in the naturaé$akvith more variation being explained in
the macroinvertebrate community and less noise festhropogenic influence. We also

hypothesise that the agricultural lakes will bduahced more by the nutrient variables than
the forestry lakes, with the habitat variables akxphg more of the variation in the forestry

lakes as nutrient levels should be lower and themterting less influence. Community

heterogeneity is also expected to be lower in grealtural lakes owing to a homogenisation
effect of the nutrients. We will investigate whatheacroinvertebrate communities in

impaired and natural lakes differ in their respotwsical habitat and nutrient descriptors, and
how the different environmental descriptors affiet variation in the macroinvertebrate data
set among different land use types.

5.2 Methods

Data collection and taxonomic resolution

The data set used was a subset of the Swedismaktake survey on 678 lakes (Johnson,
2000; Wilander et al., 1998), carried out in 200@asures were taken to ensure the reliability
of this data set: macroinvertebrates were samplaa stony bottom littoral regions in the
autumn of 2000 to reduce both spatial and tempa@rahbility. Samples were collected using
a standard 0.5 mm mesh, 25x25 cm kick net. Fiv& kmmples were taken in each site,
comprising a total area of 1.25 m2, and each kickde comprised a kick along a 1 m stretch
for 20 seconds. All five samples were then pootedrie sample for analysis. Samples were
subsampled if it was judged that sorting would exic2 hours. Taxonomic identification was
carried using a predetermined list of 517 operédpenomic units decided by expert opinion
(Wilander et al., 1998). Taxa were identified te thwest taxonomic unit possible, generally
species, except for oligochaets and chironomids.sAmples were sorted and identified
according to quality control and assurance progcdtor more detailed description of the
sample processing see Wilander et al. (1998). Hia det was taxonomically harmonised
prior to analysis to ensure coherence throughaud#ta.

Sample sites

For this study we wanted to test if there was &erbhce in benthic communities between
disturbed and natural catchment land use lakesdanmled to compare those lakes affected
by agriculture with the more natural forestry lakas there is large differences between the
ecoregions in Sweden (Johnson and Goedkoop, 200#23s decided to only compare lakes
within the same region, which in this case was rhiged forest region of Sweden, llles
ecoregion 14, comprising sites in the nemoral, @oeenoral and sourthern boreal, done in
accordance with Johnson (2003). Any lake catchmetiit more than 10% agriculture was
deemed an ‘agricultural’ lake, and lake catchmenmith more than 70% forestry were
classified as ‘forestry’ lakes. Corine informatiaras used to determine the percentage of
land use falling into both of the chosen land ugees$ using Swedish Land Cover Data or
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Svenska Marktackedata (SMD) which is a produchef@ORINE land cover data from 2000.
80 lakes were randomly chosen in each land use,dasng a total of 160 lakes.

Habitat descriptors and chemical analysis

The sites where macroinvertebrates were sampled gassified according to substrate type
and vegetation cover. Six substrate classes, rgrigim silt/clay to block, two classes of
detritus cover, fine and coarse, and eight clagdegegetation, e.g. emergent vegetation,
floating leaves etc were classified using four gates: <5%, 5-25%, 25-75% and >75%.
Using this same categorical classification schehee rtparian zone was also surveyed in
shoreline stretches 50 m long and 30m, adjacetitetc@ampling site. Eleven categories were
used for riparian land use and vegetation covey, mixed forest, arable, clear-cut etc.
Furthermore, shoreline characteristics were alsess®d in a band 5m and 50 m long
alongside the sampling site, 5 categories were, esgdpresence of riparian trees and canopy
cover. These substrate and vegetation classesiidherf outlined in Table I, Appendix. The
habitat descriptors were divided into two groups fiother analysis 1) substrate variables,
which described the in lake substrate and vegetabi@sent, and 2) riparian variables,
incorporating the shore and riparian habitat vaesblin addition, water samples were taken
for each site for analysis, and were analysed daogrto international (ISO) or European
(EN) standards, when available. Nutrient variablese extracted from the water chemistry
data for analysis of the 160 lakes, these weré pbtasphorus, total nitrogen, NO2, NH4 and
total organic carbon.

Statistics

Community composition was analysed using PERMAVOYAthe PRIMER statistical
package (Anderson et al., 2008). PERMANOVA testdhe simultaneous response of one or
more variables to one or more factors in an ANOW&Iign, on the basis of any resemblance
measure, using permutation methods. PERMANOVA taBegeometrical approach to
MANOVA, by calculating the distance among pointshin a group, and then calculating the
distance among groups, and using these as the $wquares, similar to the ANOVA
measures. A pseudo F statistic is calculated, wisi@malogous to the F statistic in ANOVA,
but it does not have a known distribution under the null hypothesis. The p value is
calculated by permutation (or randomization) tegbei For our data, the community
composition was first 4th root transformed to domight the importance of abundant
species, and allow rarer species to exert someenfle, and a Bray Curtis similarity matrix
was generated. Non Multi Dimensional Scaling (MO&sed on the transformed Bray-Curtis
resemblance matrix, was used to visualise the camtynaomposition (Clarke and Warwick,
2001). PERMDISP (Anderson, 2006) was used as auneaf compositional heterogeneity
of macroinvertebrates. PERMDISP is a distance b#sstdof homogeneity of multivariate
dispersions among groups of a single factor, anesgentially a multivariate extension of
Levene’s test (Levene, 1960)
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RELATE was also used in the PRIMER package to nreasow closely related two sets of
multivariate data are (Clarke and Warwick, 2001he Tunderlying resemblance matrices of
two sets of multivariate data are compared usirfg§paarman rank correlation coefficient,
similar to a Mantel test but with rank correlatiomstead of Pearson correlations. The
matching coefficient, rho, falls in the range oftell, with values around zero indicating no
match between the two matrices. The significandaisfresult is tested with a non parametric
form of the Mantel test, where the sample labels wndomly permuted and rho is
recalculated to build up a frequency histogram withich the true values of rho can be
compared, and a p statistic generated (Clarke amkk 2006).

Detrended correspondence analysis (DCA) (ter Brab#88; ter Braak, 1990) with
downweighting of rare taxa, detrended by segmeras used to determine the biological
turnover, indicating that a unimodal model wouldtoguit the data (gradient length >2), and
hence CCA was used. The downweighting option wase to reduce the influence of rare
taxa. Forward selection with Monte Carlo permutatiests (p <0.05) was used to select the
least number of important variables. This analyss performed using CANOCO version 4.5
(ter Braak and Smilauer, 2002).

Partial CCA (pCCA) analysis was used to decompbsevariance explained by each of the
variable groups for the macroinvertebrate commumbmposition, as well as residual
unexplained variation. All significant variables akosen by the permutation tests were
included in the analysis. Total variation was pientied into 1) that explained by substrate
variables after removing the effect of riparian amdrient variables 2) that explained by
riparian variables removing co-variation from th@ey groups 3) that explained by nutrient
variables removing co-variation from other groupsl &) the variance explained by the
crossover of the variable groups. This was detezthiby running the variable group of
interest as a predictor variable, and the otherakibe groups as the co-variables. pCCA
analysis was done with the Vegan package (Oksahe.,e2008) using the R program
(version 2.12.1).

5.3 Results

Land use effects on the environmental variables

PERMANOVA analysis indicated significant differeiscbetween forestry and agriculture in

all variable groups (substrate, riparian, nutrig(ifable 1)

Table 1. PERMANOVA table of results for the differencesween agriculture and forestry
lakes in terms of substrate, riparian and nutnmniables.

Source df SS MSPseudo-F P(perm)
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Substrate

Landuse 1 695 69.5 3.9 0.001
Residual 158 2792.5 17.7

Total 159 2862

Riparian

Landuse 1 772 77.2 4.94 0.001
Residual 158 2466.8 15.3

Total 159 2544

Nutrients

Landuse 1 994 994 226 0.001
Residual 158 695.6 4.4

Total 159 795

As expected, the TP values from agricultural lakese much greater than the forestry lakes
(Agriculture TP range: 3-118 ug/l, TP mean: 23.7 26 pg/l; Forestry TP range 4-33 pg/l,
TP mean: 12.2 +/- 2.3 pg/l). However, primer RELAiFicated no relationship between
either substrate variables and riparian varialdesubstrate and nutrient variables, or riparian
and nutrient variables, with values close to zeralfl of these matches (substrate vs. riparian:
rho=0.11, p=0.6%; nutrient vs. substrate: rho=-0,0p=75.8%; nutrient vs. riparian:
rho=0.047, p=13.7%).

Macroinvertebrate community composition was als@gnificantly different between
agriculture and forestry (PERMANOVA p<0.05) (Tal®2¢ (Figure 1), indicating that the
catchment land use had a significant impact on conitys composition. Although the data is
not well represented in the 2 dimensional MDS, raicated by the high stress value, the
difference in dispersion of sites between agriceltand forestry can be deciphered (Figure 1).
The 3D representation more clearly depicts theifsigmt difference between agriculture and
forestry community composition (Figure 1). Mean kdian distance of samples to the group
centroid was greater for agriculture compared wihestry lakes, indicating a higher
dispersion, or compositional heterogeneity, in d@lgeicultural macroinvertebrate community
composition than that in the forestry lakes (PERBIPp<0.05) (Table 2).
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Figure 1: MDS 4" root transformed, Bray Curtis similarity of agrtwe and forestry
community composition (2D stress=0.28, 3D stresz=0.

Table 22 PERMANOVA and PERMDISP table of results for theaaroinvertebrate
community composition between agriculture and fioyes

PERMANOVA | df SS MS Pseudo-F  P(perm)
Landuse 1 10027 10027 4.3 0.001
Residual 158 366750 2321.2

Total 159 366750

PERMDISP Mean Euclidean distance  S.E. P (perm)

Agriculture 49.3 0.74 0.001

Forestry 46.3 0.72

Variance partitioning

Fourteen variables were retained in the pCCA matftel forward selection and Monte Carlo

permutation tests

for all lakes; nine variablesem@tained in the CCA model for agricultural

lakes, and ten were retained for forestry lakeblg@ 8).

When all lakes were analysed together, 13% of theation in the macroinvertebrate

community composition could be explained by oureéhrcategories; substrate had a

significant effect,

accounting for 52% of the expé&d variation. The same pattern was found

in both agricultural and forestry lakes, with 10a#d 13% of variance explained respectively

by all three categories, and with substrate asptiteary driver of this variance. Substrate

variables explained over 57% of the variance incagiural lakes, and 71% of the variance in

forestry lakes (Figure 2). Riparian variables ekyd the most variance after substrate, with

nutrients explaining the least fraction of the #réess than 15% of variance in all cases

(Figure 2).
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Table 3: Variables retained in the direct gradient analysisforward selection for 1) all

lakes, 2) agricultural and 3) forestry lakes withvériance explained as given by forward

selection in CANOCO

Variable p N %
category Variable explained
1) All Lakes
Substrate pebble 0.001 0.10 9.40
Substrate sand 0.001 0.05 5.04
Riparian mire 0.001 0.04 4.25
Riparian arable 0.001 0.04 4.06
Riparian upland 0.008 0.03 3.36
Substrate rosette 0.001 0.03 3.26
Substrate FOM 0.005 0.03 2.87
Substrate coarse dead 0.005 0.03 2.77
Nutrient TN 0.015 0.03 2.57
Nutrient TOC 0.01 0.03 2.57
Substrate Emergent veg 0.015 0.03 2.47
Nutrient NH4 0.025 0.03 2.47
Nutrient NO2 0.048 0.02 2.37
Substrate Gravel 0.031 0.02 2.37
2) Agricultural lakes
p A%
Variable explained
Substrate Pebble 0.001 0.13 7.08
Substrate Moss 0.01 0.06 3.48
Substrate Sand 0.011 0.06 3.15
Substrate Rosette 0.032 0.05 2.87
Nutrient NO2 0.001 0.09 4.83
Nutrient TP 0.001 0.08 4.33
Riparian Arable 0.001 0.07 4.04
Riparian Mire 0.006 0.06 3.54
Riparian Artificial 0.031 0.05 2.87
3) Forestry lakes
p A %
Variable explained
Substrate Gravel 0.001 0.11 7.61
Riparian 0.001 0.08 5.67
Riparian Upland 0.004 0.06 3.88
Substrate Cobble 0.001 0.05 3.60
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Substrate Coarse dead 0.003 0.05 3.53

Substrate Sand 0.008 0.05 3.25
Substrate Emergent 0.004 0.05 3.25
Substrate FOM 0.009 0.05 3.18
Substrate Fine sediment 0.022 0.04 2.98
Nutrients  NO2 0.041 0.04 2.84

14.6 % &
Nutrient

11.9% Riparian

20.3% Ripar-
ian

A. All Lakes

B. Agriculture C.Forestry

Figure 2: Partitioning of the explained variance of the mawertebrate community
composition in all lakes, agriculture lakes andestry lakes according to three categories,
substrate, riparian and nutrient independently hwitteractions among all three sets of
variables (S=Substrate, R=Riparian and N=Nutrient).

Substrate

Substrate, as the most important category for @xp macroinvertebrate variation, was

further examined. Four substrate classes wereeohokich were determined to be indicative
of either hard and soft substrates (Table 4). A%héakes sites which scored highest, i.e. had
the largest amount of this habitat, in the sofegaties in the original habitat survey were

classified as soft, and the same applied for 2&dak hard categories.

Table 4: Substrate classes used to classify sites intb dvaal soft

Soft substrate categories Hard substrate categorie
Fine sediment Gravel

Fine organic matter Cobble

Coarse organic material Pebble

Emergent vegetation Coarse block
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Significant differences in community compositionreséound between hard and soft substrate
communities in both the agricultural and forestitgs (PERMANOVA, P<0.05) (Table 5,

Figure 3). These differences are visible in the M@d8spite the high stress level for both
agriculture and forestry lakes (Figure 3). Thisigates that although sites were already
stratified to be stony wave washed shores, therg stid a substrate gradient leading to

differences in the community composition.

Table 5: PERMANOVA table of results for macroinvertebra@mmunities from agriculture
and forestry lakes

Agriculture
Source df SS MS Pseudo-PF(perm)
Su 1 10386 10386 4.5678  0.0001
Res 48 109140 2273.7
Total 49 119520
Forestry
Source df SS MS  Pseudo-F(perm)
Su 1 6193.46193.4 2.9973 0.0001
Res 48 99185 2066.4
Total 49 105380
A. Agriculture B. Forestry )
Substrate Substrate
v H v H
M v v \ & v v S
\ A4 ¢ v v v Vv
Vv
vV v v v Vvy
AR v, A
A Y wv Vv
v v v
v v

Figure 3: MDS of 4" root transformed community composition with Brayr@@s similarity of
agriculture and forestry hard and soft sites. @diure stress= 0.22, forestry stress=0.27)

When the 25 hard sites for each agriculture anestoy were assessed using forward
selection, nutrients, in the form of nitrogen, wermmportant for stratifying the
macroinvertebrates in the agricultural sites, bait in the forestry sites (Table 6). Riparian

variables explained more variation in both forestnyd agricultural lakes. Mire was the
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individual variable explaining the most variatian both lake types, with canopy cover and

presence of trees also explaining significant anteahthe variation in agricultural lakes.

Table 6: Variables retained in the direct gradient analysy forward selection for riparian
and nutrient variables in 25 hard sites from adca and forestry

p A % explained

Agriculture Mire 0.01 0.193 10.7

NO2 0.01 0.175 9.7

NH4 0.01 0.134 7.4

Canopy cover 0.01 0.134 7.4

Trees 0.05 0.119 6.6

TN 0.05 0.105 5.8
Forestry Mire 0.01 0.266 14.5

5.4 Discussion

Catchment land use differences

Macroinvertebrate community composition differegngiicantly from agriculture to forestry
lakes. This is in keeping with findings by Johnsand Goedkoop (2002), which also
highlighted the importance of ecoregion and cataitmeharacteristics for predicting
macroinvertebrate communities in Swedish lakes. yThlwnjectured that catchment
characteristics may set the upper limits and tlested within these limits the local factors
become important. However, not all researcherseagand although we found a significant
difference in this study, this is not always thesecaThis is highlighted in the review by
Hawkins et al (2000) who summarised that althougdregion and catchment characteristics
may account for more than a chance amount of buati@bility, the classification strength of
these for macroinvertebrates community composit@s still weak, and the relationship

between benthic invertebrates and catchment clesistats was poorly understood.

The substrate and riparian variables also diffeigdificantly between land use types. This is
not unexpected, as landscape scale variables ¢aenoe the smaller scale habitat level
characteristics, and hence the community compeosi{@ohnson and Goedkoop, 2002).
However, interestingly, when tested, there waslearaelationship between the riparian and
substrate variable groups themselves. Previous WwgrRrauns et al (2007b) has shown the

relationship between shoreline habitat alteratiod a consequent reduction in the habitat
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heterogeneity in the littoral zone of the lake, hwiknock on effects on the littoral
macroinvertebrates. However, in this case, possibiyng to the absence of a clear alteration
pressure within the riparian zone, the relationdbgpveen riparian and substrate variables

was not found.

No relationship was found between the nutrients #wedsubstrate or riparian variables, but
the nutrients did differ significantly with land eisSeveral studies have demonstrated the
impact of land use on water chemistry in lakes @wdet al., 2005; Harper and Stewart,
1987; Kizuka et al., 2008), indicating that lakdriants are often related to land use over a
much larger area, such as the catchment. As tedethe nutrient levels were higher in
agricultural lakes compared with forestry lakes.wdwer, interestingly, the compositional
heterogeneity of macroinvertebrate community contijppswas greater in agricultural sites
than in forestry sites. This is surprising givendings by Donohue et al (2009a) who found
that nutrient rich lakes has significantly more lig®nous benthic assemblages than nutrient
poor lakes. However, the nutrient rich lakes in Blune et al (2009a) were those with a TP
value above 35 ug/l, and the average TP for ouicalgrral lakes was 23 ug/l. Tolonen
(2005) found a unimodal relationship between taghness and trophic gradient, possibly
indicating that intermediate disturbance enhangeciss richness (Cornell and Lawton,

1992), and in our case possibly leading to in@éa®mpositional heterogeneity.

Substrate and nutrient effects on macroinvertebrates

This study highlighted the importance of substadieve either riparian or nutrient variables
for macroinvertebrates in Swedish lakes, with salbstexplaining the largest proportion of
the variation in community composition in all lak&everal other studies have attempted to
link macroinvertebrate community structure with mfp@s in trophic status of lakes and
substrate characteristics, with conflicting viewseeging. Toloneret al. (2001) examined
effects of various substrate types and trophicustatithin lakes on the macroinvertebrate
community. They found, similar to our findings, tisubstrate had a more important role to
play in invertebrate assemblages than nutrients ddnflicts with the findings of White and
Irvine (2003) who found that trophic state had eater impact on invertebrate assemblages
than substrate type. White and Irvine (2003) hgjttlithat the trophic range of the lakes
within the Toloneret al. (2001) study were much narrower than those exadnlry them, and
may lead to misrepresentative data based on towowa range. Tolonen & Hamalainen
(2010) concluded that the differing results maytaéng to the size of the lakes studied, with
a more heterogeneous network of substrate patohtteilarger Finnish lakes. However, in
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this study we also highlighted the importance obsttate, and the Swedish lakes were
comparable in size to White and Irvine (2003) amad la much greater TP range than the
Finnish lakes studied by Tolonen (2001). Our TRyeaof 4-118 pg/l, the White and Irvine
(2003) study was 1-344 pg/l, and the Tolonen e{28103) study was 3-26 ug/l. This would
indicate that while lake size was not such an ingarfactor, trophic gradient might still be,
as although our trophic range was greater thannbeolcet al's (2001) study, the TP gradient
was still significantly shorter than in the Whitadalrvine (2003) study. Whatever the
mechanism, in this study habitat variables are momngortant for describing the bentic
community than nutrient variables, in keeping witthnson and Goedkoop (2002) who also
found that environmental factors other than nutrigffects were the most important for the
biotic communities of wave washed stony shoreswddish lakes.

Substrate stratification

When the lakes were further stratified accordingubstrate hardness, significant differences
in macroinvertebrate community composition werenfbbetween the hard and the soft sites
in both the agriculture and forestry sites. Simddferences in macroinvertebrate community
composition between soft vegetation-rich habitatd aarder habitats have been found in
other studies (McGoff and Irvine, 2009; Tolonerakt 2001; White and Irvine, 2003). Hard
habitat macroinvertebrates samples have been pidyifound to be the most indicative of
trophic pressure (Donohue et al.,, 2009b), and wilexamined in this study the
macroinvertebrates in the hard sites from agriceland forestry were responding to different
riparian and nutrient variables. Individual nuttiemriables were responsible for explaining
much of the variation in the agriculture data bet, none of the variation in the forestry data
set. The lack of response to nutrient variablesha forestry lakes may be owing to the
shortness of the nutrient gradient, similar to wi#tite and Irvine (2003) concluded was
happening in the Tolonen et al (2001) study. Theeain forestry lakes was just 1-33 pg/l
TP, compared with 1-118 pg/L TP in agricultural dak Therefore, as predicted, the
macroinvertebrates in agricultural lakes were mofleenced by antropogenic pressure than
those in the forestry lakes, but this only becowt®gous when sites are strongly stratified for

substrate, as without this stratification substveds the explanatory factor.

In forestry lakes the only measured variable ofriparian and nutrient variables examined
which contributed to explaining the variation whe presence of mire/wetland habitat in the
riparian band. Interestingly, riparian mire habi&gso explained the largest amount of
variation in the agricultural lakes. This may beirg to organic matter input, as wetlands

62



can be a significant source of organic matter &xes and streams, and even small riparian
wetland areas can have a dominant effect on thenardoudget of a waterway (Dosskey and
Bertsch, 1994; Gergel et al., 1999). Riparian alddas had more influence than nutrient
variables, even in these stratified sites, coNetyi accounting for 24% of the variation in the
agricultural data set, and 14.5% of the variatianthe forestry data set. The important
variables were the presence of mire and/or theepoesof trees and canopy cover. Riparian
vegetation, and overhanging canopy have been pmgyioshown to be important for
macroinvertebrate community composition as it altike oviposition behaviour of the adult
phase of many macroinvertebrates (Harrison andrélild1998; Harrison and Harris, 2002).
Brauns et al (2007a) also highlighted the impartaof the riparian zone in their study, with
grassland next to the lake being significantly tedlato community composition, over and
above trophic effects. The authors hypothesisettimechanism was that the reduction in
the amount of trees and scrub in the riparian Zedeto a concomitant reduction in the
amount of coarse woody debris entering the lakenil&i results were found for North
American lakes: with an increase in anthropogeresgure on the lakes shore, in the form of
lake cabins, the amount of riparian vegetation hedce coarse woody debris entering the
lake also decreased (Christensen et al., 19963%. mimrors the findings of our study, which
also highlighted the importance of riparian treesd acanopy cover for describing

macroinvertebrate community composition.

Management implications

These results have some interesting implicatiomssfandard monitoring and assessment.
These sites were initially stratified to be takeoni stony, wind exposed littoral areas,
however, as evidenced they fell along more of adigrd, leading to changes in the
macroinvertebrate community which were relateduiosgrate, not nutrients, thereby masking
the nutrient signal. While it has been previouggammended to stratify samples according
to hard substrate (Donohue et al., 2009b; Whitelande, 2003), these results indicate that,
at least in the Swedish setting, greater care neede taken in classifying the substrate in
order to see this pressure response relationshipteVeind Irvine (2003) acknowledge that
variation among mesohabitats would increase therertt noise in a dataset, which is clear
from our dataset. Likewise, variation in the riparizone also needs to be considered,
particularly in relation to mire and the presentémarian trees, as these add additional noise
to the data set. Our results suggest that in daleeduce variability among sites, particular
care needs to be taken to stratify according teeethe presence or absence of riparian trees.

63



Although the Water Framework Directive requires tise of benthic macroinvertebrates to
classify the ecological status of lakes (Europeammission, 2000), there has been ongoing
debate in the literature as to whether littoral rmawertebrates are too hetergenous to use in
standard monitoring (Harrison and Hildrew, 1998;9det al., 2003; Rasmussen, 1988). This
study would suggest that in the absence of strichtication by substrate, the
macroinvertebrates of Swedish lakes would not pl®a robust classification of the trophic
status of a lake. This is similar to findings fowland lakes in Germany (Brauns et al.,
2007a), which found that different mesohabitatimithe lake were responding to different
pressures, often unrelated to trophic status. Heweseparating the effects of nutrient
enrichment and hydromorphological alteration isficlifit as they are often interrelated
(Solimni et al., 2006), and if macroinvertebrates & provide a useful assessment of lake
quality, then there is a need for a consideratlieesse in the knowledge of how they respond

to nutrient and hydromorphological pressures, aow these factors interact with each other.

5.5 Conclusion

In conclusion, our results suggested that tropfffieces are nested within substrate habitat
effects, and were masked by local habitat hetemiggerOnce substrate was stratified more
strictly the nutrient signal could be decipheredwsdver, the macroinvertebrates were also
responding to riparian vegetation, and the impa¢anf riparian vegetation has been shown
by many studies (Brauns et al., 2007a; Christee$eat., 1996; Harrison and Hildrew, 1998;
Harrison and Harris, 2002). The absence of ripatie@s and canopy cover can be used as a
proxy for anthropogenic alteration of lake shor&kerefore, as outlined in Brauns et al
(2007a), although macroinvertebrates may not lengtindicators of trophic pressure in all
cases or habitats, they may be useful indicatorsofoer anthropogenic pressure on lake
shores.
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Appendix

Tablel: Riparian and substrate variables measured a®ptne Swedish national survey. 0/1
denotes presence/absence, 0-3 indicates a rasgefate cover of a particular variable where
O=none present, 1= < 5%, 2=5-50% and 3=>50%. Zodieates if it was measured in the 50
m or the 5 m riparian band

Zone/ m Riparian variables Measure Littoral variables Measure
50 Decidious 0-3 Fine sediment 0-3
50 Arable 0-3 Sand 0-3
50 Artificial 0-3 Gravel 0-3
50 Coniferous 0-3 Pebble 0-3
50 Rough grassland 0-3 Cobble 0-3
50 Other 0-3 Fine block 0-3
50 Mixed forest 0-3 Coarse block 0-3
50 Upland grassland 0-3 Bedrock 0-3
50 Clearcut 0-3 Emergent veg 0-3
50 Mire/wetland 0-3 Floating leaved veg 0-3
50 Boulder field 0-3 Fontinalis veg 0-3

5 Riparian trees Oor1l Rosette veg 0-3

5 Bushes Oor1l Mosses 0-3

5 Openland Oor1l Epiphytes 0-3

5 Amount of canopy cover 0-3 Fine organic material 0-3
Coarse organic

5 Amount of shading 0-3 material 0-3
Fine dead wood 0-3
Coarse dead wood 0-3
Fine sediment 0-3
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Chapter 6. Implications of shoreline development on lake
macroinvertebrates and consequences for assessment of lake
ecological status

Gwendolin Porst, Steffen Bader, Elise Miinch

6.1 Introduction

Lakeshore zones are characterized by a complekihalitats (Hall et al. 1992, Pickett and
White 1985, Strayer and Findlay 2010, Wetzel 2af4ing to a variety of abiotic and biotic
factors. This natural variability is threatenedweoer, by a multitude of human activities
including shoreline developments associated witmdnu settlements or industrial purposes
(Brauns et al. 2007b, Strayer and Findlay 2010).e Oof the consequences of
anthropogenically caused shoreline alterationbaslass of habitats and here particularly the
loss of macrophyte beds, root or woody debris h&bi(Christensen et al. 1996, Elias and
Meyer 2003, Radomski and Goeman 2001). While eomdbgonsequences of shoreline
development such as loss of habitat complexity maamly been studied for fish assemblages
(Jennings et al. 1999, Scheuerell and SchindledR0@plications this has on the less mobile
macroinvertebrate assemblages have rarely beentiftehnto date. Alteration of lake
shorelines such as erosion control structuresarea¢ional beaches are, however, expected to
have an important influence on littoral macroinebrates (Banziger 1995, Solimini et al.
2006, Brauns et al. 2007b). Macroinvertebratesgtyodepend on littoral habitats as habitat
diversity provides a variety of ecological nich€Gonnor 1991, Schneider and Winemiller
2008, Taniguchi et al. 2003), lowers predation gk foraging predators (Schneider and
Winemiller 2008) and provides refuge from physidaturbances such as wind- or ship-
induced waves (Gabel et al. 2008).

Littoral macroinvertebrates are one of the majomponents of lake ecosystems. The
European Water Framework Directive (WFD), therefoexjuires member states to assess
lake ecological status by monitoring these biolabiquality elements alongside other
biological groups (EC 2000). Thus, understandingomanvironmental influences such as
implications of hydromorphological shoreline altesas on macroinvertebrate diversity,
abundance and community composition have to besssdeprior to the development of lake
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monitoring protocols and for the development otahle metrics for the assessment of lake
ecological status. While the understanding of egickl impacts of shoreline development
forms a prerequisite for a scientifically basedlegizal monitoring system for lakes, cost and
time are often an additional important factor wicknosing appropriate sampling methods for
the monitoring of lakes using benthic macroinvenrdéds. Several studies have identified
habitat stratification as a requirement to overcothe problem of inherent habitat
heterogeneity in the lake littoral (Brauns et &02a, Tolonen et al. 2001, Weatherhead and
James 2001). While habitat stratification can redwariability within macroinvertebrate
samples and, thus, possibly improve signal pretjsibe collection of pooled ‘composite’
macroinvertebrate samples could, however, preseri¢asible cost and time effective
alternative to the time-intensive habitat-speagmnpling approach.

The objectives of this study were 1.) to quantiig impact of hydromorphological shoreline
alterations on the community structure and divemsitlake macroinvertebrates by comparing
unmodified with soft (recreational beaches) anddhéetaining walls, ripraps) altered
shorelines 2.) to test whether a composite maceoialirate sample could represent a
sampling site adequately when compared with sidtihabitat specific macroinvertebrate
samples and can, thus, serve as a cost and tireetiedf alternative methodology for the

monitoring of lakes using the example of lake Wénhe

6.2 Methods

Macroinvertebrate sampling

This study was conducted at lake Werbellin (52°38.9N, 13°42.525' E), a large oligo- to
mesotrophic lake with a surface area of 7.95 Isituated in north-eastern Germany. Samples
were collected in April 2010 from three morpholadig differing shoreline types following
the WISER WP 3.3 lake macroinvertebrate samplingtgaol. Morphological alterations
were classified as ‘soft alteration’ (recreatiobabches) and ‘hard alteration’ (e.g. retaining
walls, ripraps). Within the lake three unmodifiedoeeline sites, three sites with soft
alterations and three sites with hard alteratioesewsampled for macroinvertebrates. Each
sampling site comprised a shoreline section of mim 25 m length representing either soft
alteration, hard alteration or unmodified sites. édch sampling site 3 habitat specific
samples, ideally from sand, stones and macrophgtes one composite sample were

collected. In case one of these habitats was redept at a certain sampling site, a second
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sample of the dominant habitat at this site wakectdd. If only one habitat was present at a
site i.e. only sand habitats at recreational begdieee sand habitat samples were collected.
Whenever present, the habitats roots and woodyigdel@re sampled for macroinvertebrates
additionally to samples collected according toWWSER WP 3.3 sampling protocol. Habitat-
specific samples comprised the collection of 1 arhgles per habitat. Composite samples
involved a standardised 1 min sampling for macreitebrates by sampling all habitats
present proportional to their availability withiragh sampling site. Sampling of different
habitats followed the methods described in Braunsl.e(2007a). Habitat and composite
samples were preserved in ethanol and procesdbg laboratory. Macroinvertebrates were
identified to species level, whenever possible,epkcChironomidae (sub-family), other
Diptera (family) and Oligochaeta (order).

Statistical Analysis

The non-parametric Kruskal-Wallis test (PASW 17,SSHnc. 2009) was used to test for
differences in macroinvertebrate taxon richness rgmalteration types and among sand
habitat samples collected from different shoreliradteration types. Non-metric
multidimensional scaling (MDS) tested for similee# in macroinvertebrate community
structures among alteration types and sand habigiien alteration types as well as among
habitat specific and composite macroinvertebratepses (PRIMER 6, PRIMER-E Ltd,
lvybridge). MDS constructs a ‘map’ of all macroimiebrate samples and represents these as
points in a low dimensional space, so that thetiveladistance of points corresponds to the
same rank order of dissimilarities measured byuhaerlying similarity matrix (Clarke and
Warwick 2001). While the comparisons of macroingbrate community structures from
different alteration types and sand habitats withiteration types were based on log(x+1)
total abundance macroinvertebrate data and a BualysCsimilarity matrix, for the
comparison of sampling methodologies the ordinatroathod was based on log(x+1)
transformed proportional abundance data using g-8tatis similarity matrix to account for
different sampling methodologies. A one-way analysi similarities (ANOSIM, PRIMER
version 6, PRIMER-E Ltd, Ivybridge) tested for sfgrant differences in macroinvertebrate
community structures among alteration types, saabitéts within alteration types, and
habitats and composite samples using 9999 perronsati
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In order to identify taxa contributing most to disgarities in macroinvertebrate community
structures among alteration types, sand habitatisinvalteration types and among single-
habitat and composite samples, the similarity peeme routine SIMPER (PRIMERS,
PRIMER-E Ltd, Ivybridge) was used. SIMPER computies percentage contributions of
individual species to respective sample differen@@sarke and Warwick 2001). Indicator
species analysis (INdVal) identified macroinvertgbrtaxa which are characteristic for a
habitat or alteration type by means of the progranin(R Development Core Team 2009)
and the statistical package labdsv (Roberts 2010).

To test whether variability of macroinvertebratemeounity structures within composite
samples was significantly different from varialyilwithin habitat specific samples, we tested
the homogeneity of dispersion of each individuabiteda sampled using permutational
analysis of multidimensional dispersion (PERMDISIRIMER® 6 with PERMANOVA+,
PRIMER-E Ltd, Ivybridge). PERMDISP compares the rage dissimilarity of replicate
samples to their group centroid based on an Fsstatvhile calculating significance levels
using permutation of least-squares residuals (99&®nutations) (Anderson et al. 2008).
Analysis was based again on log(x+1) proportionalngance data using a Bray-Curtis
similarity matrix. PERMDISP was furthermore used test the adequacy of composite
samples for monitoring of lake ecological status dpmparing the composite samples
collected in the field with artificially computedomposite samples. Artificial composite
samples were generated exemplarily for unmodifihging sites by accumulating single

habitat samples according to their proportionallatsdity at respective sampling sites.

6.3 Results

Spatial variability

Number of habitats available at sampling sitesechemong different sites and alteration type
(Table 1). Highest average taxon richness ovehatiitats sampled was found at unmodified
sampling sites (30 ind.fn and lowest at recreational beaches (21 ind./m2).
Macroinveretbrate taxon richness at hard alterasioes reached an average of 24 ind./m
However, while a tendency of decreasing macroiebedte taxon richness with increasing
alteration of shorlines was noted, this could netidentified to differ significantly among
alteration types or in sand habitat samples amdtegation types (Kruskal-Wallis test, Chi-
Square =5.52, P > 0.5 and Chi-Square = 1.74, B%; €espectively).
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Macroinvertebrate samples from different habitgiey showed higher similarities within
alteration type than within habitat type (Figure ANOSIM identified significant differences
among macroinvertebrate community structures ofediht alteration types including all
habitat samples (ANOSIM, R-statistic = 0.364, P <019, with macroinvertebrate
assemblages from unmodified sampling sites diféerstronger from soft alteration sites
(ANOSIM, R-statistic = 0.482, P < 0.01) than froardh alteration sites (ANOSIM, R-statistic
= 0.306, P < 0.01). Assemblages from hard andadt#tation sites also differed significantly
from each other (ANOSIM, R-statistic = 0.337, P.81).

Table 1: Number of habitat types sampled for macroinvertebrates at different shoreline alteration
types.

Unmodified Soft alteration Hard alteration
sampling sites sampling sites  sampling site

Sand 4 9 8
Macrophytes 4 - -
Stones 1 1
Roots 2 1 -
Woody debris 3 - -
Transform- Log(X+1) J
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Figure 1: MDS-plot of macroinvertebrate species log(x+1) total abundance data from sand, root,
macrophyte, stone and woody debris habitats collected at unmodified, soft and hard alteration
sampling sites at lake Werbellin.

MDS identified a clear clustering of macroinvertgier assemblages from sand habitats (the

most dominant habitat present across all sampliteg;sn> 3 for all alteration types)
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according to alteration types (Figure 2). This wasfirmed by the results from ANOSIM,

which identified community structures of sand hafsitto strongly differ among alteration
types (ANOSIM, R-statistic = 0.48, P < 0.01). Manokertebrate communities from hard

alteration sites differed strongest from unmodifgtés (ANOSIM, R-statistic = 0.772, P <
0.01), while differences between unmodified and $aANOSIM, R-statistic = 0.437, P <
0.01) and soft and hard alteration sampling sk@$JdSIM, R-statistic = 0.461, P < 0.01) still
showed clear differences among groups. Taxa catitngp most to dissimilarities among

alteration types and among sand habitat samples fdifferent alteration types are

summarized in Table 2 and 3. IndVal analysis idietia total of eighteen characteristic

species for different habitat types (Table 4) whighest numbers of characteristic species
found for macrophytes (8) and woody debris (6).ofalt of twenty-five characteristic taxa

were identified for different alteration types withe majority of characteristic taxa found in

unmodified sampling sites (Table 5).
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Figure 2: MDS-plot of macroinvertebrate species log(x+1) total abundance data from sand habitat
samples collected at unmodified, soft and hard alteration sampling sites at lake Werbellin.
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Table 2: Summary results from SIMPER analysis showing cumulative contributions (Cum.%) of first 20 taxa contributing to dissimilarities (in %) among alteration
types (unmod=unmodified sampling sites; soft=soft alteration sampling sites; hard=hard alteration sampling sites).

Hard alteration & unmodified sampling sites

Hard & soft alteration sampling sites Unmodified & soft alteration sampling sites

Average dissimilarity = 52.63 Average dissimilarity = 46.26 Average dissimilarity = 56.75

Species abt:;g dh:nrce Cum.% Species abt:;g dh:nrce Cum.% Species abt:;g dh:nrce Cum.%
Dreissena polymorpha unmod 3.95 Potamopyrgus antipodarum hard 7.42 Micronecta sp. soft 5.71
Potamopyrgus antipodarum hard 7.86 Pisidium sp. hard 14.13 Dreissena polymorpha unmod 11.04
Tanypodinae sp. unmod 11.77 Caenis luctuosa hard 19.44 Potamopyrgus antipodarum unmod 15.63
Orthocladiinae sp. unmod 15.46 Micronecta sp. soft 24.56 Tanypodinae sp. unmod 19.88
Caenis luctuosa hard 19.09 Dreissena polymorpha hard 29.65 Orthocladiinae sp. unmod 23.81
Pisidium sp. hard 22.63 Ceratopogonidae sp. hard 33.7 Pisidium sp. unmod 27.58
Chironominae sp. hard 26.05 Oligochaeta sp. hard 37.59 Sphaerium sp. only unmod 31.05
Mystacides azurea hard 29.38 Caenis horaria hard 41.46 Gammaroidea sp. unmod 34.15
Diptera sp. (pupae) hard 32.68 Chironominae sp. hard 44.93 Pontogammarus robustoides soft 36.84
Sphaerium sp. only unmod 35.76 Mystacides azurea hard 48.39 Dikerogammarus villosus unmod 39.5
Ceratopogonidae sp. hard 38.77 Athripsodes cinereus hard 51.8 Oligochaeta sp. soft 41.96
Oligochaeta sp. hard 41.78 Diptera sp. (pupae) hard 54.95 Caenis horaria soft 44.43
Caenis horaria hard 44.52 Pontogammarus robustoides soft 57.91 Tinodes waeneri only unmod 46.87
Micronecta sp. hard a7 Gammaroidea sp. hard 60.73 Chironominae sp. soft 49.31
Gammaroidea sp. unmod 49.39 Haliplus sp. (larvae) hard 63.5 Mystacides azurea soft 51.72
Tinodes waeneri unmod 51.68 Molanna angustata hard 65.91 Dikerogammarus haemobaphes unmod 53.96
Dikerogammarus villosus unmod 53.9 Acentria ephemerella hard 68.17 Limnephilus lunatus unmod 56.12
Limnephilus lunatus unmod 55.96 Orthocladiinae sp. soft 70.25 Athripsodes cinereus unmod 58.25
Dikerogammarus haemobaphes unmod 58.02 Gyraulus crista hard 72.29 Caenis luctuosa soft 60.33
Athripsodes cinereus hard 60.06 Tanypodinae sp. hard 74.22 Gyraulus crista unmod 62.37
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Table 3: Summary results from SIMPER analysis showing cumulative contributions (Cum.%) of first 20 taxa contributing to dissimilarities (in %) among sand
habitat samples from different alteration types (unmod=unmodified sampling sites; soft=soft alteration sampling sites; hard=hard alteration sampling sites).

Hard alteration & unmodified sampling sites

Hard & soft alteration sampling sites Unmodified & soft alteration sampling sites

Average dissimilarity = 40.61 Average dissimilarity = 44.40 Average dissimilarity = 46.24

Species abt:;g dh:nrce Cum.% Species ab|:ing dh:r:ce Cum.% Species abt:;g dh:nrce Cum.%
Diptera sp. (pupae) hard 5.63 Potamopyrgus antipodarum hard 7.58 Potamopyrgus antipodarum unmod 8.56
Caenis luctuosa hard 11.04 Pisidium sp. hard 14.3 Micronecta sp. soft 16.73
Mystacides azurea hard 16.25 Caenis luctuosa hard 20.45 Pisidium sp. unmod 22.72
Tanypodinae sp. unmod 21.37 Dreissena polymorpha hard 25.93 Sphaerium sp. only unmod 28.47
Sphaerium sp. only unmod 26.48 Micronecta sp. soft 30.89 Tanypodinae sp. unmod 34.2
Ceratopogonidae sp. hard 31.13 Ceratopogonidae sp. hard 35.13 Dreissena polymorpha unmod 38.13
Dreissena polymorpha hard 35.69 Caenis horaria hard 39.32 Mystacides azurea soft 41.62
Caenis horaria hard 39.92 Oligochaeta sp. hard 43.14 Gammaroidea sp. soft 45.03
Micronecta sp. hard 43.71 Mystacides azurea hard 46.81 Ceratopogonidae sp. soft 48.17
Chironominae sp. hard 47.24 Chironominae sp. hard 50.43 Pontogammarus robustoides soft 51.29
Haliplus sp. (larvae) hard 50.4 Athripsodes cinereus hard 53.86 Diptera sp. (pupae) soft 54.3
Pisidium sp. hard 53.27 Haliplus sp. (larvae) hard 57.01 Caenis luctuosa unmod 57.25
Oligochaeta sp. hard 56.1 Diptera sp. (pupae) hard 60.1 Mystacides longicornis/nigra unmod 60.19
Acentria ephemerella hard 58.85 Pontogammarus robustoides soft 63 Oligochaeta sp. unmod 63.1
Gammaroidea sp. hard 61.44 Acentria ephemerella hard 65.68 Caenis horaria soft 65.93
Potamopyrgus antipodarum hard 63.95 Molanna angustata hard 68.16 Molanna angustata unmod 68.76
Mystacides longicornis/nigra unmod 66.27 Gammaroidea sp. hard 70.62 Athripsodes cinereus unmod 71.51
Pontogammarus robustoides hard 68.53 Gyraulus crista hard 72.83 Chironominae sp. unmod 73.77
Gyraulus crista hard 70.74 Tanypodinae sp. hard 74.96 Dikerogammarus villosus unmod 75.79
Cloeon dipterum only hard 72.9 Mystacides longicornis/nigra soft 76.85 Gyraulus crista soft 77.51
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Table 4: Taxa identified characteristic for different habitat types using IndVal analysis (IV=indicator
value, 1=sand, 2=macrophytes, 3=stones, 4=roots, 5=woody debris).

Taxon Habitat \Y P

Micronecta sp 1 0,80 0,024
Oligochaeta sp 1 0,58 0,042
Pisidium sp 1 0,58 0,028
Sphaerium sp 2 0,91 0,004
Gyraulus crista 2 0,74 0,013
Mystacides longicornis nigra 2 0,70 0,001
Coenagrion puella pulchellum 2 0,69 0,020
Gyraulus albus 2 0,69 0,024
Valvata piscinalis 2 0,69 0,030
Molanna angustata 2 0,60 0,007
Goera pilosa 2 0,60 0,037
Planorbis carinatus 4 0,48 0,034
Lype sp 5 0,98 0,003
Dikerogammarus haemobaphes 5 0,87 0,022
Orectochilus villosus (larvae) 5 0,75 0,018
Dikerogammarus villosus 5 0,74 0,039
Haliplus flavicollis (adult) 5 0,67 0,024
Oulimnius sp (adult) 5 0,64 0,025
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Table 5: Taxa identified characteristic for different alteration types using IndVal analysis (IV=indicator
value, 1=unmodified sampling sites, 2=soft alteration sampling sites, 3=hard alteration sampling sites).

Taxon Alteration type v P

Sphaerium sp 1 0,71 0,001
Dreissena polymorpha 1 0,71 0,019
Limnephilus lunatus 1 0,70 0,002
Tanypodinae sp 1 0,69 0,009
Dikerogammarus villosus 1 0,69 0,003
Halesus radiatus 1 0,65 0,004
Orthocladiinae sp 1 0,64 0,002
Orectochilus villosus (larvae) 1 0,57 0,007
Lype sp 1 0,57 0,006
Tinodes waeneri 1 0,54 0,006
Dugesia lugubris polychroa 1 0,53 0,007
Coenagrion puella pulchellum 1 0,50 0,006
Goera pilosa 1 0,48 0,008
Acroloxus lacustris 1 0,43 0,027
Planorbis planorbis 1 0,39 0,022
Ancylus fluviatilis 1 0,36 0,034
Limnephilus rhombicus 1 0,33 0,049
Limnephilus stigma 1 0,29 0,039
Radix balthica 1 0,29 0,041
Micronecta sp 2 0,82 0,001
Ischnura elegans 2 0,39 0,039
Diptera sp (pupae) 3 0,81 0,001
Chironominae sp 3 0,77 0,006
Caenis luctuosa 3 0,76 0,004
Potamopyrgus antipodarum 3 0,70 0,001
Haliplus sp (larvae) 3 0,69 0,002
Acentria ephemerella 3 0,64 0,002
Athripsodes cinereus 3 0,61 0,014
Mystacides azurea 3 0,55 0,011
Cloeon dipterum 3 0,47 0,026
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Methodological comparison

The proportion of individual habitats at each unified sampling site varied among sites
(Table 6). While sand and macrophyte habitats wegemost dominant habitats found at all
unmodified sampling sites, root, stone and woodyridehabitats accounted only for up to

10% when present.

Table 6: Proportional availability of each habitat at each unmodified sampling site (WE= Lake
Werbellin; 1U=unmodified site 1; 2U=unmodified site 2; 3U= unmodified site 3).

Proportional abundance of

Sampling site Habitat habitat at sampling site (%)
WE 1U Sand 50
WE 1U Stone 5
WE 1U Macrophytes 25
WE 1U Roots 10
WE 1U Woody debris 10
WE 2U Sand (1) 50
WE 2U Sand (2) 50
WE 2U Macrophytes 30
WE 2U Roots 10
WE 2U Woody debris 10
WE 3U Sand 40
WE 3U Macrophytes (1) 50
WE 3U Macrophytes (2) 50
WE 3U Woody debris 10

For the processing of habitat specific samplesect#d from unmodified sampling sites an
average of 10.2 h for sorting per macroinvertebisdaeple was needed. Processing of

composite samples collected from unmodified site®anted for 10 h on average (Table 7).

78



Table 7: Sorting effort for samples collected at unmodified sampling sites (WE=Lake Werbellin;
1U=unmodified site 1; 2U=unmodified site 2; 3U= unmodified site 3; CO=composite sample; SA=sand
habitat; ST=stone habitat; MP=macrophyte habitat; EW=root habitat; TH=woody debris habitat).

Sample Sorting time (h) Sum
WE 1U CO 12

WE 2U CO 10

WE 3U CO 8.5

WE 1U SA (1) 14 Sum U1 49.25
WE 1U ST (1) 8

WE 1U MP (1) 12

WE 1U EW (1) 4.25

WE 1U TH (1) 11

WE 2U SA (1) 6.5 Sum U2 44.25
WE 2U SA (2) 7

WE 2U MP (1) 12

WE 2U EW (1) 7.5

WE 2U TH (1) 11.25

WE 3U SA (1) 18 Sum U3 46.5
WE 3U MP (1) 9

WE 3U MP (2) 10

WE 3U TH (1) 9.5

MDS identified variability within habitat and comgite replicate samples from unmodified
sampling sites to be smaller than variability ameagples from individual unmodified sites
(Figure 3). With the exception of root habitat séesp(n=2), samples from the same habitat
generally grouped closely together, illustratingghhisimilarities among habitat types.
Composite samples showed highest similarities tearophyte and sand habitat replicate
samples, the habitats which made up the largegpopion of habitats sampled at all
unmodified sampling sites and, thus, also the Ergeoportion of the composite samples.
Root, woody debris and stone habitats, which mageonly a minor proportion of each
sampling site showed stronger dissimilarities tmposite samples at unmodified sampling

sites.
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Figure 3: MDS-plot of macroinvertebrate species log(x+1) proportional abundance data from sand,
root, macrophyte, stone and woody debris habitats and composite samples from unmodified sampling
sites at lake Werbellin (1U=unmodified site 1; 2U=unmodified site 2; 3U=unmodified site 3).

ANOSIM identified no significant differences amohgbitat-specific and composite sample
community structures from unmodified sites, whilaaminvertebrate community structures
from individual habitats differed significantly im0 each other (Tab. 8). Owing to the low
number of replicate samples (n < 3) the habitadésrand stones could not be included in the
ANOSIM and PERMDISP analyses. No significant diéieces were found neither among
habitat-specific and composite samples collectenh fsoft (ANOSIM, R-statistic = 0.137, p >
0.05) nor from hard alteration sites (ANOSIM, Rtstizc = 0.27, p > 0.05).

Tab 8: ANOSIM R-statistic of different habitat-specific versus composite samples. Significant results
are marked with * (P < 0.05).

Composite  Macrophytes  Sand

Macrophytes 0,352
Sand 0,074 0,854*
Woody debris 1 0,963* 1*
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PERMDISP identified no significant differences ianhogeneity of variances among habitat
specific and composite sample macroinvertebratenoamity structures (PERMDISP, F =

1.1034, P(perm) = 0.5031, N = 14). However, valigbwithin composite samples was

higher (19.81 + 2.03) than variability within hadiispecific samples (Figure 4). Among
habitat-specific samples variability was highest nracrophyte habitats (19.02 + 0.12),
followed by woody-debris (18.86 * 2.12) and sanbitad with the lowest variability (16.43

1.29).

25

20 -

15

Variability (%)

10

Composite Macrophytes Woody debris Sand

Figure 4: Variability in macroinvertebrate community composition of individual habitats (macrophytes:
n=4; sand: n=4; woody debris: n=3 and composite samples: n=3) expressed as Bray-Curtis similarity
of habitat/composite replicate samples to its group centroid.

ANOSIM identified no significant differences amonmacroinvertebrate community
structures from artificially calculated and collegtcomposite samples (ANOSIM, R-statistic
= -0.333, p > 0.05). Furthermore, no significanffedences could be detected among
homogeneity of variances of macroinvertebrate comtias from artificially calculated and
collected composite samples (PERMDISP, F = 1.782Berm) = 0.1976, N = 6). Artificial
composite samples, however, showed lower varigbilit macroinvertebrate community
structures compared with collected composite sasn{ligure 5).
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Figure 5: Variability in macroinvertebrate community composition of artificial and collected composite

samples (n=3, respectively) expressed as Bray-Curtis similarity of habitat/composite replicate samples
to its group centroid.

SIMPER also identified highest similarities of maiovertebrate community structures

among composite and sand and composite and mad¢eopamples of unmodified sampling

sites, respectively (Table 9). Taxa contributingstrto differences among habitat specific and
composite samples from unmodified sampling sitessammarized in Table 9.
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Table 9: Summary results from SIMPER analysis showing cumulative contributions (Cum.%) of first 20 taxa contributing to habitat/composite (CO= Composite;
SA=Sand; MP=Macrophytes; WD=Woody debris; ST=Stone; RO=Roots) dissimilarities (in %).

Composite & Sand

Average dissimilarity = 31,70

Composite & Macrophytes

Average dissimilarity = 39,71

Composite & Woody debris

Average dissimilarity = 47,44

Species

Dreissena polymorpha
Tanypodinae sp.
Chironominae sp.
Gammaroidea sp.

Pisidium sp.

Potamopyrgus antipodarum
Orthocladiinae sp.
Sphaerium sp.
Dikerogammarus villosus
Oligochaeta sp.

Mystacides longicornis/nigra
Dikerogammarus haemobaphes
Mystacides azurea

Molanna angustata
Ceratopogonidae sp.
Gyraulus crista

Limnephilus lunatus
Athripsodes cinereus

Goera pilosa

Micronecta sp.

Higher
abundance

Cco
Cco
SA
Cco
Cco
SA
Cco
SA
Cco
SA
Cco
Cco
Cco
Cco
SA
Cco
Cco
Cco
Cco
Cco

Cum.%

11,11
19,73
27,44
34,43
41,19
46,19
51,02
54,58
58,10
61,26
64,31
67,17
69,84
72,22
74,19
75,99
77,66
79,32
80,92
82,10

Species

Dreissena polymorpha
Potamopyrgus antipodarum
Chironominae sp.
Orthocladiinae sp.
Sphaerium sp.

Pisidium sp.

Gammaroidea sp.
Tanypodinae sp.
Oligochaeta sp.

Tinodes waeneri

Gyraulus crista

Mystacides longicornis/nigra
Caenis horaria
Dikerogammarus villosus
Athripsodes cinereus
Limnephilus lunatus

Goera pilosa

Mystacides azurea
Dikerogammarus haemobaphes

Molanna angustata

Higher
abundance

MP
Cco
Cco
MP
MP
Cco
Cco
Cco
Cco
MP
MP
MP
MP
Cco
Cco
MP
MP
Cco
Cco
Cco

Cum.%

11,47
19,44
25,79
31,93
38,01
43,16
47,53
51,68
55,60
58,51
61,18
63,59
65,94
68,26
70,26
72,10
73,85
75,60
77,32
78,99

. Higher
Species abungdance
Potamopyrgus antipodarum CO
Dreissena polymorpha WD
Pisidium sp. CO
Lype sp. WD
Gammaroidea sp. WD
Tanypodinae sp. WD
Orthocladiinae sp. WD
Dikerogammarus haemobaphes WD
Chironominae sp. CO
Dikerogammarus villosus WD
Oligochaeta sp. CO
Tinodes waeneri WD
Molanna angustata WD
Mystacides longicornis/nigra CO
Sphaerium sp. only CO
Mystacides azurea CO
Athripsodes cinereus CO
Orectochilus villosus (larvae) WD
Limnephilus lunatus WD
Dendrocoelum lacteum only WD

Cum.%

13,19
25,01
33,82
38,74
43,66
48,41
53,13
57,57
61,54
65,18
68,68
71,06
72,86
74,62
76,24
77,80
79,30
80,75
82,14
83,32
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Table 9 (contd.): Summary results from SIMPER analysis showing cumulative contributions (Cum.%) of first 20 taxa contributing to habitat/composite (CO=
Composite; SA=Sand; MP=Macrophytes; WD=Woody debris; ST=Stone; RO=Roots) dissimilarities (in %).

Composite & Stone Composite & Roots
Average dissimilarity = 50,63 Average dissimilarity = 56,21
Species abt:;g dh:nrce Cum.% Species ab|:ing dh:r:ce Cum.%
Potamopyrgus antipodarum CO 17,59 Potamopyrgus antipodarum CO 8,47
Dreissena polymorpha ST 28,31 Pontogammarus robustoides RO 16,79
Gammaroidea sp. ST 35,96 Halesus radiatus RO 24,04
Tinodes waeneri ST 43,60 Gammaroidea sp. RO 31,19
Ancylus fluviatilis only ST 50,66 Dreissena polymorpha CcO 37,68
Pisidium sp. CO 57,27 Chironominae sp. CO 42,72
Orthocladiinae sp. ST 62,96 Pisidium sp. RO 46,96
Tanypodinae sp. CO 66,96 Echinogammarus ischnus RO 51,11
Chironominae sp. CO 69,88 Tanypodinae sp. CO 55,10
Athripsodes cinereus CO 72,36 Dikerogammarus villosus RO 59,08
Oligochaeta sp. CO 74,72 Sphaerium sp. RO 62,38
Dikerogammarus villosus ST 76,88 Valvata cristata RO 65,41
Mystacides longicornis/nigra only CO 78,69 Orthocladiinae sp. CcO 67,96
Molanna angustata only CO 80,46 Haliplus sp. (larvae) only RO 70,20
Mystacides azurea only CO 81,97 Oligochaeta sp. CcO 72,17
Sphaerium sp. CO 83,34 Diptera sp. (pupae) RO 73,89
Dikerogammarus haemobaphes ST 84,54 Athripsodes cinereus CO 75,44
Caenis luctuosa ST 85,62 Limnephilus lunatus RO 76,96
Acentria ephemerella only ST 86,52 Mystacides longicornis/nigra only CO 78,45
Gyraulus crista CO 87,39 Dikerogammarus haemobaphes only CO 79,93
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6.4 Discussion and Conclusion

Spatial variation

Our study demonstrates that hydromorphological edlre alterations such as erosion control
structures or recreational beaches have a signifisdluence on littoral macroinvertebrate
community structures. While no significant diffecen could be detected among
macroinvertebrate taxon richness within alteratigpes or within sand habitats collected at
different alteration types, macroinvertebrate comityu structures, however, did change
considerably among different shoreline alteratigres. The difference in community structures
among alteration types, and among sand habitatsae@iteration types, which was identified
with MDS and ANOSIM, is attributable to differenc@sabundances and occurrences of certain
macroinvertebrate taxa. While some taxa sucfohaerium sp. orOrectochillus villosus larvae
were encountered only at unmodified lakeshoresgretiuch a$otamopyrgus antipodarum
were found at all sites but in varying abundanddse lack of certain taxa at structurally
modified shore zones can primarily be attributedthte reduction of habitat complexity, as
structurally complex macrophyte or woody debris iteb at unmodified shorelines were
replaced by sand habitats with a comparatively &imctural complexity at soft and hard
alteration sites. As habitat complexity is oneled major factors influencing macroinvertebrate
assemblages by providingter alia important ecological niches and shelter from priedat
(O'Connor 1991, Thompson 1985), and has been skmoster diverse community structures
(White and Irvine 2003), it is not surprising thamodified shorelines harboured quite a
number of characteristic species many of which wase found to be characteristic for the
structurally complex macrophyte or woody debrisitab Such structurally complex habitats
additionally offer a high variety of food sourcasck as periphyton or decaying organic matter
which supports the abundance of functional feedjrayps such as piercers, shredders, grazers
or xylophagous species (Moog 1995). The high ditsermn food resources together with
physical attributes of macrophyte and woody del@bitats supports comparatively high
inveretbrate diversity and also highest numbershairacteristic taxa recorded in both of these
habitats.

We found a decrease in characteristic macroinvatelspecies from unmodified (14) over hard
(9) to soft alteration sites (2), reflecting thesdoof almost all but the sand habitat at both
alteration types, and thus, a loss of habitat ceripl. The identification of characteristic taxa

for hydromorphologically altered shorezones togethiéh a non-significant difference in taxon
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richness among shore types suggests that taxactdr@sc for unmodified sites are not only
lost but are furthermore, at least partly, subtadu by other invertebrate species at
hydromorphologically altered shore zones. Not dhly loss of structurally complex habitats
such as macrophytes, woody debris or roots cahseshiserved changes in macroinevertebrate
community structures at structurally altered sit€ee additional anthropogenic disturbance
associated with recreational beaches and harcedltdrore zones such as increased recreational
pressures (especially trampling) and an increaseavane action through wave reflection
(Solimni et al. 2006) also have a major influencetlve occurrence and abundances of certain
macroinvertebrate taxa. The strongest differenceommunity structure between unmodified
shoreline sites and recreational beaches observetis study supports the assumption by
Brauns et al. (2007b) that alterations of this kimaist profoundly affect lake macroinvertebrate

communities in the littoral zone.

Abundances of Chironominae and Diptera pupae (bdémtified characteristic for hard
alteration sampling sites) increased with increg@sstructural shoreline alteration from
unmodified, over soft to hard shoreline alteratisites. This chironomid subfamily is
characterised by its tolerance to low oxygen coowlét (Armitage et al. 1995). This tolerance
favours its occurrence at sand-dominated hardadilber sites, which can frequently be covered
by an anoxic-layer of organic matter. Brauns e{2007b) also identified a significant increase
in abundances of Chironomidae in the littoral ocreational beaches, but could not identify a
significant difference in chironomid numbers onchaiteration sites such as retaining walls or
riprap when compared to natural shore zones. Alnoetaof Chrironomidae subfamily-groups
Tanypodinae and Orthocladinae, however, showedebighbundances in unmodified sites, with
a decrease from hard to soft alteration shore zdrtesse groups are not able to tolerate anoxic
conditions and are predominantly characterisedaisegng collectors, shredders or scrapers but
also predators (Moog, 1995). Armitage et al. (1988)hermore identified a preference of
Orthocladiinae for macrophyte habitats, which wl® d@he habitat in which this sub-familiy
was predominantly found in this study. This suppahte identification of both sub-families as
characteristic for unmodified shore zones, whiderod greater habitat diversity and, thus, food

resources and possibly better oxygen conditiongwelenpared with altered shore zones.

High densities ofPotamopyrgus antipodarum at hard altered sites are in accordance with its
generalist feeding behaviour, which allows its gation of degraded sites (Moog 1995,
Schreiber et al. 2003, Keransi et al 2005). Thepamatively low abundance of other gastropod

taxa at recreational beaches and hard altered aifai® reflects the loss of complex habitats
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through shoreline modification. Gastropod taxa saslGyraulus albus and Gyraulus crista
encountered in unmodified shore zones of lake Wiarband identified as characteristic
macrophyte species are predominantly grazers (M®&8%) which can not find adequate food
sources in the dominant sand habitats of recreatibeaches and structurally alteratered
shorelines. Exposed sand habitats furthermore dooffer enough shelter for the fragile
gastropod shells (Banziger 1995) or from detachrowimhg to increased wave action (Gabel et
al. 2008), which is reflected in the absence oy V&w densities of gastropod species (exdept
antipodarum) in all sand habitats in this study. Thus, it iainly the habitat characteristics but
also the increased anthropogenic pressure at @lstiess creating unsuitable conditions for this

taxa group.

Taxa identified characteristic for unmodified lakes2 zones such a$phaerium sp.,
Orectochillus villosus (larvae), Limnephilus stigma, Coenagrion puella pulchellum, Ancylus
fluviatis, Radix balthica were not recorded at hydromorphologically altesathpling sites. This
loss of certain taxa at altered shore zones onaim dgghlights the loss of structurally complex
habitats such as macrophytes as an important ingbaatthropogenically caused alteration of
lake shores for the littoral macroinvertebrate camity and especially on habitat specialists. A
high number of Trichoptera taxa were identifiectcharacteristic for unmodified shorezones and
habitats associated with those sites. The loss ofemthan half of these taxa at
hydromorphologically altered sites, again, refldtis high exposition to increased wave action
and anthropocenic disturbaces associated with expsand-habitats, leading to detachment of

organisms or deterioration of fragile caddis-flges.

Micronecta sp. (larvae) showed highest abundances at staligtualtered shore zones,
decreasing from soft over hard to unmodified sit€kis taxon which was identified as
characteristic for recreational beaches as weathasiere dominantly occurring sand-habitat has
been described to feed mainly on organic matesabeiates with sand (gatherer-collector)
(Moog 1995). The classification déchnura elegans as characteristic for recreational beaches is
in contrast with findings by Brauns et al. (200¥d)o identified this taxon as characteristic for
natural, unmodified shorelines but with a strongf@rence for root habitats. Its classification as
characteristic for recreational beaches in ourystsidased on its finding in high abundances in
the only root habitat found in this alteration tyged adjacent sand habitats. Thuslegans
seems more dependant on the occurrence of rootatgbivhich are usually associated with
natural shorelines, rather than natural shorelasesuch.
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Brauns et al. (2007b) furthermore identified erasmontrol structures to have no effect on
infralittoral macroinvertebrate community structsirevhich is somehow in contrast with the
results of this study. While in the earlier studhe textend of retaining wall or ripraps where
limited, hard alteration structures assessed insbwdy, also comprising retaining walls and
ripraps, were covering considerable stretches asragelines sampled. This suggests that the
extent of alteration structures along lake shoesliis an important factor shaping the influence
of these modifications on macroinvertebrate commywstructures as demonstrated in this study.

Methodological comparison

We were able to demonstrate that a macroinverelm@nposite sample collected by sampling
all present habitats proportional to their avaligpbwithin a sampling site can represent each
individual sampling location adequately. Habitat egfic and composite sample
macroinvertebrate community structures did notedifignificantly, while individual habitat
samples harboured distinct macroinvertebrate contreanThe importance of the proportional
sampling regime used was demonstrated by thevebatstrong similarity of macroinvertebrate
communities from sand and macrophyte habitatséactmposite samples. These habitats were
the ones with highest proportional distributiouamodified sampling sites, thus, making up the
largest part of each composite sample. Communitcttres in woody debris habitats differed
stronger from composite sample macroinvertebraterablages, but the difference was still not
significant. While these results encourage the afseomposite samples for the assessment of
lake ecological status, it should be noted thatargmt sensitive taxa which are known to
inhabit habitats such as woody debris or rootsmadly making up only a fraction of the area of
each sampling site, could be overlooked and, thhejr loss owing to anthropogenic

disturbances be missed.

The adequacy of composite samples for routine maong programmes is supported by the
results from the PERMDISP analysis which identifrexsignificant differences in homogeneity
of variances among habitat specific macroinverteb@mmunity structures and composite
samples. Yet Schreiber and Brauns (2010) found vidw@ability within macroinvertebrate
samples from individual habitats to differ sign#itly from pooled samples. The authors,
however, did not take into account the proportiataindance of habitats at each sampling site.
This once more underlines the importance of thigr@gch for the collection of representative
macroinvertebrate composite samples. The compam$aartificial and collected composite
macroinvertebrate samples concurs with the prelyogsated results. While artificially
generated composite samples showed slightly lowaeialility within community structures,
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this difference was still not significant and sugpdhe adequacy of using composite samples

for monitoring purposes.

Despite the fact that the processing time for cositpacsamples was on average not so much
different from the time needed to process an imlial habitat sample, the time needed to
process individual habitats needed in order toasgmt a site was approximately fivefold higher
than for composite samples. If we assume the sanbe true for collection of samples in the
field and macroinvertebrate identification, the tminigher working effort and, thus, higher cost

associated with habitat specific sampling becormes enore evident.

Conclusions

One of the consequences of morphological shoralteeations is the loss of habitats, especially
structurally complex ones, which foster characteriand sensitive macroinvertebrate taxa.
Increases in recreational pressures and otheragatenically caused disturbances associated
with hydromorphologically altered shorezones fumhere intensify the severe effects of habitat
loss on faunal communities. The strength of thefleences on the littoral community structure
of a whole lake depends, however, on the extenthizh the shoreline is altered and, thus,
associated losses of habitat complexity and diwyeisithe lake littoral as a whole. Our results
show that littoral macroinvertebrates are respanso the influence of hydromorphological
alterations, and could, thus, be used for the assm® of lake ecological status relating to
hydromorphological pressures. It should be furiétlaborated whether identified characteristic
species can serve as indicator taxa for hydromdogical shoreline alterations as part of a lake
assessment regime. An elaborated sampling regirakl @mnsequently serve as a basis for
restoration measures to protect the integrity dhke ecosystem with the aim of actively
protecting habitat complexity and diversity in thkeke littoral. While shoreline alterations
proved to have an important influence on macroit@ate community structures, it has yet to
be tested whether cost and time-effective macroiekeate composite samples are sensitive
enough to discriminate among alteration types aralldy thus, be suitable for routine

monitoring of lake ecological status.
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Chapter 7. Description of Wiser data analysis stra  tegies to account
for spatial variability

Mike Dunbar, Ralph Clarke

Note: this chapter should be considered alongsidSBR Deliverable D6.1-1 “Report on a
workshop to bring together experts experienced wdbl development and uncertainty
estimation”, and presentations from Mike Dunbar &mwalph Clarke at the Wiser mid-term
meeting, available on the WISER Intranet.

7.1 Introduction

Fieldwork has been undertaken in WISER WP3.3 p#otlyain understanding of the importance
of spatial, within-lake variation in macroinvertab® community composition, on the estimation
of lake-level values for particular metrics, antdraately, on lake status assessments using these
metrics. Because there are data collected acrodswaihin lakes, the collected data are
hierarchically-structured. Using the information this structure, one can fit statistical models
which partition the total variance of any availabietric into within-lake variation and among-
lake variation. It is important to note that, te textent allowed by the data, these hierarchical
variance estimates correctly partition the totalarece in the dataset. Simply subtracting (from
total variance) an estimated between-lake variastenated by averaging all values within a
lake, will not give correct values at either lewrethe hierarchy and can be misleading.

There is a wide-ranging terminology used to descshbich statistical models. Hierarchical
analyses of variance, using nested terms, have heed in statistics for over 60 years.
Traditionally, such ANOVA models were fitted usitgast squares, with adjustments to account
for the fact that grouping variables (such as lalentity or sites within a lake), are more
appropriately modelled as random effects (samplawrm from a wider population) rather than
as fixed effects for which parameters are estimdiegttly for each group and no generalisation
is possible.

More recently, a newer class of models, known iadtevely as mixed-effects or multilevel
models, fitted using generalised least squareshtadmum likelihood have superseded nested
least squares ANOVAs, although the latter are afidlely applied. Henceforth we shall term
these models mixed-effects, there are subtle (amdportant here) differences with multilevel
models, and other terms such as random coeffieiedtREML models. Mixed-effects models,
which also represent hierarchical structure diyetithe model, have considerable advantages
over the aforementioned ANOVA models. Firstly, tlaeg far less sensitive to any imbalance in
the analysed dataset (such as variable numbeesrgdles per site and sites per lake). Secondly,
they are able to fit explanatory (e.g. environmigntariables (termed fixed effects) in the same
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framework. Thirdly, they extend to generalised #inenodels (glms), where error terms are not
normally distributed. When fitted using no fixedeslts, such models are often termed variance
components analyses, the term mixed refers to tkimgnof both fixed and random effect in the
same analysis.

It may not initially be obvious why fitting explatoay variables might be necessary in a
variance partitioning exercise such as this. A gnmgxample relates to the initial selection of
lakes to survey in WISER. These were not selectedralom, rather they were selected to be
along a trophic gradient. With approx 3 lakes pmintry, simply considering lake identity as a
random effect will over estimate between-lake va&a compared to within-lake variance.
However it is simple to account for this by inclagia measure of trophic status (e.g. TP
concentration) in the model. TP status will explpart of the between-lake variance, leaving a
lower residual between-lake variance. Fixed-effecéy also be used at the site or sample level
to describe habitat type, degree of bank profiieration etc.

At the WISER mid-term meeting in Sept 2010, Mikenbar and Ralph Clarke presented some
ideas as to how to undertake analysis of amongvatidn-lake variance components. Mike
presented his examples using the R software pacKdyre are many packages capable of
undertaking these analyses, including SAS, Stedgistbenstat, Minitab and Stata. Often people
will be best placed to use the package they aeadyr comfortable with, but there are some
advantages to using R which are worth noting:

« Ris free and open source so if you learn how &ity$10-one can take it away from you
* R runs on Windows and Unix (including Mac OS X)
* You can extract, manipulate, plot and analyse yata all in one package

* The R language is very powerful adégant, it doesn’t take much typing to do complex
things

« If you learn the basics you can then teach yourself

* R can do every basic statistical analysis, and hésan incredible breadth due to the
thousands of add-on packages (including severglusaful for ecological data)

* New methods are constantly becoming available

* R analyses are written as scripts, this means wwe An entire record of your analysis,
you can send it to someone else

« Some analyses (e.g. resampling species) effectivedyire programming, or very
specialist packages
However it is equally important to point out disadvantages:
* R's programming language paradigm means that feaRican take some time

« The syntax can be confusing and frustrating, esfigcif you haven’'t done any
computer programming before

« It can be especially difficult if you are used wirth analyses by “point and click”
» Error messages may not be helpful for beginners

* There’s often many ways of doing the same thing

» Packages can be of variable quality
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* People new to R should seriously consider undergpkome formal training in order to
get the best start

Hence If you only dip into statistics and just wdatdo a quick one-off analysis you are
probably better off using a point and click packageh as Minitab or Genstat.

7.2 Data formatting

The WISER database structure lends itself well ridentaking analyses of this sort, however
gueries need to be written to organise the dataetanalysed into a single flat-file structure.
Figure x gives an example of this structure for \\WIRBata. All of the required information for
each macroinvertebrate sample needs to be a sepgargte row in the table. A separate column
is needed for the values for each response varighéeroinvertebrate metric) and separate
columns are needed for the sample descriptive éata.minimum, such descriptive data only
needs to be a column for lake identity of the s&rgid a columns distinguishing individual
sampling stations within the lake. However, it ighly beneficial to include explanatory
variables as mentioned above. Where these corrdsfohigher-level groupings (e.g. lake),
they will be repeated: for example:

Lake Replicate | Metric | Total phosphorus for
(station) lake (ug/ml)
A 1 4.1 100
A 2 6.7 100
A 3 8.5 100
B 1 2.1 200
B 2 3.6 200
B 3 3.7 200

When reading in data, any coding system that usesbars for higher-level grouping variables
must be converted into factors. In the above examrgplicate is the lowest level of the model,
hence it forms the residual and is not specifigalieitly in the model.

Page 94/105



WISER

Deliverable D2.1-1: Formatvorlagenvorschlag ask

o Ll e s ISER columns examplels [Compatibility Mode] - Microsoft Excel &
=) ]‘?ﬂ: et Peorlyout  Fomues @ -
i] b cut il o -l el ‘ﬂ ‘I‘Inrma\ | Bag Good Neutral om 7?« :_I St A? ﬁ
143 copy |52 = A @] Fill - 7
Paste F Fomst paater || BAEATR] [ S A @y B [calcutatio | chec | exvlanaton Input o || ot Delete Fomat | T ind &
Clipboard Font Number (2 Styles calts Editing
[ c19 - £e[1 53]
A B C D E E G H 1 J K L M g
1 _CountrylD \ Lake ‘ LakeDepthStation ‘ SampleMethodID ‘Replica&eNclSubsampIeBioNo‘ SubsampleBioMethod ‘DataType‘ TaxonID \TaxonUnit‘ TaxonValue [
2 FR Caramany deep van dorn sampler 1 1 Fluoroprobe_BBE pigment  chiorophyll  pg/l 4.40 i
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4 FR Caramany deep van dorn sampler 1 1 Spec. ISO 10260 ethanol pigment  chlorophyll g/l 3.47
5 FR Caramany deep van dorn sampler 1 2 HPLC pigment  chiorophyll  pg/l 2.88
6 |FR Caramany deep van dorn sampler 1 2 Spec. ISO 10260 ethanol pigment  chlorophyll g/l 3.87
7 |FR Caramany deep van dorn sampler 2 1 HPLC pigment  chiorophyll  pg/l 3.37
8 FR Caramany deep van dorn sampler 2 1/Spec. ISO 10260 sthanol pigment  chicrophyll  pg/l 267
9 FR Caramany deep 3 0.5 Fluoroprobe_BBE pigment | chlorophyll g/l 345
10 |FR Caramany mean depth van dorn sampler 1 1 Fluoroprobe_BBE pigment  chiorophyll  pg/i 5.15
11 FR Caramany mean depth van dorn sampler 1 1 HPLC pigment  chicrophyll  pg/l 4.70
12 FR Caramany mean depth van dorn sampler 1 1 Spec. ISO 10260 ethanol pigment | chlcrophyll  ug/l 3.87
13 |FR Caramany mean depth van dorn sampler 1 2 HPLC pigment  chiorophyll  pg/l 5.76
14 FR Caramany mean depth van dorn sampler 1 2 Spec. ISO 10260 ethanol pigment  chicrophyll  pg/l 5.21
15 FR Caramany mean depth van dorn sampler 2 1 HPLC pigment  chlorophyll g/l 4.93
16 |FR Caramany mean depth van dorn sampler 2 1/Spec. ISO 10260 ethanol pigment  chiorophyll  pg/l 2.34
17 |FR Caramany mean depth 3 0.5 Flucroprobe_BBE pigment  chiorophyll g/l 4.43
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Figure 7.1. Example of flat file data structuretahie for importing to R.

7.3 Examples of simple analyses
Here examples will be presented using R code, ubmgme package in R.
A simple variance components model would take ¢inenf

my.nodel .1 <- |me(MetricvValue ~ 1, randone~1| Countryl D Lake,
dat a=nydat a)

summar y( ny. nodel . 1)

MetricValue is the response variable. ~1 referhéofact that an overall intercept (i.e. an overall
mean) is the only fixed effect that is fitted. Trendom= part of the model specifies the
structure of the data. In this case there are twopmng variables, “country” and “lake within
country”. Replicate within lake is the lowest lewa grouping and this forms the residual, it
does not need to be specified explicitly. This ma&dimates independent variance components
for country, lake and within-lake location. Thetdatvariance is what is needed for further
incorporation of uncertainty, for example in thevi&/ISERBUGS software (see WISER web-
site) for assessing uncertainty of status clasked/simulating the effects of different sampling
strategies such as number of stations per laketlfe),central limit applies, the appropriate
variance bein@?/n, wheres? is the variance between stations within a lake.

A more complex model would be

my.nodel .2 <- Ine(Metricvalue ~ LakeTP + StationBankMod,
random=~1| Countryl DY Lake, dat a=nydat a)

summar y( ny. nodel . 2)

Page 95/105



WISER

Deliverable D2.1-1: Formatvorlagenvorschlag ask

In this case there are two fixed effects, LakeTPmisasured at the lake level (one Total
Phosporus (average) value per lake) and explamgetblly) part of the between lake variance
in the metric. It possibly also partly explains ieace between countries, but cannot explain
variance within lakes. StationBankMod is a bank ication metric with is measured for each
station at each lake, hence it may explain withikel variance and potential some variance at
higher levels as well.
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Chapter 8. Design of the WISER sampling campaign

Martin Pusch, Gwendolin Porst

8.1 Introduction

Lakes may be impacted by a variety of anthropoggtiigences, e.g. by the alteration of water
levels, by acidification and other deteriorationwditer quality, by the development of lake
shores, or by the introduction of alien species.oAgithose, nutrient enrichment is the most
widespread pressure affecting European lakes (8voliret al. 2006), leading to their
eutrophication. Therefore, currently most approacassessing the ecological status of lakes
traditionally focus on its primary producers, paytoplankton and macrophytes. In contrast, the
ecological effects produced by hydrological and photogical alterations to lakes have been
studied to a much less extent (Solimini et al. 2006

However, recent research has demonstrated thatfuhetioning of lake ecosystems is
fundamentally influenced by terrestrial inputs ofganic carbon, which often forms a
guantitatively dominating component of lakes ttsatiso significantly used by food webs and
thus largely shapes biotic assemblages (Vadebonevel 2002, Pace et al. 2004, Carpenter et
al. 2005, Jansson et al. 2007). The dominancelafjigeproduction has obviously developed in
many lakes only after anthropogenic eutrophicafitedeboncoeur et al. 2003).

Urban development of lake shores accompanied lyadilbns of lake shores tends to interrupt
functional linkages between the pelagic zone of léke and adjacent aquatic and terrestrial
shoreline habitats (Christensen et al. 1996, Rako&sGoeman 2001, Larson et al. 2011,
Brauns et al. accepted). Moreover, the use of lakelsoating and navigation creates artificially
increased hydraulic stress in littoral zones thiotige ship-induced waves that affect wind-
sheltered shorelines, too (Gabel et al. 2008).

The composition of the assemblages of aquatic iebextes in lakes basically respond to all
major natural and anthropogenic factors relevanttlie lake ecosystem. Their sensitivity to

these factors gradually changes along a depthegradirhe assemblages of profundal inverte-
brates are mostly shaped by the availability ofalged oxygen in the hypolimnic zone, which

in turn may be significantly reduced by eutrophimat(Bazzanti & Seminara 1995, Rossaro et
al. 2006). In the sublittoral, and even more in th®ral zone, the effects of natural or

anthropogenic hydrological and morphological (sumeeal as hydromorphological) conditions

dominate (O’Connor 1991, Brauns et al. 2007b, Bsaetral. 2008, Gabel et al. 2008, Free et al.
2009), while eutrophication may affect even littaravertebrates, especially in specific meso-
habitats that are structurally affected by eutrogtion (Mastrantuono & La Rocca 1988,

Pieczynska et al. 1999, Brauns et al. 2007a, Don@009a, b).
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Hence, ecological assessment tools based on |alkgtebrates may potentially indicate the

effects of several modes of human pressure. Asriimgpassessment system for eutrophication
already exists, it was decided to target efforthwvithe WISER workpackage 3.3 to develop an
assessment approach for morphological alteratidnkke shores. These seem to be quite
widespread within the more densely populated regiminEurope. Other hydromorphological

alterations, as the manipulation of water levelta&es, or the creation of ship-induced waves,
seem to be regionally more restricted, or mainlguodn lakes, which are defined as artificial

water bodies by the EU Water Framework Directive.

The decision to use littoral invertebrates for bibcation purposes was encouraged by studies
that recommended their use, as the inherent spatiporal dynamics of their community
composition (Picket & White 1985) can be met by appropriate design of sampling and
analytical efforts (Brauns et al. 2007a,b, DonoR0G689 a,b, Free et al. 2009, Johnson 1998,
2003, White & Irvine 2003, Johnson & Goedkop 208&limini et al. 2008).

The work approach of workpackage 3.3. ‘Lake invandées’ thus implicitely assumes that

)] hydromorphological alterations constitute importanipacts to the ecological
integrity of European lakes,

i) that pressure-specific assessment tools shouldrdferged to unspecific ‘general’
approaches, as the latter do not support the fdetion of promising restoration
strategies, and

i) that lake invertebrates include sufficient and alaum taxa or functional guilds (Feld
& Hering 2007) that respond sensitively to hydroptmiogical alterations, and thus
can be taken as indicator groups.

The WISER ‘Lake invertebrate’ work package thusertekes an innovative effort, which will
provide the first available assessment principkt #nables to assess the ecological effects of
morphological alterations on lake shores.

8.2 Design of sampling schedule

In contrast to other biological quality elementsre were few databases existing in European
member states that contained results from surveygtoral invertebrates, with related data on
potential morphological degradation of the samplaigs. Hence, WP 3.3 was scheduled to
analyze on one hand existing (mostly heterogenedat) from mostly national monitoring
activities, but on the other hand to conduct a aetmgnsive field sampling campaign within
WISER.

According to the WISER Description of Work, ‘theiolate aim of the field exercise will be to
guantify the confidence in classification of BQE tree results. Variability in metric scores
associated with spatial, temporal and analyticalabdity will be examined. Spatial variability
may include within-type (different lakes), withialke (different locations) and within-location
(sample and sub-sample) variability. Temporal \@lity (seasonal, inter-annual) will be
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examined, where possible, through analysis of iegjdbng-term datasets.” WISER WP 3.3 has
a focus on hydromorphology assessment, and itheila major task to disentangle effects of
eutrophication and hydromorphological degradatibtence, the field sampling campaign

follows a strategy to produce a dataset that valtlobservations within the full range of these
variables (independent variation), allowing sounthtistical analyses. The resulting

homogeneous dataset enables unbiased analyseseoprdbsure sensitivity of metrics to

hydromorphological alterations, and also the assessof uncertainty associated with sampling
procedures used. The effect of uncertainty proddc@d various sources of spatial, temporal
and analytical variability can also be studied.

Using estimates of time (cost) per sample and tloentainty associated with each technique, it
will also be possible to quantify the cost asseclawith varying levels of precision — the cost-
effective precision of sampling.

Thus, the database resulting from the WP3.3 fiaid@ing campaign should

- be based on a homogeneous sampling methodologg,ae@mmon sampling protocol,

- focus on sampling European lakes belonging to dasitype across climatic gradients.

- contain independent parallel records on the stracintegrity of sampled lake shores,
which serve as external standards, and may enaldevelop methodological elements
of low-cost assessment by supplementing biologigdh rapid abiotic assessment
surveys,

- allow the analysis of various sources of unceryadring the various methodological
steps to be conducted until an assessment scesgaislished,

- enable estimation of time (cost) needed to takepaadess samples, which together with
the information of uncertainty will allow estimagjrthe relationship between cost and
assessment precision,

In addition, it was agreed at the WISER kick-offatieg not only to apply the standard (habitat-
specific 1 i) sampling protocol, but to take a number of addii samples with a low-cost
method, i.e. composite habitat samples (1 min timged sampling) at each invertebrate
sampling site. In order to produce a nested, hehareally structured dataset that facilitates
analyses of uncertainty, it was agreed that sag@mould be performed once at 9 sites per
lake, with 3 sites representing low hydromorphatadipressure (reference/high status),
intermediate  hydromorphological  pressure  (good/matde status), and  high
hydromorphological pressure conditions (poor/batus).

This sampling scheme was meant to be applied tak8sl per country, i.e. 3 at reference
eutrophication level, 3 at intermediate eutrophacalevel, and 3 at high eutrophication level.
As there are 4 major partners in the WP capablpetform field campaigns, 36 lakes were
planned to be sampled, with a maximum of 5 halspeateific samples and one additional
composite sample collected at each sampling sitajreng up to a maximum of 486 samples to
be collected in each country.

From the 36 lakes to be sampled for the purpos&¥f3.3 15 lakes were initially planned to
be sampled for the cross-BQE exercise, in ordenttble harmonisation of assessment results.
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However, it turned out during the WISER kick-off etieg that there were hardly any lakes
available (with existing monitoring data for seueBalogical Qality Eements already existing)
that met

- the requirements for the WP 3.3 field campaigrooa side (focusing on hydromorphological
pressure)
- and at the same time for WPs 3.1. 3.2 and 3aug§iog on eutrophication pressure).

Hence, it was not possible to identfy 15 cross-BgKes as part of the WP 3.3 specific lake list.
Additional sampling was performed voluntarily byBGn Denmark, SYKE in Finland and by
CEH in the UK. Lakes were selected from three comiake types representing three European
regions (GIG regions):

- Northern — Low alkalinity, deep lake (L-N2b)
- Central / Atlantic: High alkalinity, shallow lakg-CB1 / L-A1/A2)
- Mediterranean: High alkalinity, deep reservoirNI8)

8.3 Implementation of the sampling campaign

A common WP 3.3 lake macroinvertebrate samplinggoa was agreed among all WP 3.3
partners during a WP 3.3 workshop in Berlin in A@009. Morphological alterations were
classified as “soft alteration” (e.g. riparian cleatting, recreational beaches) and “hard
alteration” (e.g. retaining walls, rip-rap). Maangertebrate samples should be collected from 3
soft alteration, 3 hard alteration and 3 unmodifsges within each lake. Each sampling site
should represent a shoreline section of minimurm2&ngth representing either soft alteration,
hard alteration or unmodified sites. If either lo¢ two alteration types was not present at a lake,
the number of sampling sites was still kept cortsf@rsites per lake). Sampling was carried out
in the season commonly used for aguatic invertelsatveys in each ecoregion.

At each sampling site a number of habitat samptesithum number of habitats = 3; number of
habitat samples kept constant among all samplieg sind lakes in each country, even at sites
which only showed one or two habitats) plus one posite sample had to be collected.
Composite samples comprised a standardised 1 micromgertebrate sample including
sampling of all available habitats proportionaltheir availability within each sampling site.
Habitat-specific samples comprised the collectibd m? samples per habitat, which is an area
that will comprise most of the species present (@bkr & Brauns 2010).

This agreed sampling schedule also reflects theomg of extensive discussions on a balanced
sampling scheme held with WP 6.1 (Uncertainty)hat WISER kick-off meeting in Mallorca.
Originally it was planned that nine lakes shouldskécted in Sweden, Ireland, Germany and
Italy which should cover a range of trophic pressu(oligotrophic, mesotrophic, eutrophic
states represented ideally by 3 replicates each) ideally show two different shoreline
morphological alteration types in each of the del@takes.
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The actually planned number of 36 lakes to be sathppl WP 3.3 increased to 51 lakes, as 15
additional lakes selected for the WISER uncertaiiglygl exercise, which partly did not possess
all necessary morphological alteration types, hadbe sampled for macroinvertebrates
additionally. In Italy, 2 additional lakes were galed, in order to adequately cover both Italian
lake areas in Northern and Central Italy. This swmpsto a total of 39 lakes, which were
sampled according to the agreed WISER WP 3.3 sammdrotocol. Further 12 lakes were
sampled for macroinvertebrates in order to meetréggirements of the WISER uncertainty
field exercise, including cross-BQE comparisonsly@nose cross-BQE lakes which fitted the
WISER WP 3.3 sampling protocol were sampled acogigi From the additional lakes only
composite samples were collected.

During the sampling protocol workshop in Berlin iatroduction to the Lake Habitat Survey
(LHS) methodology (Rowan et al. 2004, 2006) wasegjvand it was agreed to conduct a
complete LHS for each lake as well as hab-plot/sgecific LHS at each macroinvertebrate
sampling site.

Sampling for lake benthic macroinvertebrates udimg agreed WP 3.3 common sampling
protocol has been accomplished in all countriesl@fd: 4 lakes, September/October 2009;
Germany/Denmark: 11 lakes, April/May 2010; IrelaBdakes, April/May2009; Italy: 15 lakes,
August-November 2009; Sweden: 9 lakes, Novembe®2QK: 3 lakes, October 2009). In
some lakes, the general sampling schedule had todaified, as not all pressure levels were
encountered and sometimes only composite samplestaken in order to keep total number of
samples within feasible limits. Whole lake and Ipddit/site-specific LHS has been carried out
in all lakes in all countries (Finland: Septembeittber 2009; Germany: August 2010; Ireland:
September 2009, Italy: October 2009; UK: Octobedd@@D0For details on the number of samples
collected in each lake and country and records b8 please see Table 1.

Table 1: Overview on the 51 WISER WP 3.3 lakesmachfor macroinvertebrates according to WP 3.3z
protocol, including number of stations and habisdampled per lake. ‘Cross-BQE’ = Lake sampled fdSER
cross-BQE intercalibration exercise. No. per countiTotal no. of samples per country.

No. per
Country  Cross- Latitude Longitude Shoreline types Number of habitats Countr
Code BQE Lake Name (WGS 84) (WGS 84) sampled sampled y
3 Soft, 3 Hard, 3 Up to 3 per site plus
DE X Glindower See 5221.413'N 12%55.760' E Unmodified 1 composite
3 Soft, 3 Hard, 3 Up to 3 per site plus
DE X Grienericksee 5306.406' N 12%53.289'E Unmodified 1 composite
3 Soft, 3 Hard, 3 Up to 3 per site plus
DE Muggelsee 5226.274'N 13936.750' E Unmodified 1 composite
3 Soft, 3 Hard, 3 Up to 3 per site plus
DE Roblinsee 53°0.966' N 13907.320'E Unmodified 1 composite
DE X Roofensee 5306.697' N 13902.168'E 3 Soft, 3 Unmodified Only composite
3 Soft, 3 Hard, 3 Up to 3 per site plus
DE Stienitzsee 52%30.219'N 13%49.399' E Unmodified 1 composite
3 Soft, 3 Hard, 3 Up to 3 per site plus
DE Werbellinsee 52%55.446' N 1342.837'E Unmodified 1 composite
3 Soft, 3 Hard, 3 Up to 3 per site plus
DE Schwedtsee 5311.335'N 13 9.538'E Unmodified 1 composite
DE Unteruckersee 53°16.699' N 13%2.276' E 3 Soft, 3 Hard, 3 Up to 3 per site plus 294

Page 101/105



DK

DK

Fl

Fl

Fl

Fl
UK

UK

UK

WISER

Fussingsg

Nordborgsg

Saaksjarvi

Vuojarvi

Jyvasjarvi

Iso-Jurvo

Rostherne Mere

Loweswater

Grasmere

Muckno

Oughter

Brackley

Garadice

Scur

Rinn

Rea

Cullin

Carra

Segrino

Bolsena

Montorfano

Alserio

Candia

Piediluco

Nemi

Monate

Martignano

Pusiano

Albano

Deliverable D2.1-1: Formatvorlagenvorschlag ask

56728.264' N

5503.479' N

62°10.458' N

6224.814' N

62°14.477' N

62.609154' N
5321.240'N

5434.980' N

5427.000' N

54907.252 N

54900.702 N

54908.337 N

54903.029 N

54901.992 N

53%3.955 N

53711.854 N

53%8.961 N

5342.610 N

45%49.875' N

4235.908' N

45%46.943' N

4547.159' N

45°19.471' N

4232.006' N

4142.712' N

4547.707' N

42%.742' N

45%48.026' N

4144.928'N

9%2.300' E

945.645' E

25%44.010'E

25%6.289' E

24°12.432'E

25.938997' E
223.100' W

321.360' W

3°1.320' W

643.749 W

727.351 W

743.100 W

741.755 W

7%57.756 W

751.347 W

834.489 W

9°11.852 W

9°13.484 W

9°16.146' E

1156.321'E

98.311'E

9°12.905' E

754.694' E

12%45.313'E

12%42.106' E

839.809' E

12°18.927'E

9°16.416'E

12%40.119'E
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3 Soft, 3 Unmodified Only composite
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7 Soft, 2 Unmodified
3 Soft, 3 Hard, 3

Unmodified
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Up to 3 per site plus
1 composite
Up to 3 per site plus
1 composite
Up to 3 per site plus
1 composite
Up to 3 per site plus
1 composite
Up to 3 per site plus
1 composite

3 Soft, 3 Unmodified Only composite

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Hard, 3 Soft, 3
Unmodified

3 Soft, 3 Hard, 3
Unmodified

3 Soft, 3 Hard, 3
Unmodified

3 Soft, 3 Hard, 3
Unmodified

3 Soft, 3 Hard, 3
Unmodified

3 Soft, 3 Hard, 3
Unmodified

3 Soft, 3 Hard, 3
Unmodified

4 Soft, 1 Hard, 4
Unmodified

3 Soft, 3 Hard, 3
Unmodified

4 Soft, 5 Unmodified
3 Soft, 3 Hard, 3

Unmodified

4 Soft, 5 Unmodified

Only composite

Only composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

Up to 3 per site plus
1 composite

42

144

24

324
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3 Soft, 3 Hard, 3 Up to 3 per site plus

IT Vico 42°19.117'N 12°10.616' E Unmodified 1 composite
3 Soft, 3 Hard, Up to 3 per site plus
IT Varese 45%8.684' N 844.350' E Unmodified 1 composite
3 Soft, 3 Hard, Up to 3 per site plus
IT Bracciano 42°7.255'N 12°13.588' E Unmodified 1 composite
3 Soft, 3 Hard, Up to 3 per site plus 540
IT Iseo 4543 N 1005 E Unmodified 1 composite
60° 3'33.710 3 Hard, 3 Soft, Up to 3 per site plus
SE Véllen "N 18°19'0.530 "E  Unmodified 1 composite
60° 41'53.264 3 Hard, 3 Soft, Up to 3 per site plus
SE Ojaren "N 16°49'3.608 "E  Unmodified 1 composite
60° 22'10.870 3 Hard, 3 Soft, Up to 3 per site plus
SE Hedesundafjarden "N 17°1'31.102 "E  Unmodified 1 composite
60° 28'51.244 17° 22'43.165 3 Hard, 3 Soft, Up to 3 per site plus
SE Storfjarden "N "E Unmodified 1 composite
60° 31'49.498 16° 44'17.682 3 Hard, 3 Soft, Up to 3 per site plus
SE Storsjon "N "E Unmodified 1 composite
60° 14'21.034 16° 47'15.569 3 Hard, 3 Soft, Up to 3 per site plus
SE Farnebofjarden "N "E Unmodified 1 composite
59° 13'51.488 3 Hard, 3 Soft, Up to 3 per site plus
SE Magelungen "N 18°6’17.395"E  Unmodified 1 composite
60° 35'10.111 3 Hard, 3 Soft, Up to 3 per site plus
SE Runn "N 15°45'3.402 "E  Unmodified 1 composite
60° 46'33.841 15° 53'25.541 3 Hard, 3 Soft, Up to 3 per site plus 324
SE Svardsjon "N "E Unmodified 1 composite
Total 1692

Subsequently, the macroinvertebrate samples weegsed, which took 1 — 1.5 years at the
various partners. During the WISER kick-off meetiimgMallorca it was agreed to collect
additional pooled “composite” macroinvertebrate gka® (pooling all habitats) and to test the
usefulness of composite sampling as alternative-effisient assessment method. With the
purpose to assess the costs saved and the podssiblen assessment precision by collecting
composite instead of habitat specific macroinveeth samples, at each sampling site one
composite sample was collected additionally to ttivee habitat specific samples during the
field campaign of the WP 3.3 lake macroinvertebtaan.

The collection of composite samples and habitatpd@sndoes involve generally the same
amount of time with the average time to collectreeemposite or habitat sample accounting for
0.4 hours. For the composite sampling method theatmn of only 1 sample per site would be
necessary, the habitat specific sampling methodiekier, involves the collection of at least 3
different habitat samples (ideally sand, stone madrophytes) and is, thus, more time and cost
intensive (composite sampling per site = 0.4 hobehitat specific sampling per site = 1.2
hours; average over all countries). The time arst-etfectiveness of the composite sampling
method is, moreover, supported by time estimatesdding of macroinvertebrate samples per
site (example from lake Werbellin, Germany: avertige to sort a composite sample per site =
10.2 hours; average time to sort 3 habitat spesdmaple per site = 30 hours). The usefulness of
the apparently more cost-efficient composite samgpihethod for monitoring of lakes, however,
stills needs an in depth analysis of the completSER WP 3.3 lake macroinvertebrate data set.

Page 103/105



WISER

Deliverable D2.1-1: Formatvorlagenvorschlag ask

It has to be assessed whether the results genersiagl the composite sampling method are
equally precise when compared with the more tinensive habitat specific sampling method.
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