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Introduction

Fish assemblages of large rivers are highly divesamunities (Schiemer 2000). Their
community composition generally consists of a femnmon (core and secondary) and a
majority of rare species (Magurran et al. 2011 )gdmeral, historical (i.e. geologic history)
and contemporary processes are responsible fapiaes number in any region (Wotton,
1998). At the contemporary regional scale, habdatlity (availability, condition;
Schlosser 1991; Wootton 1999), flow regime (disghaand temperature) (King et al.
2003, Poff et al. 1997) and water quality (polladiccontrol the diversity of river fish
communities (Gorman et al. 1978).
Fish assemblages diversify alongside the courdargé rivers (lllies et al. 1963), due to
gradually changing environmental factors and appgaand disappearing of ecological
niches (Vanotte et al. 1980). On a smaller scahglles fish species are adapted to specific
environmental conditions, based on their morpholamtogeny and behavioural aspects,
as for example different species or life stagesiirecdifferent food sources and spawning
site preferences differ between species (Schld€gkt).
Gaining information of fish assemblages, especialiyarge rivers is a very difficult task,
as no single uniform method exist, which addregbesfish assemblages as a whole.
Multiple fish sampling methods need to be appledet data of the total fish assemblage
at hand, as the suitability of different methodsiesabetween different habitat types and
species, as all fishing methods are selectivejqodatly with respect to species and fish
size (Growns et al. 1996). Therefore the combimabd different sampling methods is
necessary to estimate the overall species richradggydance and population dynamics
(structure, size) of large river fish assemblagsseach method favours different kinds of
fish, regarding size, development and life staged habitat preferences of different
communities (litoral, pelagic, benthic).
A simple combination of data, by using the untrdaombined data sets is not
accomplishable as the basis and methodology foh ekta set differs substantially
between the methods. However, for looking at tmee't (or a “less false”) picture of the
fish assemblage at hand a combination of the esildifferent sampling methods is
required. For this purpose a standardization od datequired to compare and to combine
the catch data of the three methods, providing khewledge to answer questions
regarding species composition, abundance pattahbiadiversity in a more general way.
The binding of fish species, and also of differkfet stages (larvae, juveniles and adult
fish) to specific habitats and their long spanif&# (several years to decades), make them
7



excellent indicators for status and type of watgdibs (Karr 1981, Schiemer et al. 1994).
This information is essential as nowadays riverraegtion is a general issue of large
rivers (Aarts et al. 2004, Allan et al. 1993, Geteal. 1995, Humphries et al. 2000, Nilsson
et al.2005, etc.). Like many large Rivers the Danub affected by anthropogenic
alterations and enhanced land and water use (Bbah €000), Chovanec et al. 2005,
Reckendorfer et al. 2005, Schiemer et al. 1989)eé&ially habitat loss (Aarts et al. 2004)
reduced shore heterogeneity (Schiemer et al. 280d)altered water dynamics, due to
shore embankment, disconnection of side arms arttoblectric power dams cause
decline of diversity and alterations within the ptation structure (Schiemer 2000). Main
causes for the decline of fish assemblages in lavges are the poor condition, the low
abundance or even the total absence of suitingrspg, nursery and foraging habitats
(Schiemer et al 1991; Schiemer et al. 1994).

On its 350 km long course through Austria, the Denstill holds a diverse fish fauna of
57 native fish species. Several of these fish lgetorendemic, endangered and rare species
(Jungwirth 2003; Spindler 1997). Especially the aargkred and rare fauna elements are
concern of wildlife conservation, such as the Fleaaina Habitat Directive (Annex Il and
V) and the Water Framework Directive.

To improve the situation within disturbed systemss important to understand the role
and function of different habitat types for sindlish species and the whole fish
assemblages. Knowledge about the habitat use fefetlit fish species (Galat et al. 2001,
Erds et al. 2008, Schlosser 1991) is crucial festamtion projects, as it allows the setting
of concrete measures to improve the situation tdfrapogenic altered rivers (Jungwirth et
al. 2002), as a key element of conservation prograre self-sustaining populations. For
this purpose the presence and availability of intawd ecologically “working” habitats
(Chovanez et al. 2005; Schiemer et al. 1989; Sahehal. 1994; Spindler 1997) and the
continuum between these (Schiemer et al. 1991)asie prerequisites.

The present study refers to species occurrencejespeomposition and fish abundance
collected simultaneously during a three monthsogkin three reaches of the main stem of
the free flowing stretch of the River Danube edstienna. Three sampling methods (boat
electro fishing, wading electro fishing and longelifishing) were carried out to quantify
the fish assemblages of three Danube reaches vgifbred anthropogenic alterations
during the river regulation of the late™ @entury.

With regard to community composition, diversity,uadance and fish size the following
questions are to be answered for each applied methd for an integrative approach of all
methods combined:



1. Are there differences between the Danube re@ches
2. Are there differences between pre-defined mdstdts, irrespective of the reach?

3. Does the fish assemblage change during the sagperiod?

The knowledge obained through answering these igusstshould highlight the
importance of the main stem for the diversity a¢ flsh community and might help with
pressing issues concerning wildlife conservatiod aronitoring programs. For species
protection it is important to know when and wheneangered and species at risk might be
found and also where and under which conditionasiwe and exotic species are dominant
(Schiemer et al. 1989). As most of the large river&urope are altered by embankment
and reduced lateral connectivity (Dynesius et 8B4l Schiemer et al. 2007), alterations
within the monotonous course might dramaticallyeetffthe fish community (Schiemer et
al. 1989). Therefore it is important to gain infaton about the informative value of
single reaches (several kilometres) in contradtigger segments of large rivers (like the
Danube east of Vienna to the Slovakian border)tasight be important for ongoing
monitoring programs, like the Water Framework Dinex, if sampled areas are
representative for whole river stretches or not.

In order to get more detailed information on thie&fof sampling method, sampling area
and mesohabitat on community composition of fisthie main channel of a large river, a
detailed analysis of assemblage structure and\maglty for three single methods, at the
reach- and mesohabitat scale, as well as seadomadjes, were compared with results of
combined data of all three methods. This approachbles to quantify the added
informative value of data integration in contrast information gained from single
methods. Also, it will allow determination of qusliand applicability of single methods
for specific questions of river and fish ecologydgresent a contribution to enhance the
guality of basic information, required for consdrea issues, and to design experimental

sampling schemes required for river restorationraadagement.
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Study Site

The Danube is longest river in the European Unidth & length of 2848 to 2888 km
(based on the definition of its spring). The originthis second longest stream of Europe
(the longest is the Volga) lies within the Schwaaitvin Germany and disembogues in a
five armed delta in the territory of Rumania anddawia. The mean annual discharge is
6450 m38 draining a catchment area of 817.000 km?2 (www.d&nemission.org).

Due to the east-west flow direction of the Danutie not only an important waterway for
trade and tourism, it is also a bio corridor witthigh biodiversity, linking the fauna of
Central Europe with the Ponte Caspian and InnearAsegion. The Danube holds 60 fish
species, 52 of them autochthonous.

The Austrian stretch of the Danube is 350 km losgream kilometre 2223.15 to
stream kilometre 1872.70) and is part of the spragjon (rhithron), reaching from south
western Germany to the Austrian/Slovakian bordére Austrian catchment area of the
Danube consists of approx. 80.000 km2, 96% of thestan territory. Four major
tributaries (Inn, Traun, Enns, and March) affee tlischarge, enhancing it from 1430 m3s
! (the annual mean discharge of the Danube entekimgiria) to 2020 m35 (at the
Slovakian border). The possibility for flood evemdshighest in March and April, when
snow melts and rainfall induce high water levels.

Under natural condition, the Danube in Austria basn a braided river with a variety of
side arms, back waters and ox bows. Due to thelyhigdriable hydrodynamics of the
stream big amounts of sediment were moved, builgnagel banks, causing furcations and
developing large flood plains. Starting in the niéddf the 18 century, the Danube has
been victim of several regulative measurementaifgitening and fixation of the bank and
the river bed, disconnection of side arms and lveaters) to ensure safe passage for the
increasing shipping travel. In the 1950s the boddof hydro-electric power plants has
started. Today, there are 10 hydropower statiadnsitedd in the Austrian Danube, leaving
only two “free” flowing stretches: the Wachau art tDanube east of Vienna which
became a National Park (Nationalpark Donauaueh 6.

Within the National Park the three study sites sitaated (fig. 1): the Danube reach
Witzelsdorf (*“WITZ”)” near Petronell-Carnuntum, theeach Bad Deutsch Altenburg
(“BDA”) and the reach near Hainburg (“HAIN").
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Figure 1: the three Danube reaches within the Nati®ark “Donauauen”: yellow marked the Danube lieac

Witzelsdorf (WITZ), green marked the reach Bad BehtAltenburg (BDA) and red marked the Danube
reach Hainburg (HAIN).

The Danube Reach Bad Deutsch Altenburg
The Danube reach Bad Deutsch Altenburg (BDA, figis2situated near the city of Bad
Deutsch Altenburg, between the stream kilometred#B and 1887,5. This reach has a

length of 2,95 km and covers an approximate are@®f km? (measured with ImageJ),
with a mean river width of 344 metre.

Figure 2: Danube reach Bad Deutsch Altenburg, therglines mark the borders of the reach.
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Approximately 45% of the cumulative length ob betiorelines (right and left) is covered
with rip raps, 28% is formed by groin fields, 25%dravel banks and 2% of the shoreline
Is formed by discharging side arms.

The Danube Reach Witzelsdorf

The Danube reach Witzelsdorf (WITZ, fig. 3) liesstream of Hainburg, near the city of
Petronell — Carnuntum and the village Witzelsddrhe sampling site within WITZ
expands from stream kilometre 1890,7 to 1893,5 witbngth of 2,8 km, a mean width of

approximately 360 metre and a mean area of 1,02 fm&asured with ImageJ).

il ! s ' E i 1
;- * S ; i )
e AL o i £ s A - o

Fgure 3: The Danube reach Witzelsdorf, the yellim/s mark the borders of the reach.

Approximately 44% of the cumulative length ob betiorelines (right and left) is covered
with rip raps, 25% is formed by groin fields, 29% dravel banks and 2% of the shoreline
is formed by a discharging side arm.

The Danube Reach Hainburg

The third Danube reach (REF, fig. 4), near the oftidainburg is situated between stream
kilometre 1880,8 and 1883,5. This reach is 2,7 &ngland covers an approximate area of
0,82 km2 with a mean river width of 289 metre.

Approximately 43% of the cumulative length ob betiorelines (right and left) is covered
with rip raps, only 5% is formed by groin fields8% by gravel banks and 4% of the
shoreline is formed by a discharging side arm.
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Figure 4: The Danube reach Hainburg, the red linask the borders of the reach.

Mesohabitats

The mesohabitats in this study have been classiigghlly due to structural changes of
the natural shore line. The proportion of them imitthe three Danube reaches has been
visually measured from ortho photos with the progtenageJ (http://rsbweb.nih.gov/ij/).
Five different mesohabitats have been classifiedl sampled: groin fields (GR), gravel
banks (GB), rip raps (RR), pools (PO) and side ai$4y.

Groin Fields

Groin fields are structures made of stone blockmdar stones), positioned in a right
angle to the shoreline and directed toward the rohamnel. The aim of a groin field is to
direct the counter-current into the navigation cteinensuring that there is enough water
left for shipping, especially under low flow condits.

The current velocity within the groin field is rezhd in comparison to the main channel
leading to elevated sedimentation rates.

Rip Raps

Rip raps are artificial shore lines made of armstone, preventing erosion of the shore
line. Especially at undercut slope situations (olgsend) in the main channel, the high
kinetic energy of the current would lead to enhanegosion without this structural
measure.

14



Rip raps tend to have steep bank angles, highvkacities and rapidly rising water depth
towards the navigation channel due to the exposifrthe strong current at undercut

slopes.

Gravel Banks
Gravel banks tend to have a lower depth gradiema the navigation channel and are
situated on slip-off slopes (inside bend). Theyehheterogeneous current situations and a

more heterogeneous sediment configuration (fromrohiibal to psammal).

Pools

Pools are deep regions within the main channelchvisiccur due to the interaction of
current velocity and turbulence. Such situationssteat groin heads and other river
engineering structures (e.g. hydroelectric powang)aand cause digging (literally) into

the sediment, leading to very deep regions (u2t)1l

Side Arms

For this study “side arm” is the mesohabitat nameiflets and outlets of side arms
parallel to the main channel. Under low flow coradis some side arms are disconnected
from the main channel, leading to low current vles and the sedimentation of sand and

silt of which the sediment is mainly composed.
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Material and Method

Fish Sampling Methods

Three different fish sampling methods have beendgoted to sample five types of

different mesohabitats (gravel bank, rip-rap, grtehd, pools and side arm) and all depth
classes (from the litoral to the benthic zone).uFeg5 shows a schematic picture of the
effective area for the different sampling methogpli@d. The shore line (littoral) of the

main channel and side arms have been sampled byngvatbng the shore with a hand

anode, boat electro fishing has been conductedtheapank (sublittoral) and long lines

have been set in an angle of approx. 90° from lloeesto the river bed.

) Wading Electro Fishing
. Boat electro Fishing

Long Line Electro fishing

Fig. 5: Schematic description of the effective afgeey colours, black lines) for three differentrgding
methods shown in a cross section of the main chamueside arm. Long line fishing and boat eledisbing
has also been conducted in the side arm, but isapatrately indicated (adapted after Keckeis &l0).

Electro Fishing

Electro fishing is an active fish sampling methathere an electric field is used to catch
fish. This electric field is generated by sendimgat current flow electricity in the water.
The fish within the field are immobilised and areedted to the anode (galvanotaxis)
where they can be collected. Electro fishing isemtlg fish sampling method and is
therefore often used in ecological studies in River

The radius of the effective field is as a rulelaimb between 1,5 and 3 meter wide (Nelva
et al., 1979; Persat et al. 1990), limiting thectte fishing through water depth. Other
abiotic parameters, like water temperature (ZalewskKCowx, 1990), conductivity and
turbidity of the water, current velocity, habitatusture and the sediment also affect the

catch efficiency (see also Peter & Erb, 1996).
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Species specific parameters also affect the “chitityd of fish. On one hand, the body
conductivity differs by a factor of 3 between diffat fish species (Sternin et al., 1972) but
more important than physiological differences are size and behaviour of fish. The
“catchability” of benthic fish species, like bulll gudgeon, stone loach and lamprey is
most affected by sediment composition. Pelagicserdipelagic species avoid the electric
field and show escaping behaviour. Therefore spewd fish communities are more
difficult to quantify than communities with a lowpacies number. In general, catching
bigger fish is more likely due to a higher potenhtidference in the electric field between
head and tail (Chiemelewski et al., 1972).

All electro fishing (boat and wading) was carriedt @y using one type of aggregate
(Grass®EL 64 II, 300/600 volt switch able, 7kwW output) WwiB00 volt. For wading a 250

m cable drum was used to supply the current foatiwle.

Boat Electro Fishing

Boat electro fishing has been conducted to sampte litoral and sublitoral fish
assemblage. The boat used for fishing carried atbilng a rack formed anode arm (3
meters length). Six anode cables were hanging fr@harm, ranging approx. 10 — 15 cm
under the water surface. The cathode was a cop,ccarried in the last third alongside
the boat.

Method

Two persons, standing on the bug, were catchingntineobilised fish with dip nets, one
person controlled the boat. Due to the low drafthef vehicle, sampling was possible till a
water depth of 20 centimetres while the effectilectic field lasted to 2-3 meters water
depth. The actual depth was recorded with an eohader and the sampled stretch was
geo-referenced every second during sampling.

Wading Electro Fishing

Wading electro fishing is used to sample the fisteanblage of the litoral zone. The anode
used for this method consisted of a 2,3 meter joolg with a 30 centimetre wide and 6

mm mesh size dip net, while the dip net for catghihe fish had 4 mm mesh size.

Sampling was conducted by 3 persons: one persodlihgrithe anode, one person the

additional dip net and one bucket bearer.
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Method

Fishing always was carried out upstream approacsingtures or the shore line. While
sampling the groin base, the fishing was carriedio@a right angle to the direction used
before (up- or downstream of the groin base). Thdified direction of motion was used
to enhance the catch efficiency due to the fadtithenobilised fish were drifting against
the fishing team, escaping fish were blocked bygituen and minimizing the possibility of
frightening fish through the presence of (or “btfig electric field. Turbidity caused by the
fishing team was avoided by wading upstream. Ewampling was conducted on the
shoreline or on a parallel line to the bank.

Due to the fact that the size of the electric fisldinknown and effects differ according to
species and fish size, the sampled area was thecakered by the anode, meaning the
length of the pole and the handling by the anodeera(approx. 2 meters coverage). A
sampling stretch was 20 meters long and in the hadstats groin field, rip rap and side
arm an approximate area of 48 was covered. The mesohabitat gravel bar was sdr@ple
meters away from the bank, fishing both sides (sim@ar and shore far), covering an area
of 80 nf. This modification of the sampling method was seey because gravel bars
have a very low angle of slope (low or medium wédgel) near the bank and in fact very

low water depths near the edge of the water.

Long Line Fishing

The sampling with long lines is used to descriteelibnthic fish community because of its
inaccessibility by other fish sampling methods ld@at and wading electro fishing. Long
line fishing is the adequate method to take sampt@s the riverbed, especially from
deeper regions (Matschnig, 1995). It is a passarepiing method, meaning that the line
remains stationary over a period of time. The fshively take the baited hooks and get
struck due to the resistance of the line. The lzegl lines have been designed and adapted
according to the standard procedure (Zauner €t98ll and 1996, Bjordal et. al. 1996).

An operational (ready for use) long line considt$oiowing parts: mainline, side arm or
paternoster line, swivels, hooks, bait, anchorhandine, surface marker buoy (Bammer,
Diplomarbeit). The main line is a 52 meter long thretrong braided polyester line. The
side arms are made of 20 cm long 0,40 mm strongldntaeader line with a breaking
strain of approx. 30 kg. They are mounted in 1 mg&ps on the main line and play the
role of pull linkage, breaking at very strong exjp@s The swivels are used to attach the
leaders (hook and line) fast and easily to the ardes; also they avoid twisting of the line
by turbulences.
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The hook size may affect the species and size teatgqJohanessen, 1983; Bjordal &
Lokkeborg, 1996; Hgines & Korsbrekke, 2001). Thereffive different sizes were used to
catch a broad spectrum ranging from small-sizedhierish species like gudgeons (i.e.
whitefin-gudgeon,Gobio albipinnatuy or endemic species like Danube strebéndel
strebe) to bigger—sized benthic species like barlBelrbus barbus Ready made leaders,
labelled “Allround” from DAM, were applied from 2zNr.14 (smallest) to size Nr.2
(biggest).

Anchor stones with 20 to 25 kg, connected with lo@ers to the main line, were used to
keep the line under all circumstances in placerelfions with very strong current, like
groin heads and pools, an additional anchor (2)5waps connected to the main line, 2
meters behind the anchor stone to fix the lindéoground.

Method

The boat was well anchored near structures (greadhetc.) staying in the current. Two
persons were needed to set the long line: one péx@iting the hooks, the other attaching
the leaders to the swivels. On the end of thedimearker buoy was placed and lowered on
the rear end of the boat into the river. The curstretched the long line, leaving it on the
surface and preventing entanglements. When all heake baited and connected to the
main line the first anchor stone was attached. Nuwevboat was manoeuvred to the shore
where this anchorage was lowered to the grouncerAlfiat, the marker buoy was replaced
by the second anchor stone. The long line was ndjseed in a right angle to the
shoreline and the second anchorage was lowerdx tovierbed. In pools the long line was
not adjusted in a right but in a current directadle, due to strong current and turbulences
making it impossible to anchor the line stable tighgle to the shoreline.

To retrieve the long line the first anchor near ti@in channel was retrieved and
exchanged to a marker buoy which was placed tcsathe line in flow direction. The long
line was now surface near and stretched parallgdigcshoreline. Next the second anchor
was retrieved; the boat was fixed in the flow, thme was reeled in, the hooks were
disconnected from the main line and the catch wamplised (fish species, fish length and

weight, when possible sex, hook number, etc.).
Fish identification and measurement

All caught fish have been identified to specieselefif possible) and measured to the

nearest millimetre total length (from the tip oéthnout to the tip of the longer lobe of the
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caudal fin). Number of individuals, species idenéifion and the total length of every

individual was recorded for every single catchathresampling date.

Sampling Design

The data | am referring to has been collected batwiine and August 2007, within the
project “Naturversuch Bad Deutsch Altenburg” and thstoration project “Witzelsdorf”
(Keckeis et al. 2009 and 2010). Sampling desigrbleas a stratified random sampling.

Data Processing / Statistical Analysis

Data Transformation

Prior to statistical analyses, fish abundance ofcatches from all methods has been
transformed into CPUE (catch per unit effort) dawa weighting per sampling time
(individuals per minute [Ind*mif]). This procedure allows a comparative observation
within (mesohabitats) and between sampling sitdkimvieach method. Due to the high
number of “O catches” of individuals of single sigs¢ a logarithmic transformation to the
CPUE values was applied, in order to meet he rements of the statistical procedures.
The log — transformation compresses high valueseapdnds the difference between low
values. The resulting distribution approximatesoamal distribution and so a wider range
of statistical analysis can be conducted. But bidata show another characteristic, which
has to be considered with transformations: zeraeslln the majority of cases zero is the
most abundant of variable values. Log(0) is mathmaléy not defined but this problem

can be solved by adding a small value (e.g. 1)l ada points:
X" =log (x + 1)
This form of transformation has been applied witle species number whose smallest
value was one. The CPUE data have been transfamedifferent way, after McCune &
Grace (2002), due to the fact that the smallestimitg value has been less than one (<1):
X =log(x+d)-c
Assumed... min(x) equates the smallest “nonzero” value of the deita s

Int(x) is a function to reduce a number to the ciptefote the decimal

point
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then... ¢ = Int (log(min(x)) “Dimension Constant”

d =log™ (c) = 10~c “Decimal Constant”

Retransformationx = 10"y * 10"c — d

All transformations have been conducted withhdodhe computed arithmetic mean from
the log transformed data set corresponds retransfbrwith the geometric mean. The
calculated standard deviation interval within tbgdrithmic data matrix equates the spread

interval when retransformed.

Data Analysis

Several descriptive variables have been used dodifferences or similarities between the
fish communities, within (mesohabitats) and betwsampling sites, during the sampling
period (from June to August) and also between sagphethods. To characterize the fish
assemblages species number, species abundanasitdiirelices and the total fish length
distribution have been calculated. The used dityeiadices were the Shannon Weaver
diversity index (H"), the Evenness (E) index andecggs accumulation curves (or

“collectors curve”).

Diversity Indices
The Shannon Index (H"),

H =-% pilnp;

where pis the ratio of the i-th species of the completmgle unit, is a measurement for
biodiversity, depending on the species number aedspecies specific abundance. This

index uses an open ended scale: more species pradyier values (Magurran 2004).

The Evenness Index (E),
E=H/InS

where H" equates the Shannon Index and S equatesothl species number of the
observed sample unit, is a biodiversity measureminth indicates how equal a species
community is distributed according to their speapscific abundance.

The scale ranges from 0 (non-uniform distributione dominant species) to 1 (uniform

distribution, all species equal abundant; Magu2@o4).
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The Shannon and Evenness Index have been calcwlgtedhe standardised catch data
(CPUE (Ind.mirt").

The species accumulation curve or collectors cigeepowerful solution for observing the
species richness (or alpha diversity). Under nattoaditions it is impossible (most of the
time) to enumerate the species richness in a divagtand therefore it is necessary to take
a number of samples. In most cases species richeedspendent of the sample size,
especially within the used fish sampling methods.

The species accumulation curve is a graph whicplals the observed species as a
function of the sampling effort (e.g. sample umies method or Danube reach) needed to
observe them (Colwell et. al., 2004). The cours¢hefcurve (steadily rising, flattening,
etc.) indicates the tendency of the found speaigsher in contrast to the sampling effort.
For example: If the slope of the curve is drawirgamzero, enough samples have been
taken to observe most of the species catchablannéthmesohabitat, a Danube reach or
with one method. Is the curve steadily rising, meamnples have to be or should have been
taken due to the fact that the potential of the hmé@tor the sampling site is not jet
achieved.

This analysis is based on presence absence daia X§) which is calculated for each

sample unit.

PCA Analysis

For getting a general vision of the three Danulsehes and the accomplished methods
principal component analysis (PCA) have been chrogt using the biotic data set (fish
data (Ind*min')) of each sampling method.

“The central idea of principal component analysiCA) is to reduce the
dimensionality of a data set consisting of a langember of interrelated
variables, while retaining as much as possiblehaf variation present in the
data set. This is achieved by transforming to a rsw of variables, the
principal components (PCs), which are uncorrelatadd which are ordered
so that the first few retain most of the variatigresent in all of the original
variables(Jolliffe 2002, p. 1).”

The underlying dissimilarity matrix consists of Baclidean distance matrix, meaning that
nearby points share a high similarity and pointsafaart a high dissimilarity. The PC1 is
the “best fitting” line / axis to the sample poirged PC 1 and PC2 axes define a plane
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which is the “best fitting” plane (Clarke et al. ®). Every succeeding principal
component (PC3, PC4; ...) accounts or adds a pierdarmation to the total picture. The
Eigenvalues, received through analysis, are valoatfor the variance explained by the
principal components (as percentage). The sum ef Hlgenvalues of all calculated
principal components results in 100 percent, maepalhinformation is explained by the
principal components.

In general the PCA displays the variability witleach method and reach and therefore the

influence of fish species on each catch by beirsgal) present or abundant.

SIMPER

To analyse which species accounts for similaritthin and dissimilarities between
groups SIMPER analysis (“similarity percentage”)véaabeen conducted. The results
display the percentage similarity within a giveowgp, based on the replicas of this group,
and the species responsible for the similaritiestwBen groups, the dissimilarity is
calculated and the determining species are giviea.qlotient of the similarity co-efficient
and the including standard deviation is a measukghich degree the determining species

are responsible for differences between groupsk€let. al, 2001).

Non Metric Multidimensional Scaling Analysis (NMDS)

For further analysis of differences between methd@inube reaches mesohabitats and
months a non-metric multidimensional scaling analiiss been conducted. The NMDS is
a multivariate analysis, displaying sample poimtgheir relative distance to each other.
This relative distance is, in this case, based @y Eurtis rank similarity matrix which is
used to quantify similarities or dissimilaritiestlveen different samples.

The NMDS constructs a “map”, displaying the sanpéts in a satisfying arrangement,
imposed by the underlying rank similarity matridd@e et. al. 2001). Due to the fact that
this analysis works on a rank similarity (or disgamty) matrix and not on the original

data set “.there is complete freedom of choice to define anityl of community
composition in whatever terms are biologically masaningful (Clarke et. al. 2001,

Chapter 5 p. 9).
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Statistical Tests

Statistical methods have been applied to assess data set is normally distributed
(Kolmogorov-Smirnov test), if there is a homogeyeait variance (Levene test), if there
are differences between variables (ANOVA and Kri$Kallis tests; variables: reach,
mesohabitats and month/period) on the basis of ddnge (Ind*mift), diversity
(Shannon —Evenness, species number) and totdefigith data and which variables differ
significantly within this data sets (TukeyHSD anahThane T2 Post Hoc tests).

The statistical analysis of the NMDS has been mhge PERMANOVA tests, a
permutation test similar to a multivariate ANOVAyraparing factors with a one or more
variables (in this case species), on the basispt@semblance measure (e.g.: Bray Curtis
similarity matrix; see also Anderson et al. 2008).

Utilized Software

The data set used by me has been extracted fromAdt8ss databanks to MS Excel
worksheets, where most of the basic analysis amdaka transformations have been done.
Statistical analyses have been conducted with SB3% Canoco 4.5, EstimateS Win 8.20,
and PRIMER 6 (PERMANOVA package), the graphic efabon has been done with
SigmaPlot 12.0.

25



26



Results

Discharge and Temperature

The flow regime during the sampling period was mafsthe time characterized by a
discharge below the mean annual discharge (MQP80 h*s™. During the three months
of sampling the average discharge was 1680+38%5 the maximum was 3236%s™
on the 11 of July and the minimum discharge was 1178sm on the & of August (fig.
6).
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Figure 6: Discharge and water temperature (observatation Hainburg) during the sampling periaoni
June to August 2007. The black line is the dischddashed black line = mean annual discharge)tendetd
line is the temperature (right y-axis).

During the sampling period the mean water tempegatvas 19,7 + 1,5 °C, rising from
June to the end of July and decreasing toward tite o August. The highest water
temperature of 21,8 °C was measured several timgagdJune (2% of June) and July
(239 24" and 24" of July) while the lowest temperature (16,3 °Clswmaeasured slightly

after the flood on the 1Band 14' of July.

Total Catch
During the three month period of sampling, frome&tm August 2007, a total number of
431 samples have been taken with a total numbé&686 fish. Within the reach Bad
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Deutsch Altenburg 2046 fish (36% of the total catichs been caught; 2254 (40% of the
total catch) fish within the reach Witzelsdorf at8B5 (24% of the total catch) within the

reach near Hainburg. Altogether 36 species (and widefined species) from 8 fish

families Cyprinidae, Cottidae, Esocidae, Gasterosteidae,ifdab, Lotidae, Percideand

Siluridag were observed (tab. 1).

Table 1: Species list and occurrence of single $izécies in different reaches and in the catcheliffefent
sampling methods. List of fish species Latin namescriptor, shortcut, ecological guild and statfis o
endangerment (FFH)) caught during three monthsaafipting with the three sampling methods in three
Danube reaches. Schortcuts: R =rheophil; EU =epryNZ =neozoa; ST =stagnophil; FFH =Flora Fauna
Habitat Directive; Undef.= undefined (ecologicalilds after Schiemer & Waidbacher, 1992; modified);
BDA= Danube reach Bad deutsch Altenburg; WITZ= Omnueach Witzelsdorf, HAIN= Danube reach
Hainburg; B.E.F.= boat electro fishing; L.L.F.= fpline fishing; W.E.F.= wading electro fishing.

Species / Descriptor Shortcut Guild FFH-Species Reaches Sampling Methods
BDA WITZ HAIN B.E.F. L.L.F. W.E.F.

Abramis ballerus Linne, 1758 A. ballerus R X X X X
Abramis bjoerkna Linne, 1758 A. bjoerkna R X x x x x x
Abramis brama Linne, 1758 A. brama EU X X X X X
Abramis sapa Pallas, 1814 A. sapa R x x x x
Alburnus alburnus Linne, 1758 A. alburnus EU X X X X X X
Aspius aspius Linne, 1758 A. aspius R Il X X X X X
Barbus barbus Linne, 1758 B. barbus R \Y X X X X X X
Carassius gibelio Bloch, 1782 C. gibelio EU x x
Chondrostoma nasus Linne, 1758 C. nasus R X X X X X
Cottus gobio Linne, 1758 C. gobio R Il x x x x
Cyprinidae sp_ Cyprinidae sp_ Undef. x x x x x
Esox lucius Linne, 1758 E. lucius EU X X X X
Gasterosteus aculeatus Linne, 1758 G. aculeatus ST X X
Gobio albipinnatus Lukash, 1933 G. albipinnatus R I X X X
Gobio gobio Linne, 1758 G. gobio R X X
Gymnocephalus baloni Holcik&Hensel, 1974 G. baloni R Il x x
Gymnocephalus schraetser  Linne, 1758 G. schraetser R I, v X X X X X
Leuciscus cephalus Linne, 1758 L. cephalus EU X X X X X X
Leuciscus idus Linne, 1758 L. idus R X X X X X X
Leuciscus leuciscus Linne, 1758 L. leuciscus R X X X X X
Lota lota Linne, 1758 L. lota RT X X X X X
Neogobius gymnotrachelus  Kessler, 1857 N. gymnotrachelus  NZ x x x x X X
Neogobius kessleri Gunther, 1861 N. kessleri NZ X X X X X X
Neogobius melanostomus Pallas, 1814 N. melanostomus NZ X X X X X X
Perca fluviatilis Linne, 1758 P. fluviatilis EU X X X X X X
Proterorhinus marmoratus Pallas, 1814 P. marmoratus EU X X X X
Pseudoraspora parva Temminck&Schlegel, 1842 P. parva Nz x X
Rhodeus amarus Bloch, 1782 R. amarus ST Il X X X X X
Rutilus pigus La Cepéde, 1803 R. pigus R 1 X X X X
Rutilus rutilus Linne, 1758 R. rutilus EU X X X X X X
Sander lucioperca Linne, 1758 S. lucioperca EU x X X X X X
Sander volgensis Gmelin, 1788 S. volgensis ST X X
Scardinius erythrophthalmus Linne, 1758 S. erythrophthalmus ST X X X
Silurus glanis Linne, 1758 S. glanis EU x X X X X
Vimba vimba Linne, 1758 V. vimba R X X X X X X
Zingel streber Siebold, 1863 Z. streber R Il X X X X
Zingel zingel Linne, 1766 Z. zingel R I,V X X X X

Ecological guilds refer to Schiemer and WaidbacfiE992) but they were slightly
modified to meet the requirements of this studye Theophilic fish guild (R) contain
species which complete most their lifecycle in fd flowing main stem of the River and
connected side-arms within the river, limnophilausstagnophilous (ST) fish are found in
disconnected zones or areas with low connectivitgusface water in habitats with high
densities of submerged vegetation and macrophwhbereas eurytopic fish (E) can be
found in all types of habitats of the River and fllo@dplain (generalistic species).
According to the Habitat Directive (1992) of therg&pean Union 10 of the 36 found
species belonged to endangered species, listdteidBNNEX Il and V of the directive:
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Aspius aspius(ll), Barbus barbus(V), Cottus gobio(ll), Gobio albipinnatus(ll),
Gymnocephalus balon(ll), Gymnocephalus schraetséd, V), Rhodeus amarugll),
Rutilus pigugll), Zingel strebe(ll) andZingel zingel(ll, V).

Six species have been exclusive to only one samplite Carassius gibelioGasterosteus
aculeatus and Gobio gobio, Gymnocephalus baloni, Pseudoraspoeavgy Sander
volgensis and Scardinius erythrophthalmu$yithin the Danube reach Bad Deutsch
Altenburg 32 species have been found, 27 withirr¢laeh Witztelsdorf and32 fish species
within the reach near Hainburg.

Due to the fact that 3 different methods have hessd, 10 fish species have been detected
only with one fish sampling method (e.@arassius gibelio, Gasterosteus aculeatus,
Gobio albipinnatus, Gobio gobio, Gymnocephalus bald°roterorhinus marmoratus,
Pseudoraspora parva, Rutilus pigus, Sander volgeasd Zingel strebgr With each of
the two methods, boat electro fishing and long fisking, 24 species were caught, the

highest species number (28 fish species) was obddry wading electro fishing.

Boat Electro Fishing

Sampling Locations, Sampling Size and Season

Overall 157 samples have been taken and a totabeuof 2182 individuals (out of 24
species, tab. X) has been caught during the threeths period of sampling within the
three Danube reaches (tab. 2). The sampling diamtbeen similar within the reaches and
the three months while the mesohabitats have baepled on the basis of availability

(discharge, flow) within the three segments ofrtieen channel.

Table 2: Number of sample units within the threactees, the mesohabitats and the three months. BDA=
Danube reach Bad Deutsch Altenburg; WITZ= DanulaeleéVitzelsdorf, HAIN= Danube reach Hainburg;
GB = gravel bank; GR= groin field; RR = rip rap; SAide arm

Reach Sample Units Mesohabitat Sample Units Month ~ Sample Units
BDA 60 GB 40 June 53
WITZ 59 GR 59 July 52
HAIN 38 RR 52 August 52

SA 6
Overall 157 157 157

Species Assemblage
The most dominant fish species for boat electrbirig wasAlburnus alburnus as it
showed the highest abundance within all reachesohabitats and months (tab. 3).

Further commonly observed species wBarbus barbus, Aspius aspiad Leuciscus
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cephalus These four fish species dominated the three Damabches during the whole
sampling period (tab. Simper).

The dissimilarity between the three Danube reacheged between 66 and 72% and was
caused by changing average abundances of severailesp including the three most
abundant A. alburnus, B. barbus, A. aspjuswhich contributed the most to the
dissimilarities (table attachment). BDA differed 6§,4% from WITZ and by 71,9% from
HAIN, while WITZ and HAIN differed to 70,3%.

Concerning the mesohabitats, also other fish spebeside the almost always dominating
species (see above), accounted for the typificatidnthe fish assemblages, like
Condrostoma nasufr the gravel bars andimba vimba Perca fluviatilis and Abramis
brama for the side arms (tab. Simper). Between the nmedsitdts the differences varied
between 67 and 79 %. The crucial species were abairhigh abundant species, the
typical species of each mesohabitat and also laym@édnt species. The side arms differed
in a high degree from the gravel bars (79%) andriperaps (78,7%) while a lower
dissimilarity was found for the groin field (68,6%)he rip raps differed also in a high
degree from the gravel bars (73,8%) while a lowterknce was found for the groin fields
(67,6%). The difference between gravel bars andngfields was the lowest of all

mesohabitats (67%, table A (attachment)).

Table 3: Results of SIMPER analysis, based on blettro fishing abundance data, displaying diagoost
species ¥ 90% similarity) for the reaches, mesohabitats amehths. Av.Abund = average abundance;
Av.Sim = average similarity; BDA = Danube reach BBeéutsch Altenburg; WITZ = Danube reach
Witzelsdorf; HAIN = Danube reach Hainburg; GB =wghbank; GR = groin field; RR = rip rap; SA = side
arm

Reaches

BDA Av.Abund Av.Sim WITZ Av.Abund Av.Sim HAIN Av.Abund Av.Sim
A. alburnus 1,39 18,61 A. alburnus 1,72 35,84 A. alburnus 1,26 12,29
B. barbus 0,67 5,19 B. barbus 0,41 1,81 B. barbus 0,88 10,51
A. aspius 0,49 4,5 L. cephalus 0,43 1,87
A. aspius 0,26 1,36
Mesohabitats
GR Av.Abund Av.Sim GB Av.Abund Av.Sim RR Av.Abund Av.Sim SA Av.Abund Av.Sim
A. alburnus 1,9 39,15 A. alburnus 1,27 14,71 A. alburnus 11 14,1 A. alburnus 2,14 17,56
A. aspius 0,37 2,63 B. barbus 0,88 8,78 B. barbus 0,73 6,37 V. vimba 0,97 2,98
C. nasus 0,51 2,08 A. aspius 0,5 51 L. cephalus 0,92 2,83
P. fluviatilis 1 2,46
A. brama 0,67 14
Months
June Av.Abund Av.Sim July Av.Abund Av.Sim August Av.Abund Av.Sim
A. alburnus 1,23 22,89 A. alburnus 1,79 33,9 A. alburnus 1,43 13,79
B. barbus 0,53 4,42 A. aspius 0,45 3,73 B. barbus 0,82 7,12
B. barbus 0,52 2,99 A. aspius 0,42 2,75

L. cephalus 0,41 1,49

Regarding the sampling period not only the mosndbuat speciedA. alburnus B. barbus
andA. aspius but also several other species includihgrasus, L. cephaliandA. brama

accounted for the observed dissimilarities betwdenthree months. The dissimilarities
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ranged from 65 to 72%, where June differed with38&,from July, with 72,7% from
August and July differed with 67,7% dissimilaritpi August.

Species Composition and Abundance

The composition of the species assemblages wagsaaddby applying a PCA (Canoco 4.5)
to the samples-species abundance matrix, the semdtillustrated in figure 7 and table 4,
the ordination plot for species scores displaysriiaence by single species on each axis.
The first two axes (PC1 and PC2) of the principainponent analysis (PCA) for boat
electro fishing explained 48% of the total variaid®8o were explained by PC1 and 18%
by PC2. The highest influence showédburnus alburnus, Vimba vimband Perca
fluviatilis on the first (PC1) anBarbus barbus, Chondtrostoma nasusl Leuciscus idus
on the second axes (PC2, fig. 7).
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Figure 7: Two dimensional PCA ordination plot oksfes scores for boat electro fishing. PC 1 accofant
30% and PC 2 accounts for 18% of the total spe@eiability. The dotted line within the graph mairtke
origin (x= 0; y=0).
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The figures of the sample scores (colour coded&ube reach, mesohabitats and month)
showed that there are three separated aggregatiosample points (fig. 8), largely
influenced by the presence or absencdlbuirnus alburnusand Barbus barbusWithin
samples of the left bulk, no abundance Aoralburnushas been found during the whole
sampling period; while the bulk on the lower endtloé y-axis (below 0) consisted of
samples whereB. barbus was absent. No clear pattern regarding Danubehyeac
mesohabitat or months was visible.

No significant differences between the scores efanube reaches, regarding values on
the first axis (PC1) were observed (Kruskal Wakist: Chi-Square= 3,66; p= 0,16; d.f.= 2;
n= 157) whereas at the PC 2 significant differenbetveen the reaches were found
(Kruskal Wallis test: Chi-Square= 6,24; p= 0,044;=d2; n= 157, Tamhane Post Hoc test).
A post-hoc test revealed a significant differenge 0,021) between the WITZ and HAIN

site although no big distance was visible betwé&encentroids of these two reaches.

Table 4: Eigenvalues and corresponding speciesrngador the PCA ordination plot of species scdues
boat electro fishing. PC 1 accounts for 30%, PCc@oants for 18%, PC 3 accounts for 11% and PC4
accounts for 9% of the total species variability.

Species PC1 PC2 PC3 PC4 Species PC1 PC2 PC3 PC4

Eigenvalues 0,30 0,18 0,11 0,09

A. bjoerkna 0,16 0,10 0,76 -0,10 L. lota 0,02 -0,07 -0,03 -0,06
A. brama 0,05 0,31 0,02 -0,07 N. gymnotrachelus 0,21 -0,03 0,62 -0,09
A. alburnus 0,99 0,01 -0,10 0,07 N. kessleri 0,22 0,01 0,62 -0,09
A. aspius -0,22 -0,22 0,08 0,95 N. melanostomus 0,22 -0,12 0,49 0,01
B. barbus -0,10 0,96 -0,06 0,04 P. fluviatilis 0,24 -0,07 0,59 -0,20
C. nasus 0,12 0,43 -0,10 0,09 R. amarus 0,13 0,22 0,25 0,01
Cyprinidae sp. -0,11 0,06 -0,01 -0,07 R. pigus -0,17 0,24 -0,05 0,05
E. lucius 0,07 -0,02 -0,10 -0,01 R. rutilus 0,10 0,09 0,77 -0,17
G. schraetser 0,18 -0,02 0,06 -0,06 S. lucioperca 0,03 0,04 0,03 0,09
L. cephalus 0,22 0,22 0,76 0,12 S. erythrophthalmus -0,07 -0,03 0,45 -0,14
L. idus 0,19 0,23 0,02 0,10 S. glanis 0,12 0,12 0,18 0,05
L. leuciscus 0,11 0,03 -0,05 0,15 V. vimba 0,32 -0,01 0,49 -0,02

Comparing the mesohabitats by their mean valuese tlvas a highly significant difference
at the x-axis (Kruskal Wallis test: Chi-Square= 18, p= 0,000; d.f.= 3; n= 157,

TamhanePost Hoc test). The mesohabitat rip rap 8RR )groin field (GR) differed highest
significantly (p= 0,000) and the mesohabitat gravehk (GB) differed significantly (p=

0,047) from GR. The side arm differed not signifita from the other mesohabitats.
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Danube Reaches Mesohabitats
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PC1

Danube Reaches

Bad Deutsch Altenburg (BDA)
Witzelsdorf (WITZ)

Hainburg (HAIN)

Mesohabitats
Groyne Field (GR)
Rip Rap (RR)
Side Arm (SA)
Gravel Bank (GB)

PC 2

Months
June
July
August

130 D D

PC1
Figure 8: Two dimensional PCA ordination plot ofrgde scores from boat electro fishing results (ggec
abundance). PC 1 accounts for 30 % and PC 2 axdontl8% of the total sample variability. Danube
reaches, mesohabitats and months are indicateiféredt colours/fills (see legend).

On the second axis, no significant differences betwthe mesohabitats were found
(Kruskal Wallis test: Chi-Square= 6,29; p= 0,098{.=d 3; n= 157) although a clear
separation of these mesohabitats is indicatedyurdi8.

Regarding the sampling period, there was a sigmticlifference between the centroids of
PC 1 (Kruskal Wallis tets: Chi-Square= 7,03, p=30@.f.= 2; n= 157; Tamhane Post Hoc
test) as the months June and July differ signifiga¢p= 0,02). On PC2 no significant
difference was found (Kruskal Wallis test: Chi-Smpra5,75; p= 0,058; d.f.= 2; n= 157).
Although statistical differences observed, no lpgtel separation was given for the mean
sample scores of the three months, and a clealapveetween all groups is indicated by
their standard deviations.

33



Danube Reach

Species-abundance plots of the total catch for eaelch are shown in fig.10. No
significant difference of total abundance betwdenthree Danube segments (ANOVA; p=
0,381; n= 157) was found. No significant differemad the mean abundance of fish per
sample between the three Danube segments (ANOVAL &% p= 0,381; d.f.= 2; n= 157)
was observedlota lota, Leuciscus leuciscus, Sander lucioperBhodeus amarus,
Scardinius erythrophthalmus, Neogobius gymnotracghahd N. kesslerioccurred only in
one single reach.. lotaandS. luciopercavere found in the BDAL.. leuciscusR. amarus
andN. kesslerin the WITZ andS. erythrophthalmuandN. gymnotrachelus1 HAIN.

The species with the highest abundance in all e=aetasAlburnus alburnugfig. 10).
Further high abundant species w&arbus barbus, Aspius aspius, Chondrostoma nasus,

Leuciscus idus, Abramis branaadLeuciscus cephalus

Mesohabitats

Species-abundance plots of the total catch for eaekohabitat are shown in fig. 11
.Between the mesohabitats, there was a signifiddfgrence (Kruskal Wallis test: Chi-
Square=10,91; p= 0,012; d.f.= 3; n= 157) concertine total catch, however the post hoc
test (Tamhane t-test) indicated no specific difierenesohabitats. The highest mean
abundance was found in the side arm (9, 69 ind*nilower but similar numbers of mean
fish abundance were observed at the mesohabitatslgrank (3,96 ind*min), groin field
(3,74 ind*min?) and rip rap (3,10 ind*mif) .

Lota lota, Leuciscus leuciscus, Esox lucius, Sanbleioperca, Rhodeus amarus,
Scardinius erythrophthalmumndNeogobius gymnotrachelugere found in only one of the
four sampled mesohabitats. leuciscus, E. lucius and S. luciopens@re only found at
GR, S. eryhtrophthalmuandN. gymnothrachelugh the SA and at the GBota lota and
Rhodeus amarusThe species with the highest abundance in allohedsitats was again
Alburnus alburnugfig. 11). Further high abundant species wé&spius aspiuandBarbus
barbusfor groin fields and rip rapB. barbus Chondrostoma nasaisd Abramis brama
for Gravel bars an¥imba vimba, Abramis bjoerknheuciscus cephalus, Perca fluviatilis

and Rutilus rutiludor side arms.
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Sampling Period

Species-abundance plots of the total catch for eamfith are shown in Fig. 12 During the
course of the sampling period, an increase of tlammabundance from June (2,67
ind*min™) to August (4,89 ind*mir}) was observed (fig. X and fig. X). Fish abundance
between the three months differed significantlyuskal Wallis test: Chi-Square= 15,35;
p= 0,000; d.f.= 2; n= 157; Tamhane Post Hoc td&®, values in June differed high
significantly from those of July and August (Jurse July: p= 0,003; June vs. August: p=
0,001), while there was no significant differenetvizeen the mean abundances of July and

L m

June July August June July August June July August June July August

August.

2o
onN

Mean Abundance
(Ind*min-1)

o N M O ®

Figure 9: Total catch and within reach comparisbrmean abundances (Ind*miy during the sampling
period. The X-axis shows the months, the Y-axiswghohe abundance (average + standard deviation).
BDA= Danube reach Bad Deutsch Altenburg; WITZ= Damueach Witzelsdorf, HAIN= Danube reach

Hainburg.

Especially the non-native fish species appeareduily (Neogobius melanostomuand
August (Neogobius kessleandNeogobius gymnotrachelud.ota lota, Sander lucioperca,
Rhodeus amarus, Scardinius erythrophthalmus, Neagolgymnothrachelusand
Neogobius kessledccured only during one month: lota andS. erythrophthalmums July
andS. lucioperca, R. amarus, N. gymnothrachelodN. kesslerin August. The species

with the highest abundance during the whole sarggeriod wasAlburnus alburnugfig.

12).
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Figure 10: Species composition, species numbernbaddance of single fish species sampled by beatrel
fishing in the three Danube reaches. The Y-axiswshthe abundance (lagogarithmic scaling. BDA=
Danube reach Bad Deutsch Altenburg; WITZ= DanulseeVitzelsdorf; HAIN= Danube reach Hainburg.
Ecological guilds are indicated by different coliogr
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Biodiversity: Species Number, Shannon Weaver Indeand Evenness

Danube Reach

Regarding the total catch, the highest species ruimés been found within the BDA and
HAIN site, with 17 species each, followed by theT®Iwith 16 species.

The mean species number per sample showed no isegnifdifference between the
Danube reaches (ANOVA: F=4,18; p= 0,659; d.f.n2;157.)

Concerning the mean Shannon Index of the totahcahere was a significant difference
(ANOVA: F=4,12; p=0,018; d.f.= 2; n= 145) betwetbie three Danube reaches. A Tukey
post-hoc test revealed that the WITZ reach hadldhwest Shannon Index and differed
significantly from the HAIN site (p=0,038). The @nsity index between BDA and HAIN
was not significantly different.

The highest mean Evenness was found within the HAilN, followed by BDA. The
Evenness of WITZ was significantly lower (ANOVA: B562; p= 0,011; d.f.= 2; n= 145;
Tukey Post Hoc test) than the other two DanubehesadNITZ differed significantly from
BDA (p= 0,038) and HAIN (p= 0,023; fig 13).

§ 16 * * 1,2 * * * _ 20
(1] () -
O 12 % 2
=X é 0,8 = o
S 208 = Z10
£ 1T 0,4 2
S 04 ’ o 5
» &

0,0 0,0 0

BDA WITZHAIN BDA WITZHAIN BDA WITZHAIN

Figure 13: Shannon Weaver index, Evenness andgpéaies number of the total catch in the threeuban
reaches. Bars represent mean values, error barssep standard deviation. Significant differenees
indicated by star symbols. BDA= Danube reach Badt&h Altenburg; WITZ= Danube reach Witzelsdorf;
HAIN= Danube reach Hainburg.

Within all three Danube segments, the species numdse during the sampling period
from June to August. The least increase, from 84®pecies, was observed within BDA.
Evenness decreased during the sampling periodnititiei BDA and HAIN site; whereas in
the WITZ reach an increase was observed (fig. 14).
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Figure 14: Species number, mean Shannon Weavex emg mean Evenness index and per month in the
three Danube reaches. Bars represent mean valuesbars represent standard deviation. BDA= Danube
reach Bad Deutsch Altenburg; WITZ= Danube reactz@iédorf; HAIN= Danube reach Hainburg.

Mesohabitat

Out of all mesohabitats, the groin field (GR) haeé highest species number (18). The
mesohabitats SA and GB had equal species numbéyswiiile the lowest number of
different species was found in the RR mesohabli2}. (A significant difference between
RR and SA concerning the mean species numbers foered (ANOVA: F= 4,40;
p= 0,005; d.f.= 3; n= 157; Tukey Post Hoc test)e A mesohabitats had significantly
higher (p=0,010) mean species numbers than thatBR s

While the highest species number was observed witBR mesohabitats, the SA
mesohabitats had the highest values for the meamr®n Index (ANOVA: F= 4,17;
p= 0,007; d.f.= 3; n= 145; Tukey Post Hoc test:\SARR p= 0,021; SA vs. GR p= 0,009)
and the Evenness (not significant) over the whalaing period, while the mesohabitats
with the lowest mean diversity indices were GRy.(fi5).
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Figure 15: Shannon Weaver index, Evenness and s$ptcies number of the total catch in the four
mesohabitats. Bars represent mean values, errsrépiresent standard deviation. Significant difiees are
indicated by star symbols. GB = gravel bank; GReirgfield; RR = rip rap; SA = side arm.
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Figure 16: Species number, Shannon Weaver indeXEaadness of the total catch in the four mesohishita
Bars represent mean values, error bars represamtastl deviation. GB = gravel bank; GR= groin fidkRR
=rip rap; SA = side arm.

The Evenness Index revealed a different patterrngmeoesohabitats compared to species
number and the Shannon Index. No significant difiee between the mesohabitats
(ANOVA: F= 2,225; p= 0,088; d.f.= 3; n= 145) wassebved. The mesohabitats with the
highest values for the mean Evenness were the 84&a8n(fig. 15).

During the sampling period the species number vasign all mesohabitats, apart from

RR, where the number of species remained similar.
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Apart from RR, the Shannon Index showed an incngasiend during the sampling
season, all other mesohabitats except RR showighest values in August. No clear trend
with time was observed for the Evenness (fig. 16).

Species Accumulation Curve (“Collectors Curve”)

The species accumulation curve for boat electroirfes appeared to be a steadily rising
curve with a flattening ascending slope (157 sanupolgs, fig. X). The biggest increase
was found from O to 10-15 samples.

A total number of 24 species has been observedgloat electro fishing, the calculated
confidence intervals (95%) reveal a range from @®8 species (rounded to the next
integer; fig. 17)

35 1

Species Number

O T T T T T T T

0 20 40 60 80 100 120 140

Sample Units

Figure 17: Species Accumulation Curve for the sa:fiom boat electro fishing. The X-axis shows the

sample units (number of samples), on the Y-axiscieulated species number is plott&the solid line is
the calculated value for the observed species nuthbalashed lines indicate the 95% confidenceviats.

Fish Size Distribution

Danube Reach

Figure 18 shows the frequency distribution of meadtotal length of single individuals in
the different reaches. A dominance of small sizeld, fbetween 10 and 20 cm total length,
in all reaches was obvious. The median fish lemftBDA and HAIN was 13,7 cm, and
for WITZ 13,5 cm. The biggest fish caught in BDAdh@6 cm total length, while the
biggest fish in WITZ (66,5 cm) and HAIN (69 cm) weslightly smaller. Very few fish
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were caught between 20 and 35 cm total length witli three Danube reaches, while
bigger size classes were caught more frequently.
No significant difference (Kruskal Wallis test: Cagquare= 2,08; p= 0,353; d.f.= 2; n=

2182) between the three Danube reaches conceherayerage fish length was observed.

Mesohabitat

Overall the size distributions of the single medmntads displayed a similar picture with a
high number of small-sized fish and a low numbebigfjer fish. In all mesohabitats small
sized fish, between 10 and 20 cm total length waminating (fig. 19). Significant
differences between all meshoabitats were obser@i@diskal Wallis test: Chi-
Square= 256,43; p= 0,000; d.f.=3; n= 2182; TamHhaost Hoc test). The Post Hoc test
revealed that all mesohabitats differed highestiaantly (p= 0,000) from each other.
The major visual differences between the mesohabitgere the occurrence of larger
individuals, whichever occurred in all mesohabit@spite the side arms. Within the SA
mesohabitats (median of total fish length = 9 ast) farger than 31,3 cm were not present
in the samples, while large fish were observedllimther mesohabitats, especially in the
RR mesohabitats (median of total fish length = Ieh¥¥ max. total fish length = 76 cm)
and in GB (median of total fish length = 14,2 cmaxmtotal fish length = 69 cm). Also
within the GR big fish have been caught up to 73length, but the median of the total
fish length was at least one cm lower than wittie tther two mesohabitats (median of
total fish length = 13,2 cm).

Sampling Period

According to the fish length distribution, theresmao significant difference between the
three months of sampling (Kruskal Wallis test: Glguare= 2,06; p= 0,361; d.f.= 2;

n= 2182). The total length distribution was compmbs®inly of small fish of a size range
of 10 to 20 cm and few large fish, with size ramgoetween 40 and 60 cm length (fig. 20).
All three months showed visually similar distribaris with similar median values (median
June = 13,5 cm; median July = 13,5 cm; median Auguk3,65 cm). But the maximum

length of the caught fish rose from June (65 cmAugust (76 cm).
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Figure 18: Frequency distribution of fish lengtrasdes at the three Danube reaches. The minor ticks
represent the length classes (2,5cm), the dashedHe median of the length distribution (medianBB

13,7 cm; median WITZ = 13,5 cm; median HAIN = 18(7). BDA= Danube reach Bad Deutsch Altenburg;
WITZ= Danube reach Witzelsdorf; HAIN= Danube re&tinburg.
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Figure 19: Figure X: Frequency distribution of fisimgth classes at the four mesohabitats. The nticics represent the length classes (2,5cm), tehathline the median
of the length distribution (median GR = 13,2 cm;dim@ RR = 14,7 cm; median SA = 9 cm; median GB 2 tn). GB = gravel bank; GR= groin field; RR = rap; SA
= side arm.

45



50 —

June (n=383)
40 —

30 —

20 —

10 — H H
0 : |_| - ,'T"T"T"T"T"T"T"T"T'm'j,'f"?'f',

T T T T T

50 —

40 July (n=793)

30 —

20 —

Frequency (%)

10 —

Yz

50 —
‘o August (n=1006)
30 —
20 —

10 —

0_ -——T—
0 10 20 30 40 50 60 70 80

Length Classes [cm]

Figure 20: Figure X: Monthly frequency distributiof fish length classes at the three months of sagp
June, July and August. The minor ticks represemtahgth classes (2,5cm), the dashed line the medithe
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Wading Electro Fishing

Sampling Locations, Sampling Size and Season

Overall 224 samples have been taken and a totabeuof 3144 fish (out of 28 species,
tab. 1) has been caught during the three monthedo@f sampling within the three
Danube segments (tab. 5). The sampling effort leas Isimilar within the reaches and the
three months while the mesohabitats have been sdmpuh the basis of availability

(discharge, flow) within the three segments ofrtieen channel.

Table 5: Number of sample units within the threactes, the mesohabitats and the three months. BDA=
Danube reach Bad deutsch Altenburg; WITZ= DanuleheNitzelsdorf; HAIN= Danube reach Hainburg;
GB = gravel bank; GR= groin field; RR = rip rap; SAside arm

Reach Sample Units Mesohabitat Sample Units Month Sample Units
BDA 75 GB 45 June 74
WITZ 75 GR 89 July 75
HAIN 74 RR 45 August 75

SA 45
Overall 224 224 224

Species Assemblage

In all three Danube reaches the most dominant epdor wading electro fishing were the
invasive fishNeogobius kessle@nd N. melanostomusAdditional common fishes were
Aspius aspius, Leuciscus cephatusl undefined Cyprinids (young of the year) for&BD
Alburnus alburnugor WITZ andA. alburnusandA. aspiugor HAIN (tab. 6).

The dissimilarity between the three Danube reachmeged from 71 to 76%. Between BDA
and WITZ a dissimilarity of 71,4% has been founedtween BDA and HAIN 76,1% and
between WITZ and HAIN 72,1%. Varying abundance lgewé¢ the common and additional
species were responsible for the dissimilaritietsvben the three reaches, with the before
mentioned most diagnostic species on top of théthble attachment).

The species assemblage in single mesohabitats evamated also by other species than
the previously mentioned invasive fish species. iWag the man-made groin fields and rip
raps were dominated by the two highly abundéebgobiusspecies, the gravel bars were
characterised by the occurrenceAdburnus alburnusand N. kessleriand side arms by
Leuciscus cephalus, Aspius aspius, Neogobius gyaaheiusProterorhinus marmoratus,
Rutilus pigusandPerca fluviatiliswith againN. kesslerion top of the list of dominant fish
species. N. melanostomuswas less common within these “natural” or unatlere
mesohabitats (tab. 6).

The dissimilarity between the mesohabitats rangendh f58 to 89%. The crucial species

were the invasive fish species but also other $sécies with varying abundances. Nearly
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all mesohabitats differed in a high degree fromheather, apart from rip raps and groin
fields, where only 57,9% dissimilarity has beenrfduThe highest dissimilarity, of 88,9%,
has been found between the side arms and gravel Alhiother mesohabitats differed in
more or less the same degree, between 77 and &B% éttachment MESOHABITATS).
Regarding the sampling period not only the mostndant speciesN. kessleriand N.
melanostomysbut also several other species, including unedf@yprinids A. alburnus
andA. aspiuswere dominating species for the three months @ab.

A way longer list accounted for the found dissimilas between the three months (table
attachment). The dissimilarities ranged from 7¥&8%6, where June differed with 74,7%
from July and with 72,3% from August while Julyfdifed with 75,3% dissimilarity from
August.

Table 6: Results of SIMPER analysis, based on vwgadiectro fishing abundance data, displaying diagao
species (90% similarity) for the reaches, mesohthand months. Av.Abund = average abundance; Awv.Si
= average similarity; BDA = Danube reach Bad Deutgdtenburg; WITZ = Danube reach Witzelsdorf;
HAIN = Danube reach Hainburg; GB = gravel bank; €Broin field; RR = rip rap; SA = side arm

Reaches

BDA Av.Abund Av.Sim WITZ Av.Abund Av.Sim HAIN Av.Abund Av.Sim
N. kessleri 0,81 13,31 N. kessleri 0,79 16,38 N. kessleri 0,68 12,17
N. melanostomus 0,5 6,02 N. melanostomus 0,82 14,25 N. melanostomus 0,46 5,26
Cyprinidae sp. 0,3 1,46 A. alburnus 0,27 1,64 A. alburnus 0,35 3,78
A. aspius 0,26 1,28 A. aspius 0,22 1,25
L. cephalus 0,26 1,23
Mesohabitats
GR Av.Abund Av.Sim GB Av.Abund Av.Sim RR Av.Abund Av.Sim SA Av.Abund Av.Sim
N. kessleri 0,89 19,45 A. alburnus 0,39 6,97 N. kessleri 0,93 23,06 N. kessleri 0,69 6,93
N. melanostomus 0,81 16,07 N. kessleri 0,42 6,12 N. melanostomus 0,81 16,22 L. cephalus 0,44 3,92
N. melanostomus 0,17 0,75 A. alburnus 0,47 4,98 A. aspius 0,4 29
N. gymnotrachelus 0,33 2,01
N. melanostomus 0,37 1,75
P. marmoratus 0,29 1,64
R. pigus 0,26 1,21
P. fluviatilis 0,23 1,12
Months
June Av.Abund Av.Sim July Av.Abund Av.Sim August Av.Abund Av.Sim
N. kessleri 0,84 16,18 N. kessleri 0,69 10,47 N. melanostomus 0,83 15,86
N. melanostomus 0,52 5,92 A. alburnus 0,59 7,11 N. kessleri 0,76 15,53
Cyprinidae sp. 0,41 2,42 N. melanostomus 0,43 4,8
A. aspius 0,36 2,81
Cyprinidae sp. 0,25 1,17

Species Composition and Abundance

The contribution of single species to the totah fasssemblages in the inshore areas are
illustrated in Fig. 21. The first two axes of thengipal component analysis (PCA) for
wading electro fishing explained 42% of the totatiance, where 25% are explained by
PC1 and 17% by PC2.

The species with the highest influence on the s-amere Neogobius melanostomus,
Neogobius kessleri, Alburnus alburnus, Aspius aspind Proterorhorinus marmoratus

N. kesslerialso influenced the y-axis in a certain degree@lwith undetermined, small

cyprinids,A. alburnusA. aspius Leuciscus cephalasdChondrostoma nasuygab. 7).
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Samples with negative x values tended to have higibbendances dfi. melanostomuand
N. kesslerwhile samples with positive x and y values tendedave higher abundances of
A.alburnus A. aspiusand undefined cyprinids.

0
o

N. kessl

C. gébio =57 |\
o\ N. gymnoz. ngeE EI Jluci bz(ﬁléle
o L lota B. barbu
-1.2 0.6

Figure 21: Two dimensional PCA ordination plot pésies scores for wading electro fishing. PC 1 aot
for 25% and PC 2 accounts for 17% of the total igzecariability. The dotted line marks the origix(Q; y=
0).

Table 7: Eigenvalues and corresponding speciesngador the PCA ordination plot of species scdgs
wading electro fishing. PC 1 accounts for 25%, P&c2ounts for 17%, PC 3 accounts for 12% and PC4
accounts for 10% of the total species variability.

Species PC1 PC2 PC3 PC4 Species PC1 PC2 PC3 PC4

Eigenvalues 0,25 0,27 0,12 0,10

A. ballerus 0,08 -0,05 -0,04 0,00 L. leuciscus 0,10 0,12 -0,27 0,28
A. bjoerkna 0,06 0,07 -0,07 -0,02 L. lota -0,21 -0,07 0,04 -0,09
A. sapa 0,01 0,05 -0,15 0,07 N. gymnotrachelus -0,05 -0,05 -0,31 0,18
A. alburnus 0,41 0,57 0,68 0,08 N. kessleri -0,68 0,51 -0,11 0,47
A. aspius 0,20 0,50 -0,16 -0,20 N. melanostomus -0,88 0,02 0,24 -0,36
B. barbus -0,09 -0,03 -0,01 0,04 P. fluviatilis -0,05 0,10 -0,10 -0,05
C. gibelio 0,02 0,03 -0,11 0,14 P. marmoratus -0,23 0,17 -0,38 0,15
C. nasus 0,28 0,21 -0,20 -0,19 P. parva -0,02 0,02 -0,09 0,15
C. gobio -0,11 -0,05 0,02 -0,07 R. amarus 0,00 0,09 -0,32 0,20
Cyprinidae sp. 0,16 0,65 -0,39 -0,48 R. pigus 0,02 0,06 -0,33 0,02
E. lucius -0,03 -0,04 -0,06 0,02 S. lucioperca 0,03 -0,05 -0,03 0,06
G. aculeatus 0,05 -0,05 -0,07 0,03 S. erythrophthalmus 0,05 0,02 -0,17 0,10
L. cephalus 0,16 0,24 -0,34 0,28 V. vimba 0,08 0,05 -0,22 0,06
L. idus 0,02 0,15 -0,18 -0,04 Z. zingel -0,11 -0,04 0,03 -0,03

The figures of the sample scores did not show arcdeparation into distinct different
groups by indicating factors for reaches and mdsitdta of sample points, only a more
fluffily arrangement of sample points in the postiregion of PC 2 (y-axis) where higher
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abundances oAlburnus alburnus, Aspius aspiasdCyprinidae spwere found. Here the
sample points, composed of all types of Danubehessand mesohabitats, tended to have
larger distances between each other. Also, abavedhue of 1,4 on the y-axis, no sample

points, taken in August, were found (fig. 22).

5 Danube Reaches 5 Mesohabitats
4 7 o 4 7 ®
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O )
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Danube Reaches
5 Bad Deutsch Altenburg (BDA)
Witzelsdorf (WITZ)
4 1 Hainburg (HAIN)
3] Mesohabitats
2 Groyne Field (GR)
8 Rip Rap (RR)
o q Side Arm (SA)
Gravel Bank (GB)
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Months
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July
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PC1

Figure 22: Two dimensional PCA ordination plot @hwyle scores from wading electro fishing. PC 1
accounts for 25 % and PC 2 accounts for 17% oftaked sample variability. Different colour codingrf
Danube reaches, mesohabitats and months (see Jegend

The comparison of the sample scores of the siragigokes of the Danube reaches showed
a significant difference for PC 1 (Kruskal Wallest: Chi-Square= 10,66; p= 0,005; d.f.=
2; n= 224; Tamhane Post Hoc test) where WITZ arel HAIN site differed high
significantly (p= 0,007). No significant different@as been found for sample scores of PC
2 (Kruskal Wallis test: Chi-Square= 1,18; p= 0,583,= 2; n= 224).
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The centroids of the mesohabitats were signifiganifferent regarding the first two
principal components; Kruskal Wallis test: PC 1i-Shuare= 43,85; p= 0,000; d.f.= 3; n=
224; PC 2 Chi-Square= 15,08; p= 0,002; d.f.= 3284. At the first axis, the centroid of
RR differed significantly (p=0,017) from SA and hig significantly (p=0,000) from SB.
The SA differed high significant (p= 0,003) from G&hd GB highly significant (p=0,000)
from GR. At the second Axis, a high significantfeieEnce between RR and SB (p= 0,004)
was observed.

Concerning the three months of sampling, highlynisigant differences were found
between the mean values for the sample scoresk#lrigallis test: PC 1 Chi-Square=
23,59; p= 0,000; PC 2 Chi-Square= 27,46; p= 0,6@0hoth tests: d.f.= 2; n=224. On PC
1 June and July differed significantly from eacheot(p= 0,022) and July and August
highly significant (p= 0,000) On PC2, June and Astgand July and August differed
highly significant from each other (p= 0,000).

Danube Reach

The species composition and abundance of thedatah in the three reaches is shown in
Fig. 23. No significant differences of the mean radance between the three Danube
segments was found (ANOVA: F= 2,49; p= 0,085, dX,:= 224)A. ballerus, C. gibelio,

E. lucius, G. aculeatugndP. parvawere found only in BDAS. luciopercaonly in WITZ
and A. sapaand S. erythrophthalmusonly in HAIN. The species with very high
abundances in all reaches wekiburnus alburnus, Neogobius kessland Neogobius

melanostomus

Mesohabitat

The species composition and abundance of the tatah in the four mesohabitats is
shown in Fig. 24. Significant differences betwedre tmesohabitats were observed
(Kruskal Wallis Test: Chi — Square= 45,88; p= 0,000.= 3; n= 224; Tamhane Post Hoc
test). All mesohabitats, except GR and RR, diffesgphificantly from each other (highly
significant: GB vs. GR, SA and RR p=0,000; GR &: 8= 0,004; RR vs. SA p=0,038).
The highest mean abundance was found within then@&ohabitat (4,195 ind*mih
followed by RR (3,095 ind*min) and GR mesohabitats (2,806 ind*mjnLowest values
of average abundance were found at the gravel {@Bk1,462 ind*mift).

G. aculeatusvas found only within the GRA. ballerus, A. sapa, C. gibelio, E. lucius, R.
rutilus, S. erythrophthalmus and P. parweere found only in the SAZ. streberoccured
only at RR andSander luciopercawas found only at GB. The species with high
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abundances in all mesohabitats weidburnus alburnus, Neogobius kessleri and
Neogobius melanostomualthoughLeuciscus cephalus, Perca fluviatilis, Proterortsnu

marmoratusandRutilus rutilusoutnumbeA. alburnusat the SA (fig. 24).

Sampling Period

The species composition and abundance of the ¢ateh of each month is shown in Fig.
25. Significant differences (Kruskal Wallis test: Chongare= 8,69; p= 0,013; d.f.= 2; n=
224; Tamhane Post Hoc test) between the three meorre found; most pronounced were
the differences between July and August (p= 0,008 highest mean abundance was
found in July (3,274 ind*min), followed by June (2,944 ind*mi) while the lowest mean

abundance was observed in August (2,379 ind™in

WITZ HAIN Total Catch [ BDA

[ wWITZ

ﬁ I HAN
m ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ o

June July August June July August June July August June July August

o

N

Mean Abundance
(Ind*mln l)
N

Figure 26: Total catch and and within reach congmariof mean abundance during the sampling pefioel.
X-axis shows the months, the Y-axis shows the abnecel (average * standard deviation). BDA= Danube
reach Bad Deutsch Altenburg; WITZ= Danube reachz@lédorf; HAIN= Danube reach Hainburg

In all three reaches the mean abundance risedlglighm June to July and decreases in
August (fig. 26).

Abramis ballerus, Abramis sapa, Zingel zingel, Gairas gibelio, Esox lucius, Sander
lucioperca, Gasterosteus aculeatus, Scardinius heopththalmus and Pseudoraspora
parvawere exclusively found in only one single morfh.luciopercaG. aculeatusvere

found only in JuneA. ballerus, A. sapandS. erythrophthalmus) July andZ. zingel, C.
gibelioandE. luciusin August (fig. 25).
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Figure 23: Species composition, species numberadoehdance of single fish species sampled by wading
electro fishing in the three Danube reaches. Thexig-shows the abundance (gtpgarithmic scaling).
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Biodiversity: Species Number, Shannon Weaver Indeand Evenness

Danube Reach

In general, the highest number of fish speciesfaasd in BDA (24) while the WITZ and
the HAIN Danube reaches had equal numbers of spé2@®. No significant difference
was found between the sampling sites regardingrtban number of species per sample
(ANOVA: F=1,16; p= 0,305; d.f.= 2; n= 224).
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Figure 27: Shannon Weaver index, Evenness anddpéalies number of the total catch in the threeuban
reaches. Bars represent mean values, error barssespp standard deviation. Significant differenees
indicated by star symbols. BDA= Danube reach Badt&h Altenburg; WITZ= Danube reach Witzelsdorf;
HAIN= Danube reach Hainburg.

The Shannon Index differed significantly (ANOVA: B52; p=0,012; d.f.= 2; n= 202;
Tukey Post Hoc test) between the three Danube esadihe highest Shannon Index was
found at BDA, followed by WITZ and HAIN. BDA and HA sites differ high
significantly from each other (p= 0,008).

Comparing the three Danube reaches, Evenness stasiadlar pattern like the Shannon
Index: the highest values were found at BDA, thadst at HAIN Danube reach
(ANOVA: F= 4,23; p= 0,016; d.f.= 2; n= 202; Tukey$ Hoc test). There was a
significant difference between the BDA and HAINesjp= 0,024) and between HAIN and
WITZ (p= 0,049, fig. 27).

Species numbers in all three Danube segments shawd&treasing tendency over the
sampling period from June to August. Also the Sleanindex decreases from June to
August, after a slight increase in July.

The Evenness Index did not reveal a clear tenddodpng the sampling period within the

three sampling sites (fig. 28).
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Figure 28: Species number, mean Shannon Weavex gmid mean Evenness index and per month in the
three Danube reaches. Bars represent mean values bars represent standard deviation. BDA= Danube
reach Bad Deutsch Altenburg; WITZ= Danube reacte®@i$dorf; HAIN= Danube reach Hainburg.

Mesohabitat

In general, the highest number of different fise@ps was found at the SA (23) and the
GR (19) whereas the RR (13) and GB (10) mesohathi&d lower species numbers.
Concerning the mean species numbers a signifiafierehce between the mesohabitats
was found (Kruskal-Wallis Test: Chi — Square= 58§34 0,000; d.f.= 3, n= 224; Tamhane
Post Hoc test): GB differed from all other mesolatbihighly significant (p= 0,000). The
side arms differed significantly from the groinléie (p= 0,012).

Concerning the mean Shannon Index, there was afisegn difference (ANOVA: F=
13,58; p=0,000; d.f.= 3; n= 202; Tukey Post Host)tdetween the mesohabitats. RR
differed highly significant from GB (p= 0,000), SAghly significant from GB (p= 0,000)
and high significantly from GR (p= 0,001) and GBfelis high significantly from GR
(0,002). The highest mean Shannon Index was foutidrwthe SA, the lowest within the

GB, the mean values for GR and RR lay in betweesewo.
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Figure 29: Shannon Weaver index, Evenness and spiaties number of the total catch in the four
mesohabitats. Bars represent mean values, errerépiresent standard deviation. Significant difiees are
indicated by star symbols. GB = gravel bank; GReirgfield; RR = rip rap; SA = side arm.

The mean Evenness Index showed a significant diffe between the four mesohabitats
(ANOVA: F=6,27; p= 0,000; d.f.= 3; n=202; Tukey9Rdloc test) with the highest values
found at the RR and the lowest at the GB. RR diffehigh significantly from GB (p=
0,001), SA high significantly from GB (p= 0,002)ca&B differed high significantly from
GR (p=0,001; fig. 29).
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Figure 30: Species number, Shannon Weaver indeXEaadness of the total catch in the four mesohishita
Bars represent mean values, error bars represamtastl deviation. GB = gravel bank; GR= groin fidkRR
=rip rap; SA = side arm.

The species number of all mesohabitats decreasedtios sampling period. The SA and
GB had the highest species numbers in July.
During the sampling period the mean Shannon Indseg within SA and GB and dropped

within the mesohabitats RR and GR after an increadaly.
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Over the sampling period Evenness increased witlermesohabitats SA and GB. In GR

and RR the Evenness stayed on more or less theleaet®ver the whole period (fig. 30).

Species Accumulation Curve (“Collectors Curve”)

The species accumulation curve for wading elecgstuirig appeared to be a steadily rising
curve with a decreasing slope (fig. 31, 224 sampiés). The highest increase can be seen
between 0 and 20-30 samples.

A total number of 28 species has been observed thith method with calculated
confidence intervals (95%) of 24 and 32 species.
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Figure 31: Species Accumulation Curve for the sailom wading electro fishing. The X-axis shows th

sample units (number of samples), on the Y-axiscieulated species number is plott&the solid line is
the calculated value for the observed species nuthbalashed lines indicate the 95% confidencevats.

Fish size distribution

Danube Reach

During sampling with wading electro fishing a totalmber of 3144 fish has been caught.
There was a significant difference between theettDanube segments concerning their
fish length distribution (Kruskal Wallis test. C8guare= 15,06; p= 0,001; Tamhane Post
Hoc) however, which could not be separated by & IRos test.

Overall the three Danube reaches displayed a sipatern with a high number of small
fish and very low number of bigger fish. The mediish size of the three reaches ranged
between 4 and 5,5 cm. BDA showed a median fish@iZzecm (n = 1202), WITZ had a
median fish size of 5,2 cm (n = 1093) and withia tHhAIN site the median fish size was
4,4 cm (n = 849). The existing statistical differea between the length distributions of the

Danube reaches were rather of mathematical (higham) biological nature (fig. 32).
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Most of the observed individuals had a total lenigigs than 10 cm long lik&lburnus
alburnus, Neogobius melanostonardNeogobius kesslerDnly a small number of larger
sized individuals of other species (>20 cm totaigtd) has been caught with wading

electro fishing (fig. X; also see: abundance wadilggtro fishing, fig. 32).

Mesohabitat

There was a significant difference between the fishgth distribution of the four

mesohabitats (Kruskal Wallis test: Chi-Square= 914d= 0,000; d.f.= 3; Tamhane Post
Hoc test). All mesohabitats, except SA vs. GB ditiegghly significant (p= 0,000) from

each other for the latter had a high significarffedence (p= 0,003). No significant
differences between GR vs. GB have been found.

Most of the caught individuals (2436 individuals77% of the total catch) were smaller

than 10 cm. Within GR the highest number of fists leen found (1315 individuals,
median fish size = 5 cm), with only a few individsi@xceeding 20 or 30 cm. A similar
pattern has been seen within RR (676 individuaksdian fish length = 6 cm), where the
maximum frequency lay between 10 to 20 cm fish tlengVithin this mesohabitat the
biggest fish was caughit@ta lota43,5 cm). The SA (907 individuals, median fishgm=
4,5 cm) had again the maximum density of fish uridecm total length and no fish within
this habitat type exceeded 30 cm. Within the GBltlesst number of fish was found (246
individuals, median fish length = 4,5 cm). The miyoof this fish was less than 5 or 10
cm long and no fish longer than 20 cm has beenhtalngggest fishieuciscus cephalus
18,7 cm, fig. 33).

Sampling Period

There was a significant difference of the fish lengistribution, between the three months
(Kruskal Wallis test: Chi-Square= 213,61; p=0,000,= 2; Tamhane Post Hoc test). June
vs. July and June vs. August differed highly sigaifit (p= 0,000) while July vs. August
only differed significantly (p= 0,025). The highesaimber of fish were caught in June
(1144 individuals, median fish length = 4,0 cm) ahdy (1125 individuals, median fish
length = 5,3 cm) while in August a lower number Hesen caught (875 individuals,
median fish length = 5,6 cm). In June the maximigin density was found within the 5 cm

size class while this peak broadens in July andu&utp bigger size classes (7,5 to 10,0

cm). At all three months a few number (35 individua 1,1%) of fish bigger than 20 cm
was caught (fig. 34).
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Figure 32: Frequency distribution of fish lengtrasdes at the three Danube reaches. The minor ticks
represent the length classes (2,5cm), the dashedhe median of the length distribution (median®8B5
cm; median WITZ = 5,2 cm; median Hain = 4,4 cm).ABDDanube reach Bad Deutsch Altenburg; WITZ=
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Figure 33: Frequency distribution of fish lengthsdes at the four mesohabitats. The minor tickesept the length classes (2,5cm), the dashedhHamenedian of the
length distribution (median GR = 5 cm; median RR em; median SA = 4,5 cm; median GB = 4,5 cm). Giavel bank; GR= groin field; RR = rip rap; SAidearm.
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Figure 34: Figure X: Monthly frequency distributiof fish length classes at the three months of sagp
June, July and August. The minor ticks representahgth classes (2,5cm), the dashed line the medithe
length distribution (median June = 4 cm; mediaty 3ub,3 cm; median August = 5,6 cm).
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Long Line Fishing

Sampling Locations, Sampling Size and Season

Overall 50 samples were taken with long line fishing during three month of sampling,
and altogether a total number of 309 fish out ofs@écies were caught. Within the three
Danube segments and during the three months oflsantpe sampling effort was nearly

the same (tab. 8). The mesohabitats were samptadi lan availability and accessibility.

Table 8: Number of sample units within the threactes, the mesohabitats and the three months. BDA=
Danube reach Bad deutsch Altenburg; WITZ= DanubeheNitzelsdorf; HAIN= Danube reach Hainburg;
GR= groin field; PO = pool; SA = side arm; GB =ygghbank

Reach Sample Units Mesohabitat Sample Units Month Sample Units
BDA 18 GR 18 June 17
WITZ 17 PO 15 July 17
HAIN 15 SA 8 August 16

GB 9
Overall 50 50 50

Species Assemblage

Overall, differences between reaches, mesohalitatsnonths were characterized by their
fish species composition and abundances. The mostindnt fish species of the
assemblage, found with long line fishing, was thanvasive speciesNeogobius
melanostomyswhich dominated all three Danube reaches, allomegsitats (except GB),
and throughout the whole sampling period.

,Also several other species were characteristic ther three reaches. Apart froi.
melanostomus,N. kessleri Barbus barbus Abramis bjoerkna A. brama, Gobio
albipinnatus, N. gymnotrachelus, Silurus glanisngél zingeland Z. streber were
characteristic for the species assemblage of theulbmreaches BDA, WITZ and HAIN
(tab 9).

The dissimilarity between the three Danube reacheged between 75 and 78% and was
caused by different average abundances of the abasiic (see above) and other
occurring species. The dominating fish spediesnelanostomusontributed the most to
the dissimilarities (table attachment REACHES). BDBifered to 75,9% from WITZ and
to 78,2% from HAIN, while WITZ differed to 77,9%dm HAIN.

Concerning the mesohabitats only one additionatispelVimba vimb3, to the before
mentioned species of the Danube reaches, accouotedhe classification of the
mesohabitats. Within three of four mesohabitatgrkiasive fish specieN. melanostomus
dominated the fish assemblage, except for gravsl bdere B. barbus&;. albipinnatus, V.

vimbaandZ. streberaccounted for the similarities between the repligab. 9).
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Between the mesohabitats the differences varieddsgt 69 and nearly 97%. The lowest
dissimilarity, of 69,5% has been found between rgrieelds and side arms, while the
highest has been found between side arms and goawel Especially the gravel bars
differed in a high degree (>90%) from all other oteabitats, adl. melanostomuwas not
found within the side arms (tab. (attachment) The above mentioned dominant species,
plus one additional specieBdrca fluviatilig affected the classification of assemblages of
different months (tab. 9).

A way longer list of species, including the mostiloant species, accounted for the
observed dissimilarities between months, rangioghf75 to 82%. June differed from July
by 77,6% and from August by 81,8%, while July angyAst differed by 75,3%.

Table 9: Results of SIMPER analysis, based on limg fishing abundance data, displaying diagnostic
species (90% similarity) for the reaches, mesohthand months. Av.Abund = average abundance; Awv.Si
= average similarity; BDA = Danube reach Bad Deutgdtenburg; WITZ = Danube reach Witzelsdorf;

HAIN = Danube reach Hainburg; GB = gravel bank; &Broin field; PO = pool; SA = side arm

Reaches
BDA Av.Abund Av.Sim WITZ Av.Abund Av.Sim HAIN Av.Abund Av.Sim
N. melanostomus 0,86 10,97 N. melanostomus 0,96 17,48 N. melanostomus 0,87 9,19
N. kessleri 0,44 2,55 B. barbus 0,24 1,64 N. kessleri 0,49 3,36
B. barbus 0,26 1,79 N. kessleri 0,32 1,62 A. bjoerkna 0,38 1,73
A. bjoerkna 0,35 1,67 Z. zingel 0,2 0,95 G. albipinnatus 0,29 1,64
A. brama 0,28 1,35 A. brama 0,23 0,94 S. glanis 0,25 1,23
N. gymnotrachelus 0,33 1,02
Z. streber 0,23 0,7
Mesohabitats
GR Av.Abund Av.Sim GB Av.Abund Av.Sim KO Av.Abund Av.Sim SA Av.Abund Av.Sim
N. melanostomus 1,31 25,69 B. barbus 0,61 9,67 N. melanostomus 0,94 19,84 N. melanostomus 0,9 9,37
N. kessleri 0,51 3,79 G. albipinnatus 0,48 4,8 B. barbus 0,19 2,22 N. gymnotrachelus 0,9 9,07
A. bjoerkna 0,46 2,98 V. vimba 0,46 4,61 A. ballerus 0,69 7,22
A. brama 0,32 1,82 Z. streber 0,37 2,22 A. bjoerkna 0,68 7,14
N. kessleri 0,66 4,77
Months
June Av.Abund Av.Sim July Av.Abund Av.Sim August Av.Abund Av.Sim
N. melanostomus 0,81 14,44 N. melanostomus 0,97 12,99 N. melanostomus 0,89 9,26
A. brama 0,29 2,06 N. kessleri 0,57 5,17 N. kessleri 0,63 5,87
B. barbus 0,24 1,27 A. bjoerkna 0,43 2,5 P. fluvatilis 0,37 1,81
A. bjoerkna 0,19 0,74 Z. zingel 0,22 1,08 V. vimba 0,24 1,31
B. barbus 0,17 0,94 B. barbus 0,24 1,03
N. gymnotrachelus 0,25 0,91 N. gymnotrachelus 0,3 0,69

Species Composition and Abundance

The first two axes of the principal component asaly(PCA) for long line fishing
explained 42% of the total variance, 28% by PC1 kb by PC2. The crucial species for
the x-axis wereNeogobius melanostomuseogobius kessleri, Barbus barbasd Perca
fluviatilis. N. kesslericorrelated also with the y-axis in an equal deg®evith the x-axis.
Further species correlating with PC 2 wedXeogobius gymnotracheluand Abramis
ballerus(tab. 10, fig. 35).
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Figure 35: Two dimensional PCA ordination plot pesies scores for long line fishing. PC 1 accotmits
28% and PC 2 accounts for 14% of the total spa@igability. The dotted line marks the origin (X7y& 0).

Table 10: Eigenvalues and corresponding speciabriga for the PCA ordination plot of species scdogs
long line fishing. PC 1 accounts for 28%, PC 2 ante for 14%, PC 3 accounts for 9% and PC4 accounts
for 8% of the total species variability.

Species PC1 PC2 PC3 PC4 Species PC1 PC2 PC3 PC4

Eigenvalues 0,28 0,14 0,09 0,08

A. ballerus 0,15 0,59 0,02 -0,38 L. idus -0,16 -0,02 -0,01 -0,02
A. bjoerkna 0,44 0,35 -0,57 0,03 N. gymnotrachelus 0,32 0,72 -0,03 -0,39
A. brama 0,25 0,29 0,77 -0,13 N. kessleri 0,51 0,56 0,05 0,57
A. sapa -0,08 -0,23 -0,05 0,03 N. melanostomus 0,92 -0,37 0,01 0,00
A. alburnus 0,22 0,03 -0,17 0,33 P. fluviatilis 0,51 0,27 0,22 0,09
B. barbus -0,51 0,05 -0,13 0,29 R. rutilus 0,16 0,31 0,13 -0,13
C. gobio 0,07 -0,20 -0,01 -0,09 S. lucioperca 0,18 -0,12 -0,21 -0,03
G. albipinnatus -0,47 -0,04 0,12 0,20 S. volgensis 0,27 -0,11 -0,13 0,14
G. gobio -0,18 0,00 0,33 0,17 S. glanis 0,08 0,46 -0,03 -0,23
G. baloni 0,24 0,29 0,33 -0,24 V. vimba -0,10 0,09 0,31 0,55
G. schraetser 0,20 -0,21 -0,26 0,19 Z. streber -0,25 0,02 0,10 0,32
L. cephalus -0,05 0,22 -0,14 0,09 Z. zingel -0,12 -0,17 0,17 0,18

Samples with negative x-values tended to Ibickmelanostomubut instead containe#.
barbus. Also Perca fluviatilis was missing in the sampleghwan x-value below 1.
Samples with negative y-values tended lack indizisluof N. kesslei and N.
gymnotrachelugfig. 36).

The figures of the sample scores did show a cleparation into two different bulks of

sample points, one bulk in the negative regionhefx-axis and one in the positive. This
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two big aggregations of samples were distinguidhethe abundance ®f. melanostomus

and B. barbus due to the fact that the left bulk (negative regiof x) lacked N.

melanostomuand the right on8. barbug(fig. 36).

Comparison of the mean sample scores for the traeube reaches revealed no

significant difference between the river segments.
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Figure 36: Two dimensional PCA ordination plot afrple scores from long line fishing. PC 1 accotioits
28 % and PC 2 accounts for 14% of the total sawgliability. Different colour coding for Danube itees,
mesohabitats and months are indicated by diffezelours/fills (see legend).

Significant differences between the mesohabitatv@h axes were observed (PC 1
Kruskal Wallis test: Chi-Square= 25,42; p= 0,00 R Kruskal Wallis test: Chi-
Square=15,72; p= 0,001; for both tests d.f.= 3;()=FFamhane Post Hoc tests). On PC 1
the SA differed high significantly (p= 0,002) fronhe GB, the GB differs highly
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significant (p= 0,000) from the GR and high sigrafntly (p= 0,009) from the PO and the
GR differed high significantly (p= 0,009) from tHO. On PC 2, SA differed at least
significantly from all other mesohabitats (SA vB:G= 0,025; SA vs. GR: p= 0,003; SA
vs. KO: 0,003) while they did not differ from eacther.

The sample scores of the mesohabitats showed kasipaittern as mentioned above. The
sample points of the gravel banks (GB) were grougeithe left side of the x-axis, these
catches contained nd. melanostomusut were characterised by the occurrenceBof
barbusand other species (fig. 36).

No significant differecnes between the three montkse observed. Sample points from

each month were found within each region (posiivaegative) of PC 1 and PC 2.

Danube Reach

There was a significant difference between the nistinabundance of the three Danube
segments (ANOVA: F= 5,23; p= 0,009; d.f.= 2; n= Jlikey Post Hoc test): The WITZ
and HAIN sites differed high significantly from daother (p= 0,007) as the highest mean
abundance was found within the HAIN site (4,513*mih™) and the lowest within the
WITZ site (2,239 ind*miff). The mean abundance of BDA (3,034 ind*Hjinay in
between.

The species with the highest abundance in all Danudaches wadNeogobius
melanostomusC. gobio,Leuciscus idugndA. alburnus were found onlyithin BDA and

G. gobio, G. baloniR. rutilus S. luciopercaS. glanisandS. volgensionly within the
HAIN site (fig. 38).

Mesohabitat

Between the four mesohabitats a significant diffeee concerning their fish abundance
was found (Kruskal Wallis test: Chi-Square= 19,p3;0,000; d.f.= 3; n= 50; Tamhane
Post Hoc test). The SA and PO habitats differedisogintly (p= 0,028) from each other,
GR and PO even highly significant (p= 0,000). Thghlst mean abundance was found
within the SA (5,311 ind*miri), followed by GR (3,915 ind*mif) and GB (2,914
ind*min™) while the lowest mean abundance was found ifPB&L,413 ind*mift).

A. alburnus S. luciopercaand S. vogensisvere found only within GRG. baloni, G.
schraetseandR. rutiluswithin SA, C. gobio onlywithin PO and5. gobioandL. idusonly
within the mesohabitat GB (fig. 39).
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Figure 38: Species composition, species numberabnddance of single fish species sampled by larg li
fishing in the three Danube reaches. The Y-axisvshthe abundance (lagogarithmic scaling. BDA

Danube reach Bad Deutsch Altenburg; WITZ

DanuletaVitzelsdorf; HAIN= Danube reach Hainburg.
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Sampling Period

Overall the highest mean abundance has been faunlly. There was a significant
difference between the mean abundances of the thoeghs (Kruskal Wallis test: Chi-
Square= 8,66; p= 0,013; d.f.= 2; n= 50; Tamhand Ros Test) where June differed high

significantly (p= 0,005) from July.

WITZ HAIN Total Catch
[ BDA

[ 1wWITZ

M TRE u -

June July August June July August June July August June July August

Mean Abundance
(Ind*min-1)

Figure 37: Within reach and total catch comparisbnmean abundance (Ind*nmih during the sampling
period. The X-axis shows the months, the Y-axisaghthe average abundance. BDA= Danube reach Bad
Deutsch Altenburg; WITZ= Danube reach Witzelsdbt&IN= Danube reach Hainburg.

The species -specific abundance changed duringaimpling period. The species number
rose from 13 in June to 18 in July and decreasetibtin August.Cottus gobio, Gobio
gobio, Gymnocephalus baloni, Leuciscus idus, Ziagelel, Alburnus alburnus, Leuciscus
cephalus, Rutilus rutilus, Sander lucioperaad Sander volgensigppeared in only one
month:L. idusin JuneC. gobio, G. gobio, A. alburnus, Z. zingeldR. rutilusin July and
G. baloni, L. cephalus, S. lucioperaadS. volgensign August (fig. 40).

The highest mean abundance during the samplinggeavas found within the Danube
reaches BDA and WITZ in July while the HAIN siteshiaearly equal values for July and
August (fig. 37).

Biodiversity: Species Number, Shannon Weaver Indeand Evenness

Danube Reach

Between the three sampling sites was a high sggmfidifference, concerning their mean
species number (ANOVA: F= 5,24; p= 0,009; d.f.=2; 50; Tukey Post Hoc test). The
lowest number of species was found within WITZ (lthe highest within the HAIN site
(21). These two sampling sites differed high siigatftly (p= 0,007) from each other while
BDA (17 species) showed no significant difference.

There was also a significant difference regardihg tnean Shannon Weaver Index
(ANOVA: F= 4,03; p= 0,025; d.f.=2; n= 45; Tukey Rdtoc test): the WITZ site differed
significantly from the HAIN Danube reach (p= 0,021)

The mean Evenness did not differ significantly besw the sampling sites (ANOVA: F=
1,664; p=0,202; d.f.= 2; n=45; fig. 41).
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Figure 41: Shannon Weaver index, Evenness andgpéaies number of the total catch in the threeuban
reaches. Bars represent mean values, error barssep standard deviation. Significant differenees
indicated by star symbols. BDA= Danube reach Badt&h Altenburg; WITZ= Danube reach Witzelsdorf;
HAIN= Danube reach Hainburg.
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Figure 42: Species number, mean Shannon Weavex utd mean Evenness index and per month in the
three Danube reaches. Bars represent mean valuesbars represent standard deviation. BDA= Danube
reach Bad Deutsch Altenburg; WITZ= Danube reactz@$dorf; HAIN= Danube reach Hainburg.

During the sampling period, the species number vaen the HAIN site from 9 species

in June to 15 in August, while BDA and WITZ had thghest species number in July (12
and 9 species).

BDA and WITZ had the highest values for the meaarBlon Weaver Index in July (also

compare “species number”). The HAIN site, having tighest mean Shannon values of
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all three Danube reaches, showed equally high salneJuly and August. Also the
Evenness shared a similar tendency over the sagnplemiod like the Shannon Index

within the three Danube reaches (fig. 42).

Mesohabitat

In general the highest number of different fishcspe has been found within the GR (16)
mesohabitat, the lowest within the PO (10). Comqgathe mean species number of the
four mesohabitats a highly significant differen@es lbeen found (Kruskal Wallis test: Chi-
Square= 19,21; p= 0,000; d.f.= 3; n=50; Tamhand Fos test). SA vs. PO and GR vs.
PO differed highly significantly (p= 0,000) from ataother. The mesohabitat with the
highest mean Shannon Weaver Index was the SA,Ghka@ the lowest value, while GR
and GB shared a similar mean Shannon Index. SARMddiffered high significantly
(ANOVA: F=5,66; p= 0,002; d.f.= 3; n=45; Tukey$dloc test: SA vs. PO p=0,001).
The comparison of the mean Evenness Index betweemesohabitats showed a similar
trend like the Shannon Index but no significantesténces were found (ANOVA: F= 2,49;
p= 0,073; d.f.= 3; n=45; fig. 43).
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Figure 43: Shannon Weaver index, Evenness and spaties number of the total catch in the four
mesohabitats. Bars represent mean values, errerdairesent standard deviation. Significant difiees are
indicated by star symbols. GB = gravel bank; GReirgfield; PO = pool; SA = side arm.

During the sampling period, the highest speciesbarmoccurred in July within GR, PO
and GB. The mesohabitat SA had equal species ngnmbduly and August.

Concerning the Shannon Weaver Index all mesohabitatl the highest values in July,
except for the SA. Here the index rose steadily tive three months of sampling. Also the
Evenness displayed a similar tendency comparedet&hannon Index, except for the SA,

where the values stayed on the same level (fig. 44)
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Figure 44: Species number, Shannon Weaver indexEaadness of the total catch in the four mesohisbita
Bars represent mean values, error bars representast deviation. GB = gravel bank; GR= groin figh®D
= pool; SA = side arm.

Species Accumulation Curve (“Collectors Curve”)

The species accumulation curve for long line fighetppears to be a steadily rising curve
with a decreasing slope (fig. 45, 50 sample unit$)e highest increase can be seen
between 0 and 10 samples.

A total number of 24 species has been observed thith method with calculated
confidence intervals (95%) of 18 and 30 speciesrded to the next integer).
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Figure 45: Species Accumulation Curve for the sasiflom long line fishing. The X-axis shows the pm

units (number of samples), on the Y-axis the calea species number is plottefhe solid line is the
calculated value for the observed species numigetlashed lines indicate the 95% confidence interval
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Fish Size Distribution

Danube Reach

With long line fishing a total number of 309 fisashbeen caught, 108 within the BDA, 81
within the WITZ and 120 within the HAIN site. Theealian fish length of the three
Danube reaches ranged between 10,4 cm in WITZpLindBDA and 11,6 cm in HAIN.
No significant difference between the three sangpsiites was observed (Kruskal Wallis
test: Chi-Square= 4,75; p= 0,093; d.f.= 3; n= 3089st of the fish caught within the three
Danube segments had a total-length between 5 amdth20@ut also fish up to 60 cm were
caught frequently within all sampling sites. Thegkst fish Silurus glanis 97cm) was
caught within the HAIN site (fig. 46).

Mesohabitat

Concerning the fish length distribution a highlgrsficant difference between the four
mesohabitats was oberved (Kruskal Wallis test: &rare= 3,04; p= 0,000; d.f.= 3; n=
309; Tamhane Post Hoc test). While GR (162 indiaidumedian fish length = 10,3 cm),

PO (44 individuals, median fish length = 11,5 cmyl &A (67 individuals, median fish

length = 11,5 cm) had similar length distributignsaximum frequency between 5 and 20
cm, several individuals longer than 20 cm), the @8 individuals, median fish length =

16,4 cm) differed significantly from the GR mesottai (p= 0,021) due to the lowest

number of fish and a different length distributiarthe mesohabitat GB (fig. 47).

Sampling Period

The number of caught fish by long line fishing réisem 74 in June (median fish length =

11,8 cm) to 111 in August (median fish length =31dm), while the maximum number of

fish was caught in July (124 individuals, mediahflength = 10,6 cm). But there was no
significant difference between the fish length mlsttions of the three months (Kruskal

Wallis test: Chi-Square= 3,04; p= 0,219; d.f.= 2;309). All three months display nearly

the same picture: a high frequency of measureddistjths between 5 and 20 cm and low
numbers of individuals between 20 and 50 cm (f&). Zhe biggest fish (Silurus glanis, 97

cm) was caught in July.
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Figure 46: Frequency distribution of fish lengtrasdes at the three Danube reaches. The minor ticks
represent the length classes (2,5cm), the dashedhé median of the length distribution (median®8D11

cm; median WITZ = 10,4 cm; median HAIN = 13,7 crBDA= Danube reach Bad Deutsch Altenburg;
WITZ= Danube reach Witzelsdorf; HAIN= Danube re&tdnburg.
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Comparison and Combination of Methods / Multivariate Analysis

Cumulative Species Accumulation Curve (“CollectorCurve”)

The highest species number was observed for waglawro fishing (28 species), while

boat and long line fishing had equal species numf@ach 24 species). By combining the
three methods (the catch data was based on presentebsence) all species were
displayed in one curve indicating the success ptapwl to the effort of the three methods
combined.

The curve (fig. 49, black segmented line, 431 samylits) had a high gradient in the
beginning which nearly perfectly overlapped thegldine species accumulation curve (red
dashed line). The highest increase was seen betvegrd 100 samples followed a low
increase of new species with increasing sample eumikhis low increase of the curve

indicated that there was a low probability of obs®ey even more species by taking

additional samples.
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Figure 49: Species Accumulation Curve for all methaombined and for each method separately (see
legend). The X-axis shows the sample units (hundfesamples), on the Y-axis the calculated species

number is plotted

Multivariate Analysis of the Total Species Assemblge (all methods)

For further analysis of differences between meth@mube reaches, mesohabitats and
months a non-metric multidimensional scaling analdMDS) was conducted. Therefore
all untransformed CPUE data were combined and nareth Normalization was carried
out by calculating the proportion of the abundaaoteach single species of each sample
(3. = 1). This procedure eliminates the differencestred weighted fish abundances
between methods (i.e. CPUE values of longline esctand CPUE values of
electrofishing), as finally all CPUE data are nowpthyed as proportion catch per sample.
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With this data matrix a Bray Curtis similarity mathas been calculated. This similarity
matrix was the basis for the NMDS plot and also RERMANOVA tests (see also
Material & Methods; Anderson et al. 2008).

Each symbol within the NMDS plots represents a $apgwded with colour and shape for
method, reach, mesohabitat and month (fig. 50|eggnd).

Method

Between the methods there was a global differeRE&RMANOVA: Pseudo-F= 32,96; p=
0,0001; d.f.= 2; n= 381). Visually the NMDS plotcathe mean values showed a clear
separation between boat electro fishing and therd#o methods (fig. 50) but statistically
all methods differed highest significantly from baather (p= 0,0001).

Danube Reach

Overall, there was no significant difference betwélge Danube reaches detectable with
this analysis (PERMANOVA: Pseudo-F= 1,72; p= 0,068%.= 2; n= 381). Also the
distribution of the sample points in the NMDS pbotd the plot for the mean values

showed no visually recognisable separation oftiheet Danube reaches (fig. 50).

Mesohabitat

Between the four plotted and tested mesohabitatglobal difference was found
(PERMANOVA: Pseudo-F= 7,15; p= 0,0001; d.f.= 3; 381). Despite a large overlap of
mesohabitat sample points (fig. 50), all mesoh&bithffered at least highly significant
from each other (tab. 11), apart from rip rap vsirgfield, where no significant difference

was found.

Table 11: Statistical significance values (P(peion)PERMANOVA between the mesohabitats (groups). GB
= gravel bank; GR= groin field; RR = rip rap; SAside arm.

Groups P (perm)

GB vs. GR p = 0,0001
GB vs. RR p = 0,0040
GB vs. SA p =0,0001
GRvs. RR p=0,0676
GR vs. SA p = 0,0005
RR vs. SA p = 0,0025
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Figure 50: MDS plot (left side, based on Bray Gu8imilarity Matrix) of abundance data of all saewl
combined and mean sample scores (right side, kbamsrrepresent standard deviation). Different graigs
(methods), colour (reaches and mesohabitats) aapbstoding for methods, Danube reaches, mesolsbitat
and Months (see legends).
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A clear separation of the mesohabitats is visildgarding the mean scores for the
interaction plot of reaches and mesohabitats §lg. On the first axis, the centroids are
grouped together and a clear progression frontdetite right is evident, with gravel bars
on the left side, followed by rip raps, groin fieldnd side arms on the right side (Fig. 51).
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Figure 51: MDS plot of mean sample scores of mdsitdia per Danube reach (right side, error bars
represent 95% confidence interval). Different colpmesohabitats) and shape coding for Danube reache
and mesohabitats (see legends).

Sampling Period

Between the three months of sampling, a highly iB@mnt difference was found
(PERMANOVA: Pseudo-F= 3,19; p= 0,0008; d.f.= 2; 8&1). Although graphically no
obvious difference is visible (fig. 50), regarditte NMDS and the mean score plot, all
months differ at least significantly from each ath&une differed significantly from July
(p=0,0143) and high significantly from August (0:9095). July and August differed also
high significantly from each other (p= 0,0086).
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Summary and Discussion

Fish Assemblage
A broad variety of different fish species, fromadrfilies and 4 ecological guilds, has been
found in the main channel of the free-flowing setof the Danube. All in all a number of
36 species was observed during the sampling pani@)07. Zauner et al. (2007) on the
other hand recorded a higher number of fish speni#ise Danube segment in the eastern
Machland (Upper Austria). Altogether Zauner obsdr¢8 different fish species within the
main channel of the Danube and the connected sii& a
Reyjol et al. (2007) reported a total number of #38 species in European river systems
and mentions that the whole Ponto-Caspian regiaciu@ing the Danube) is one of the
most diverse bio-geographical areas in Europe rdaggfish species diversity.
Compared to other big European rivers, the Danubleisha very species-rich fish
assemblage. According to Jungwirth et al. (2008yehare 57 fish species native to the
Danube in Austria. The Loire (32 fish species; least a. 2007), Seine and Rhbne
(together, they hold at least 47 different fishcsgg Daufresne et al. 2007), or the Rhine
(43 fish species; Siepel et al. 1993) harbour s diégers fish community.
In this study, the use of three different fish shngpmethods enabled the detection of a
broad spectrum of species in the main channel @fDhnube during a relatively short
period of sampling. All three methods proved toaide to capture most of the common
fish species. On the other hand, one sampling ndedthdts own would not have been able
to describe more than 50 % of all the possibly oteg fish species. Each of the sampling
methods respectively detected fish species, thersthlid not: Boat electro fishing
exclusively accounted for one species, while lang fishing added 5 and wading electro
fishing added 4 species to the total amount ofi&® $pecies. Thus the combined methods
accounted for 63% of the known fish fauna of thelee in Austria. Furthermore it seems
that each method focused on a different part offisteassemblage, as certain groups of
species were dominant for each method (pelagic reat-ground fish species for boat
electro fishing, litoral fish species for wadinge&iro fishing and benthic fish species for
long line fishing). Generally, the suitability ofinous fish sampling methods differs for
certain habitat types and species (Growns et &@6)Y19Therefore, the application of
multiple fish sampling methods is the best waydbect data of the total fish assemblage
at hand (Growns et al. 1996, Casselman et al. M@@yver et al. 1993).
However, the differences between the methods, wbedefrom the combined and
normalised data set of all methods, indicated, ti@t only methodological selectivity
and/or suitability is responsible for the occurreraf different assemblages in different
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regions (inshore, sublittoral, river-bed) of theer. On the contrary, it is to be concluded,
that indeed the fish assemblages vary in differegions.

Regarding the three different Danube reaches exadrnimthis study it is to be noted, that
they showed similarities regarding the common &glecies but differed regarding the
presence or absence of rare and specialised spé&tiesowest number of species was
observed within the Danube reach Witzelsdorf (2&css), while in the reaches Bad
Deutsch Altenburg and Hainburg equal numbers (3isp respectively) were caught.
The dominant fish specie#\.(alburnus, A. aspius, B. barbus, C. nasus, Nelogosp.,
etc) were found within all three reaches in similaagtities. This pattern is not surprising,
as these fish are rated as core species for |gyg®tamal rivers in Austria, like the
Danube east of Vienna (Haunschmid et al. 2010)o Xliguner et al. (2007) and Tarkus et
al. (2010) came to the same results regarding allasegment in the lower Machland
(Upper and Lower Austria) and a Danube reach ugpsiref the hydropower plant
Freudenau (Vienna), where core species dominatedsbemblage and secondary species
where less abundant.

However, some exclusive and rare species were fauthih each of the three examined
reaches. These species consisted of fluvial sp&sigGobio gobioand Gymnocephalus
baloni in the Hainburg reach) as well as generali§taréssius gibelion Bad Deutsch
Altenburg) and stagnophile fish specieGaéterosteus aculeatusn Bad Deutsch
Altenburg,Sander volgensiandScardinius erythrophthalmus Hainburg).

Having thus outlined the consistency of the fiskeasblages on a larger scale, we will now
turn to the discussion of the different fish asskagés found within the five mesohabitats.
Only four speciesA. brama, B. barbus, N. kessleri and N. melanosghimecurred within
each of these mesohabitats.

The highest number of different fish species wamiébin groin fields. Confirming the
study at hand, Fladung et. al (2003) detected asierilar number of fish species in groin
fields in the river Elbe. The high alpha diversity this type of mesohabitat might be
explained by the wide expanse of groin fields dredavailability of different microhabitats
within them (woody debris, spare room between amsbones, etc.; Angermeier et al.,
1988), which provide food and shelter. Especiallg heozoen (invasive) fish species
Neogobius gymnotrachelusl. kessleriand N. melanostomushowed high abundances
within this mesohabitat. These gobies are ben#dpeleophil (cavity or cave lover), fish
species, which use the room between rocks and arstones e.g. for egg deposition
(Ahnelt et al. 1998; Polacik et al. 2008). Furthere) these gobies showed the highest
abundance in the anthropogenic mesohabitats rip aagd groin fields. These man-made
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habitats, made of armour stones, seem to be uhféleological niches, which suite
Neogobius sphest (Bammer, 2010). However, gobies were foundiwill reaches, in all
mesohabitats and throughout the whole period ofpiam The lowest abundance of
Neogobius spwas found at the gravel bars, where expandede sborother sheltering
structures are normally missing. The fish assengbtighis mesohabitat mainly consisted
of the common pelagic / eurotopié.(alburnug and rheophilic specieB( barbus, C.
nasug, accompanied by a group of less abundant spéssesalso chapter Results). The
same pattern was found in rip rap mesohabitat$, thié exception that gobieNd€ogobius
sp) dominated the fish assemblage, due to the avigtjatf armour stone structures.
Gobies were also present and abundant within ttle arms. They did not, however,
dominate these habitats, since various eurotOpialburnus, L. cephalus, R. rutilus, P.
fluviatilis) and rheophilic specieA( aspiu$ were also found there. Generally, inshore
areas tend to hold a more diverse fish assemblagerhain channel habitats. Especially
side arms and bays provide enhanced shore heteibgemd elevated productivity of
river plankton, which positively affects the fisbremunity (Schiemer et al. 2001). This
pattern is also reflected in the results of thelgtat hand. The least number of different
fish species was observed in pool habitats of thenrohannel. This fish assemblage was
dominated byNeogobius spbut also included rithral( lota), rheophilic A. ballerus, A.
sapa, B. barbus, C. gobio, Z. zingahd eurytopic fish specieé.(brama and S. glanis
During a hydro-acoustic investigation, Rakowitz firess) discovered, that pools tend to
be refugial habitats for large numbers of fish,eesly during low flow conditions in
winter. However, no applied and available standastiing technique is capable of
collecting fish (semi-) quantitatively in large geepools in the fast flowing main channel
of a large river.

All in all, almost a third (28%) of the fish spesidound during the sampling period,
belonged to endangered species (Habitat Directime 1992; ANNEX Il and V). This
high percentage of vulnerable species and the gkehigh abundance of fish indicated the
high ecological value of the three sampled Danwdsehes and the importance of the

National Park “Donauauen” in the remaining freeafilog Danube stretch east of Vienna.

Danube Reaches

Boat electro fishing

The comparison of PCA scores for boat electro figlshowed a small, albeit significant
difference between the sample points of the Damabehes WITZ and HAIN. However,

this difference could not be detected by the comparof the total abundance data.
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Regarding the calculated biodiversity indices, #igant differences were found,
indicating the existence of different fish assemgbk&in WITZ and HAIN. The lowest
diversity values were found in the Danube reachz@sdorf and the highest in Hainburg.
These two Danube reaches differed concerning thdaaity of groin fields and gravel
bars (see also Study Site). The pelagic and soikali{near-ground) fish assemblage was
definitely affected by the availability of habitats seems, that the study site Hainburg was
better suited (or in a better ecological conditimmeet the needs of the fish community

sampled by boat electro fishing (pelagic, subdit@and near-ground fish species).

Wading electro fishing

The comparison of the PCA scores for wading elefisting (inshore or near shore fish
assemblages) also showed significant differencasidem Witzelsdorf and Hainburg.
However, these differences were not based on i@rsbf the total abundance in the three
reaches.

Regarding the biodiversity indices, a differenttpie, compared to boat electro fishing,
has been revealed: the lowest diversity values vi@mmad in HAIN and the highest in
BDA. Here the sampling sites differed significanttpncerning Shannon index and
Evenness. Again, the differing availability of meabitats might have been responsible for
the occurring differences. Generally, wading eleéighing works best in groin fields, side
arms and rip raps, where escaping fish can be btbdky existing obstacles (groins,
armour stone structures etc.), or be drawn fronr thiding places (e.g.Neogobius sp.
But on gravel bars fish can escape nearly in aflations, making it impossible to catch all
fish at hand (Peter et al. 1996).

Furthermore, a general significant difference betwghe fish length distribution of the
three reaches has been found, but no further digtmbetween the single study sites was
possible, due to non-significant Post Hoc teststh&slength distribution patterns and the
average / medians of the three reaches were venylasi the observed statistical
differences were rather of statistical / mathenadtithigh sample number) than of

biological nature.

Long line fishing

In contrast to both electro fishing methods, thenparison of PCA scores for long line
fishing did not reveal any significant differenckstween the three Danube segments.
However, regarding the total abundance a highlgisagant difference was found between
the Danube reaches Witzelsdorf and Hainburg. Thfferdnce was based on the high
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number of species and the high fish abundance iiNH& contrast to the lower number
of species and a rather low fish abundance in WfigZ38). A very similar pattern was
uncovered in the biodiversity indices, where thelze reaches WITZ and HAIN differed
significantly. Similar to boat electro fishing, thewest diversity values were found in
WITZ and the highest in HAIN. In summary, theseutessshow that in terms of diversity
and species richness, there are differences betiheefish assemblages of WITZ and
HAIN.

Recapitulatory, differences between the three Damelaches regarding species richness
and diversity have been detected with all threehodgt. However, no consistent pattern,
concerning the results from the different methartsjld be detected. Irrespective of the
Danube reaches, pronounced differences betweenhatgtats were found. Differences
between the three Danube reaches might have besad lmn the availability (or non-
availability) of mesohabitats. Furthermore, theyirag proportions of habitat types within
the reaches probably acted as a major factor fterdnces between the fish assemblages.
For example, BDA and WITZ shared similar percensagemesohabitats (GR, GB, RR,
SA), while a higher proportion of gravel bars arayfew groin fields were found in the
HAIN site, which might be a reason for dissimilashore fish communities. The different
shore configuration of HAIN (although of a nearurat character) led to low diversity
values for wading electro fishing. However, thistpre was not validated by boat and long
line fishing, as these methods found the most divish assemblage within the HAIN
reach. This observation might indicate, that thaube reach near Hainburg, with its near
natural shore configuration, provides better edckgconditions for riverine fish, than the
other two reaches. However, the proximity of the wensecutive Danube reaches, BDA
and HAIN, might have affected the results, as [stidly sites shared a similar pelagic and
sub litoral fish assemblage. Due to the wide honmarges of species found within the two
sites, normally expanding over multiple kilometfegg.A. alburnus, B. barbus, C. nasus
Rakowitz et al. 2009, Zitek et al. 2004), wadingo#io fishing observed the most divers
and abundant fish assemblage within the Danubehrd&dA. Here suitable shore
configurations for sampling by wading electro fighhiwere at hand (groins acting as
barriers, rip raps, less gravel bars).

Generally, the results of wading electro fishingwhthat different angles of view (in this
case: different fish sampling methods) are necgssaunderstand the composition and

condition of the whole fish assemblage at handiffsrent fishing techniques are limited
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by environmental factors (water depth, current,rehmonfiguration etc.), as mentioned
before.

Overall, the length distributions did not show siigant differences between the Danube
reaches, but each method appeared to be seleetjaeding fish size (Growns et al. 1996;
see also chapter “Introduction”). Wading electrshing has been concentrated on the
litoral zone (inshore areas) of the river, whereakbrfish tend to be found in higher

numbers (Schlosser 1991). The other two method® weplied farther away of the

shoreline, in the main channel, which is — accaydim Wolter et al. (2001) — generally

colonized by bigger fish.

Mesohabitats
Between the pre-defined mesohabitats significafierginces, regarding total abundance,
species diversity and fish size, were found. Thesaillts were detected with all three

applied fishing methods.

Boat electro fishing

The comparison of PCA scores of boat electro fighincovered significant differences
between the mesohabitats. Groin fields differedhésg significantly from the rip raps and
significantly from the gravel bars. Furthermorege thnalysis of total abundance also
indicated a significant difference between thessahabitats.

Moreover, the diversity indices differed betweewe tmesohabitats: the highest species
numbers were found in the groin fields, the loweghe rip raps. Distinct differences were
also observed regarding the Shannon index of sids and rip raps, as well as side arms
and groin fields, as the highest Shannon values ¥e&md in the side arms and the lowest
in the rip raps.

All in all, the majority of fish, caught in all mekabitats, had a length ranging between 10
and 20 cm. The length of the biggest fish reachedouwver 70 cm. In the side arms, no

fish exceeded 35 cm total length.

Wading electro fishing

The results of wading electro fishing displayedngigant differences between the
mesohabitats. However, in contrast to boat elefsbing, the comparison of total
abundance detected significant differences betvalemesohabitats, except for rip raps

and groin fields, where no significant differencasmncovered.
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Regarding the biodiversity indices, the highestigalwere found in the side arms and the
lowest in the gravel bars, which differed signifitdlg from all other mesohabitats, while no
significant difference was found between side aam gravel bars.

Furthermore, the comparison of the total lengtirithistion detected significant differences
between the mesohabitats. However, no fish caughtnathe side arms exceeded 20 cm,
while all the other mesohabitats harboured bigggr. in contrast to boat electro fishing,
side arms sampled by wading electro fishing, hdéld second highest number of

individuals, while the highest number was agairedetd in the groin fields.

Long line fishing

The comparison of the abundance data revealedfismmi differences between the
mesohabitats. The gravel bars differed from aleotinesohabitats (side arms, groin fields
and pools), while the side arms only differed fritva gravel bars.

Furthermore, differences between these mesohabitate discovered regarding the
number of species and the Shannon index. The highesaber of species was found
within the groin fields, while the highest Shannalues were detected in the side arms.
The lowest diversity values were found within tlewlbmesohabitats.

Concerning the fish length distribution, signifitahfferences were detected between the
mesohabitats, especially between gravel bars, wher®owest number of individuals was
discovered, and groin fields, where the highest disnsity was found. However, the length
distributions of all mesohabitats seemed to be lanmnas the majority of fish did not
exceed a total length of 10 to 20 cm. An intergstside aspect pertained to the pool
habitats, where the largest fish of the whole stwdyg caught: a catfistS{lurus glani$,
with a total length of 97 cm.

The discovered differences, regarding abundanca, dabdiversity indices and length
distribution, indicated, that the visual classifioa of the mesohabitats was effective
enough to detect differences between the site-pdéish assemblages, although overlaps
existed.

However, the results of boat, wading and long fisking differed between each other, as
each method has been applied in different areas(@epth)layers (litoral, sub-litoral,
pelagial, benthal; Peter et al. 1996, Bjordal etLl8P6) of the mesohabitats. Therefore the
methods sampled different parts of the fish assag#hlas already mentioned before.
Especially regarding the abundance data (mean CHIR), differences between the
methods were noticed. Where boat electro fishingpuered differences, wading electro
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fishing could not (GR vs. RR), although both methade based on a similar methodology.
A possible explanation may be the different halatad depth layer use of different sized
fish and, in general, of different species. The Htsh assemblage of one mesohabitat
type cannot be sampled by one sampling method easioned before.

However, several similarities between the threehoudt have been discovered. The
highest number of species was always detectedeirgtbin fields or the side arms. Not
only do groin fields cover vast areas in the mdiammel of the Danube, they also hold a
huge volume of water, providing enough space affdrdnt ecological niches for a great
number of fish and fish species (Angermeier etl#188). However, the highest diversity
values (Shannon Weaver index and Evenness) weeysldetected in the side arms, while
all other mesohabitats had lower values (fig. Boad 43).

In general, side arms seem to contribute refugidlraursery habitats for small fish and are
used as spawning (Hohausova et al. 2003) and fayagieas for many species (Schiemer
et al. 1994). Especially the riparian vegetatiod amody debris within side arms provide
a variety of microhabitats, used by different fighecies for food, hiding and spawning
(Schiemer et al. 1989, Pander et al. 2010).

Be that as it may, the order of the other mesoathiin terms of biodiversity, varied
between the methods. In the gravel bars low dixexslues were detected for long line
and especially for wading electro fishing, due tetimodical problems, as already noted.
Boat electro fishing, on the other hand, found ¢bkeond most diverse fish assemblage
within this mesohabitat. Generally, extensive tmjeneous gravel bars, with access to
floodplains, side arms and backwaters, provide daadgitats for riverine fish (Hirzinger et
al. 2004). However, the depth layer use of differiesh species and size classes in the
gravel bars definitely affected the results ofttinee methods.

Regarding wading electro fishing, the second moadrd fish assemblage was detected in
the rip raps, where low numbers of species (setmndst, fig. 24) and similar abundance
patterns of the most common speci@s &lburnus, Neogobius 3presulted in elevated
diversity levels. Generally, artificial habitatsp(raps and groin field) provide different
sediment material (armour stone, boulders, largees!) in contrast to the general river bed
material sand and gravel. Therefore, these meswitslact as ecological niches, where
especially neozoen (invasive) fish species areutratj(Erds et al. 2008), using the space
between armour stone structures as refugial anarspg sites.

The lowest diversity values and number of specesebeen found in pool mesohabitats
(fig. 43). This result may be explained by the $nmalmber of sites and the limited
capacity of long line fishing. However, Rakowitm (press) revealed during an echo
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sounder investigation (“Flussbauliches Gesamtptgjethat pools in the main channel of

the Danube are more than deep holes in the river Deey provide refugial habitats for

large numbers of fish, especially during low flownditions in winter, as already

discussed.

All in all, the results at hand indicate, that shsked fish species, like gobies, and
juveniles preferred the litoral zone, while adukhf were detected in deeper regions
(Schlosser 1991; Wolter et al. 2001).

Sampling Period
In summary, every month of sampling brought différeesults — regardless of which
method was applied — but no consistent patternre@sgnizable.

Boat Electro Fishing

All measured parameters (abundance, species nuandediversity) were increasing from
June to August, in all reaches and mesohabitatshétinore, no visible difference was
found for the total length distribution of the tereonths.

During the whole sampling period,. alburnus, B. Barbus and A. aspiwere the most

dominant species.

Wading Electro Fishing

The results of wading electro fishing showed adliyeantithetic result compared to boat
electro fishing: abundance, species humber andvamsity declined from June to August
(after a small peak in July). This trend was obsérfor all Danube reaches and for the
mesohabitats groin field and rip raps. In gravelsbend side arms more or less stable
values have been detected. A possible explanatiothé decline of abundance during the
sampling period might be found in habitat shiftgha litoral fish community from shallow
to deeper regions. Furthermore, these results laceraflected in the rising abundance
uncovered by boat electro fishing, which was ajgjilne/ over deeper regions.

Regarding the total length distribution, differemdmetween the months were detected. A
slight increase in total length has been noticeon{f4 to 5,6 cm median length), which
might have been caused by the growth of fish.

In a nutshell, the most dominant species during ttiree months of sampling were

Neogobius spundefined cyprinids andl. alburnus.
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Long Line Fishing

The highest abundance, species number and biodyveras monitored in July, while in
June and August lower values were observed. Thisdtwas equally prevailing in all
reaches and mesohabitats, except in the side ainese a steady increase in fish diversity
was detected.

Moreover, the dominant fish species during theghmenths of sampling weldeogobius
sp. and various benthic fish species. The compositiaihese benthic fish species changed
during the advancing sampling period (see alsoQamnd fig. 40).

Regarding the total length (median), a decline fdame to July (11,8 to 10,6 cm) has been
detected.

All in all, the observed differences for each metfd not follow a consistent pattern, as
mentioned before. Be that as it may, the detedtiedts could be natural variations in the
fish community, based on behavioural mechanismsgrétion, predation, food
competition, etc.), or on variations of environnaractors, like flow regime and water
temperature. Each factor might have caused thectdetehabitat shifts within the fish
assemblage.

The discharge and water temperature changed dthhengampling period. A minor flood
occurred during the mid of July (peak dischargeten11" July 2007). This event might
have affected the fish community (King et al. 2Qa8)e to water level based changes in
habitat availability (Gorman et al. 1978), but mmt been tested in this study. However,
the results indicated, that there was a generahti@n in the fish community during the
three consecutive months. Sampling throughout alevigear would certainly display a

more pronounced picture of fish assemblage chatgésg the seasons.

Integrative Approach

After discussing the results for each single metlaoohore holistic way of interpretation is
needed to understand general fish assemblage téréstics of large rivers. Therefore the
fish abundance data of all methods has been cochbineating an integrative approach to
investigate (or at least draw nearer to) the “trpieture of the fish assemblage at hand.
First of all, this combined fish data set discodetigat enough samples have been taken to
describe the fish assemblage at hand, as inditgtélde course of the collectors curve for
the combined methods (fig. 49). The highest in@edsspecies was detected for long line
fishing. More samples taken by this method wouldbpbly have increased the total
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number of species. However, this method is labatiexpensive and time consuming and
was at its maximum capacity, regarding this study.

Further analysis of the combined and normalizech dat indicated that differing fish
assemblages were found in different regions ofntlaén channel. Furthermore, the results
of PERMANOVA tests revealed differences between ritethods, the mesohabitats and
the months.

Method

Regarding the sampling methods, the results ingliathat each method focused on a
specific part of the fish assemblage, given thiaim&ithods differed from each other, even
after the normalisation of the combined data skis Pprocedure should damp the effect of
method-specific selectivity. However, this aspextniot only based on presence and
absence of species, as overlaps exist betweendtiod(seen in the NMDS plot, fig. 50),
but also on the species specific abundance, whifferedd between the methods.
Cadwallader (1984) postulated that all fishing teghes are selective and each attempt to
describe fish communities with a certain methotbisome extend biased. Regarding the
study at hand, long line fishing definitely undéimested the abundance dflburnus
alburnusand other small pelagic fish species, due to nukthb issues (e.g.: the use of
hooks and the general focus on the benthic comgjumiehavioural, morphological and
ecological characteristics of the fish species. édwer, boat electro fishing detected
unrepresentative abundance data Ni@ogobius sp compared to the results of the two
other methods. On the other hand, it seems reakotlad the occurrence and abundance
of Neogobius spwas lower in the open water and near bottom ayetse sublittoral zone

of the river, compared to inshore areas coveredh Wiy stones and providing large
interstitial volume. Though, morphological (no swinladder) and behavioural aspects
(habitat preferences) dfleogobius spmade an unbiased approach nearly impossible,
because these fish were mainly found in or neak lsae structures, where a quantitative
approach of boat and long line fishing was hardiyaccomplishable.

Based on this knowledge, a combination of data fdesoeven more reasonable. Each
method contributes a different angle of view fomere holistic picture of the fish
assemblage at hand.

In summary, the results of each method represemtmambination of selectivity—induced
patterns, as well as preferences of species anddnodls. To discriminate these factors,

extensive studies are required and have to be takeer.
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Danube Reach

Regarding the analysis of the combined and noredldata set, no significant difference
between the reaches has been detected. A generalusion from this result is, that,
despite the differences of mesohabitat availab{litgtween Hainburg and the other two
reaches, BDA and WITZ), the main channel of the i@nseems to be characterised by a
distinct fish assemblage. However, significant etéihces between reaches exist, when
specific elements of the total assemblage (suldittmear-bottom, inshore assemblage) are

compared.

Mesohabitat

Nearly all mesohabitats differed from each othewegt for groin fields and rip raps,

where no significant difference has been detectéds result underlines the general fact
that different types of mesohabitats are colonizgdiifferent fish assemblages (Erds et al
2008, Schiemer et al 1994, Schlosser 1991, Wottat. £2001). Moreover, the results of

each method discovered a similar pattern of fisbemblage structure in the discrete
mesohabitats.

Furthermore, a similar trend has been found fordbmbined and normalized data set.
Here, the progression of centroids, regarding theeraction plot of reaches and

mesohabitats, revealed an interesting pattern %fig. the arrangement of the data points,
from the left to the right, indicated, that the wiesbitats not only were colonized by
different fish assemblages, furthermore, these nalsleges changed regarding the
environmental conditions within the discrete mes$uatiagés. This sequence seems to follow
a clear gradient of velocity, assuming that thehbgy flow velocities occurred in gravel

bars and rip-raps, while lower velocity-patternssted in groin fields and side arm

mesohabitats. Lamouroux et al. 1999 discovered riviexine fish communities are largely

affected by hydraulic conditions, as fish assenmblafyucture and composition (species
composition, abundance, size classes) depend aaulydfactors. Concerning this study,

this pattern is also reflected in the fish assegdsaof groin fields and side arms, where
number and abundance of eurotopic and stagnopisite dpecies were proportionally

higher, than in main channel habitats. These mésiats (gravel bars and rip raps) were
characterised by rheophilic and the most dominanttepic species (fig. 11, 24 and 39).
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Sampling Period

Although the sample points of the sampling periadyely overlapped, a significant
difference between the three month has been disedv&he results of SIMPER analysis
indicated, that varying abundances of A. alburiNeygobius sp., B. barbadA. aspius
were responsible for the detected differences. Wewdhe underlying mechanism, which
caused these differences was not discovered. Whettese variations of the fish
assemblage were based on natural fluctuationsvaroemental induced changes (changes

in water level etc) was not clarified by the stadyhand.
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Zusammenfassung

FlielRgewasser sind im globalen Zusammenhang hdobdeutsame ,hot spots” der
Biodiversitat und der Artenentstehung. Neben vialederen Organismen, bilden Fische in
grof3en Flussen sehr diverse Artengemeinschafteendezente Zusammensetzung und
Persistenz priméar von Habitatverfigbarkeit, Abfteggme und hydraulischen
Bedingungen und der Wasser- bzw. Gewasserquatitdtdiliert werden.

Aussagen Uber Struktur, Zustand und Diversitat vbBischzonosen in grol3en
FlieBgewassern zu treffen stellt eine grol3e Heomdsfung dar, da samtliche zur
Verfigung stehenden Erhebungs-, bzw. Sammelmethgd#fen- und artenselektiv fur
bestimmte Teilzonosen (Litoral, Pelagial, Benthsifnd. Eine Kombination mehrerer
Methoden ist daher erforderlich um ein universeBerBild der tatsachlichen
Gegebenheiten entwerfen zu kdnnen.

Aufgrund ihrer langen Lebensdauer und ihrer sckneReaktionen auf sich verandernde
Umweltbedingungen stellen Fische wichtige Indiketorfir die 6kologische Integritat
groRer FlieBgewasser dar. Unter dem Gesichtspunkier e voranschreitenden
Fragmentierung und Degenerierung dieser Systentelsfarmationen tUber den Zustand
der Fischgesellschaft daher essentiell, da si®iaiedikatoren des Gewassertkosystems
eine elementare Basis fur Schutz- und Restaurgtiojgkte (Flora Fauna Habitat
Richtlinie, Wasserrahmenrichtlinie) darstellen.

RenaturierungsmalRhahmen werden seit einigen Jatterehuch an der ¢sterreichischen
Donau angewandt, um einer zunehmenden Habitatfratigneng und Bedrohung der
artenreichen Fischgesellschaft (57 sp.) entgegenzenv

Die vorliegende Untersuchung konzentriert siche@ogé mdglichst umfassende Erhebung
der Fischartengemeinschaft im Hauptstrom der Ddsdlich von Wien. Dazu wurde eine
Kombination aus drei verschiedenen Fangmethodeat§Befischung, Uferbefischung und
Langleinenbefischung), in drei Donauabschnittentf@fsdorf, Bad Deutsch Altenburg
und Hainburg), wahrend einer 3-monatigen Probeneahiduni — August 2007)

angewandt. Das Hauptaugenmerk lag auf der Beantmgdreier Fragen:

1.) Inwieweit unterscheiden sich die drei Hauptarmabgthvoneinander?
2.) Bestehen Unterschiede zwischen vorab definiertesoligbitate unabhangig von den
Donauabschnitten?

3.) Inwieweit sind Unterschied zwischen den 3 MonatenRIrobennahme ersichtlich?
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Differenzen zwischen den Abschnitten im Hauptarmr deonau, hinsichtlich
Artenzusammensetzung, Abundanz und Biodiversitagrew bei allen einzelnen
eingesetzten Methoden ersichtlich. Generell wiesder Abschnitten mit ahnlicher
Habitatkonfiguration keinen signifikanten Untersadhi beztglich deren Fischzénosen, auf.
Hochst signifikante Unterschiede ergaben sich imnglégch der einzelnen Mesohabitate
(Schotterbank, Blockwurfufer, Buhnenfeld, Kolk uBditenarm). Das Artenspektrum der
jeweiligen  Habitattypen kann unter anderem durche divorherrschenden
Stromungsverhaltnissen erklart werden. Mesohabitateé zu erwartenden hohen
FlieRgeschwindigkeiten (Schotterbank und Blockwukiesen eher stromungsliebende
Vertreter der rheophilen Gilde auf, wahrend bettigsmen Bedingungen eurytope und
stagnophile Fischarten dominierten. Generell kamnaus geschlossen werden, dass
Mesohabitate mit unterschiedlichen Stomungsveriséém auch unterschiedliche
Fischzonosen beherbergen, wobei anthropogen edéstarStrukturen (Buhnenfelder und
Blockwurfstrukuren) besonders von Neozoen (Gatthaggobiu¥ genutzt werden.

Auch wahrend des Probenzeitraums konnten Variatiome der Fischgemeinschaft
festgestellt werden. Ob diese natirlichen Ursprumagen und durch Verhalten oder durch
veranderte Umweltbedingungen hervorgerufen wurdamte im Rahmen dieser Studie
nicht geklart werden. Generell sind, Variationendnei aufeinander folgenden Monaten
innerhalb und zwischen Abschnitten in der Fiscmageneinschaft des Hauptstromes der

Donau zu beobachten.

Die Datenerhebung fur diese Studie erfolgte im Rahmes § 27 Projektes FA5720061
[TP: Voruntersuchungen 2006 fir den Naturversuchd B2eutsch Altenburg (Pre-
Monitoring) im Rahmen des Flussbaulichen Gesamggtes Donau 6stlich von Wien] im
Auftrag der viadonau — Osterreichische Wasserstigéellschaft. Der Standort Ost (Bad
Deutsch-Altenburg) der viadonau stellte seine Biftgktur (Bootsliegeplatz,
Hafenbenutzung) grof3zligig zur Verfigung. Die Eldb#fischungen erfolgten durch die
Bewilligungen seitens des Nationalparks Donauausnies des Bescheids NO LFV-
E11/07.
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Abstract

Fish communities as well as single fish speciegraportant indicators for the assessment
of type and status of large water bodies. Regarthieggrowing number of endangered,
invasive and exotic species it is important to gaformation concerning the community
composition, species diversity as well as the apatind temporal distribution of single
species. The free flowing main channels of LargeeRi are important habitats for many
riverine species; many of them are classified egdeed. In large Rivers it is a difficult
task to get data reflecting the "true picture” afmumunities. By combining different

sampling methods it is possible to approach therabpicture of the fish assemblage.

This kind of information is very important for carsation and restoration projects, like
the “River Engineering Project” within the NatiorRark “Donauauen” to investigate the
effects of restructuring measures on the fish comt@s. Increasing quality, availability

and structural diversity of habitats is an essérdaspect for nature conservation and

restoration not only for fishes, but for the whalguatic environment.
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Attachement

Tabel A: Results of SIMPER analysis, based on lebattro fishing abundance data. Displayed are fish
species, contributing 90% of dissimilarity betwezmroups. Av.Abund = average abundance; Av.Diss =
average dissimilarity; Diss/SD = ratio of averagesumilarity and corresponding standard deviation;
Contrib% = percental contribution; Cum.% = cumulaticontribution; BDA= Danube reach Bad Deutsch
Altenburg; WITZ= Danube reach Witzelsdorf; HAIN= D#be reach Hainburg; GB = gravel bank; GR=
groin field; RR = rip rap; SA = side arm.

Reaches

Groups BDA & WITZ
Average dissimilarity = 66,38%

BDA WITZ
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
A. alburnus 1,39 1,72 21,31 0,92 32,11 32,11
B. barbus 0,67 0,41 11,26 0,81 16,97 49,08
A. aspius 0,49 0,33 9,72 0,71 14,64 63,72
C. nasus 0,16 0,28 4,79 0,53 7,22 70,94
A. brama 0,24 0,19 4,42 0,55 6,66 77,61
L. cephalus 0,19 0,15 3,74 0,45 5,63 83,23
L. idus 0,19 0,1 3,17 0,41 4,78 88,02
R. pigus 0,05 0,06 1,43 0,27 2,15 90,17

Groups BDA & HAIN
Average dissimilarity = 71,86%

BDA HAIN
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
A. alburnus 1,39 1,26 18,91 0,98 26,32 26,32
B. barbus 0,67 0,88 13,72 0,9 19,09 45,41
A. aspius 0,49 0,26 9,43 0,62 13,13 58,54
L. cephalus 0,19 0,43 6,14 0,6 8,55 67,09
C. nasus 0,16 0,29 4,86 0,53 6,76 73,85
A. brama 0,24 0,2 4,82 0,53 6,71 80,56
L. idus 0,19 0,14 3,55 0,44 4,94 85,5
P. fluviatilis 0,05 0,16 1,54 0,32 2,14 87,64
V. vimba 0,06 0,13 1,44 0,32 2,01 89,65
N. melanostomus 0,08 0,06 1,29 0,29 1,8 91,44

Groups WITZ & HAIN
Average dissimilarity = 70,33%

WITZ HAIN
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
A. alburnus 1,72 1,26 21,14 1 30,05 30,05
B. barbus 0,41 0,88 13,33 0,92 18,96 49,01
A. aspius 0,33 0,26 7,58 0,57 10,77 59,78
L. cephalus 0,15 0,43 6,21 0,59 8,83 68,61
C. nasus 0,28 0,29 5,43 0,63 7,73 76,34
A. brama 0,19 0,2 4,42 0,51 6,29 82,63
L. idus 0,1 0,14 2,71 0,41 3,85 86,48
P. fluviatilis 0,02 0,16 1,45 0,3 2,06 88,54
A. bjoerkna 0,05 0,15 1,3 0,33 1,84 90,38
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Mesohabitats

Groups SA & GB

Average dissimilarity = 78,97%

Species
A. alburnus

B. barbus

V. vimba

A. brama

L. cephalus

P. fluviatilis

R. rutilus

A. bjoerkna

A. aspius

C. nasus

L. idus

S. erythrophthalmus
G. schraetser

Groups SA & RR

SA
Av.Abund
2,14
0
0,97
0,67
0,92
1
0,86
0,75
0,28
0
0,41
0,28
0,33

Average dissimilarity = 78,73%

Species

A. alburnus
L. cephalus
V. vimba
A. brama
A. aspius
B. barbus
P. fluviatilis
R. rutilus
A. bjoerkna

L. idus

S. erythrophthalmus

Groups GB & RR

SA
Av.Abund
2,14
0,92
0,97
0,67
0,28
0
1
0,86
0,75
0,41
0,28

Average dissimilarity = 73,77%

Species

A. alburnus
B. barbus
A. aspius
C. nasus
A. brama
L. cephalus
L. idus
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GB
Av.Abund
1,27
0,88
0,23
0,51
0,34
0,16
0,2

GB
Av.Abund Av.Diss
1,27 14,1
0,88 7.3
0 6,84
0,34 6,82
0,16 6,8
0 5,59
0,06 5,05
0,07 4,59
0,23 4,54
0,51 3,69
0,2 3,56
0 21
0 1,94
RR
Av.Abund Av.Diss
1,1 15,78
0,26 7,5
0,03 7.3
0,11 6,5
0,5 6,49
0,73 6,27
0,06 6,03
0 5,09
0,02 4,71
0,14 3,27
0 2,22
RR
Av.Abund Av.Diss
1,1 21,26
0,73 15,5
0,5 10,31
0,1 6,64
0,11 5,31
0,26 4,96
0,14 3,65

Diss/SD
0,87
0,84
0,82
0,74
0,92
0,96
0,69
0,65
0,54
0,57
0,58
0,44
0,44

Diss/SD
0,88
0,92
0,83
0,66
0,69

0,7
0,97
0,66
0,64
0,54
0,44

Diss/SD
0,95
0,89
0,61
0,63
0,53
0,47
0,48

Contrib%
17,85
9,24
8,66
8,63
8,61
7,08
6,4
5,81
5,76
4,67
4,51
2,66
2,46

Contrib%
20,05
9,53
9,27
8,25
8,24
7,97
7,66
6,47
5,98
4,15
2,81

Contrib%
28,82
21,01
13,98

9
7,2
6,72
4,95

Cum.%
17,85
27,09
35,75
44,38
52,99
60,07
66,47
72,28
78,03

82,7
87,21
89,87
92,33

Cum.%
20,05
29,58
38,84

47,1
55,34
63,3
70,96
77,43
83,41
87,56
90,38

Cum.%
28,82
49,82

63,8
72,8
80
86,72
91,67



Mesohabitats (continuation)

Groups SA & GR

Average dissimilarity =

Species

A. alburnus
V. vimba
L. cephalus
A. brama
P. fluviatilis
A. aspius
R. rutilus
A. bjoerkna

B. barbus

L. idus

S. erythrophthalmus
G. schraetser

N. melanostomus

Groups GB & GR

Average dissimilarity =

Species

A. alburnus
B. barbus
A. aspius
C. nasus
A. brama
L. idus

L. cephalus
R. pigus

Groups RR & GR

Average dissimilarity =

Species

A. alburnus
B. barbus
A. aspius
L. cephalus
C. nasus
A. brama
L. idus

E. lucius

68,55%
SA
Av.Abund
2,14
0,97
0,92
0,67
1
0,28
0,86
0,75
0
0,41
0,28
0,33
0,38

67,01%
GB
Av.Abund
1,27
0,88
0,23
0,51
0,34
0,2
0,16
0,11

67,61%
RR
Av.Abund
1,1
0,73
0,5
0,26
0,1
0,11
0,14
0

GR

Av.Abund

1,9
0,07
0,19
0,17
0,02
0,37

0
0,02
0,42
0,09

0
0,02
0,04

GR

Av.Abund

1,9
0,42
0,37

0,2
0,17
0,09
0,19
0,04

GR

Av.Abund

1,9
0,42
0,37
0,19

0,2
0,17
0,09
0,08

Av.Diss

9,7
6,86
6,83
6,29
5,65
5,19
4,87
4,47
3,49
3,05
2,1
2,04
1,83

Av.Diss

20,8
12
7,22
6,9
5,44
3,35
3,22
1,77

Av.Diss

23,29
11,92
10,32
5,37
3,7
3,33
2,84
1,21

Diss/SD

0,9
0,86
0,97
0,73
0,98
0,7

0,67
0,64
0,61
0,52
0,44
0,46
0,48

Diss/SD

0,98
0,97
0,64
0,71
0,61
0,42
0,53
0,32

Diss/SD

1,02
0,91
0,75
0,57
0,46
0,47
0,35
0,27

Contrib%

14,16
10,01
9,96
9,18
8,24
7,57
7,11
6,52
5,09
4,45
3,06
2,98
2,66

Contrib%

31,04

17,91

10,78
10,3
8,11

5

4,8
2,64

Contrib%

34,45
17,63
15,27
7,94
5,48
4,93
4,2
1,78

14,16
24,16
34,12
43,3

51,54
59,11
66,22
72,74
77,83
82,28
85,34
88,32
90,98

31,04
48,95
59,72
70,03
78,14
83,14
87,94
90,58

34,45
52,08
67,35
75,29
80,77
85,7
89,9
91,68

Cum.%

Cum.%

Cum.%
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Months

Groups June & July

Average dissimilarity = 65,28%

Speci es
A. alburnus
B. barbus
A. aspius
C. nasus
A. brama
L. cephalus
L. idus

P. fluviatilis

Groups June & August

June
Av.Abund
1,23
0,53
0,25
0,08
0,23
0,11
0,13
0,04

Average dissimilarity = 72,65%

Speci es
A. alburnus
B. barbus
A. aspius
L. cephalus
A. brama
C. nasus

L. idus

R. pigus

Groups July & August

June
Av.Abund
1,23
0,53
0,25
0,11
0,23
0,08
0,13
0,03

Average dissimilarity = 67,7%

Speci es
A. alburnus
B. barbus
A. aspius
C. nasus

L. cephalus
A. brama
L. idus

R. pigus

V. vimba
N. melanostomus
A. bjoerkna

July
Av.Abund
1,79
0,52
0,45
0,28
0,19
0,07
0,12
0
0,04
0,05
0,09

July
Av.Abund
1,79
0,52
0,45
0,28
0,07
0,19
0,12
0,08

August
Av.Abund
1,43
0,82
0,42
0,41
0,33
0,36
0,19
0,12

August
Av.Abund
1,43
0,82
0,42
0,36
0,41
0,33
0,19
0,12
0,15
0,09
0,1

Av.Diss
21,97
11,88

9,63
4,34
3,68
3,58
2,9
1,33

Av.Diss
20,85
13,26

9,18
5,96
5,95
5,15
3,63
2,06

Av.Diss
18,44
11,16

8,71
5,73
5,43
3,93
2,93
1,52
1,34
1,32
1,27

Diss/SD
0,95
0,8
0,66
0,52
0,49
0,48
0,43
0,27

Diss/SD
1
0,89
0,6
0,52
0,61
0,52
0,4
0,32

Diss/SD
0,98
0,91
0,71
0,65

0,6
0,53
0,43

0,3
0,33

0,3
0,33

Contrib%
33,66
18,2
14,75
6,65
5,64
5,49
4,45
2,04

Contrib%
28,7
18,25
12,64
8,2
8,19
71
5
2,83

Contrib%
27,24
16,49
12,86

8,47
8,02
5,81
4,33
2,24
1,98
1,95
1,87

Cum.%
33,66
51,86
66,61
73,26
78,89
84,38
88,83
90,87

Cum.%
28,7
46,95
59,59
67,79
75,98
83,08
88,07
90,9

Cum.%
27,24
43,73
56,59
65,06
73,08

78,9
83,22
85,46
87,44
89,39
91,26
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Tabel B: Results of SIMPER analysis, based on waéiectro fishing abundance data. Displayed ate fis
species, contributing 90% of dissimilarity betwe2mroups. Av.Abund = average abundance; Av.Diss =
average dissimilarity; Diss/SD = ratio of averagesimilarity and corresponding standard deviation;
Contrib% = percental contribution; Cum.% = cumulaticontribution; BDA= Danube reach Bad Deutsch
Altenburg; WITZ= Danube reach Witzelsdorf; HAIN= B#be reach Hainburg; GB = gravel bank; GR=
groin field; RR = rip rap; SA = side arm.

Reaches

Groups BDA & WITZ
Average dissimilarity = 71,37%

BDA WITZ
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,5 0,82 14,39 1,01 20,17 20,17
N. kessleri 0,81 0,79 13,66 0,89 19,14 39,3
A. alburnus 0,26 0,27 7,56 0,61 10,59 49,9
Cyprinidae sp. 0,3 0,15 6,14 0,64 8,61 58,5
A. aspius 0,26 0,18 5,6 0,65 7,85 66,35
L. cephalus 0,26 0,08 4,54 0,63 6,36 72,71
N. gymnotrachelus 0,11 0,08 2,87 0,36 4,02 76,73
C. nasus 0,12 0,07 2,69 0,41 3,77 80,5
P. fluviatilis 0,07 0,1 2,54 0,38 3,55 84,05
P. marmoratus 0,1 0,04 1,67 0,42 2,34 86,39
V. vimba 0,07 0,02 1,57 0,27 2,2 88,59
L. lota 0,03 0,03 1,25 0,34 1,75 90,33

Groups BDA & HAIN
Average dissimilarity = 76,08%

BDA HAIN

Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. kessleri 0,81 0,68 15,14 0,91 19,9 19,9

N. melanostomus 0,5 0,46 12,63 0,86 16,61 36,51
A. alburnus 0,26 0,35 10,1 0,64 13,28 49,79
Cyprinidae sp. 0,3 0,21 6,89 0,63 9,06 58,85
A. aspius 0,26 0,22 6,58 0,65 8,64 67,49
L. cephalus 0,26 0,06 4,46 0,61 5,86 73,35
C. nasus 0,12 0,05 2,6 0,39 3,42 76,77
N. gymnotrachelus 0,11 0,05 2,51 0,32 3,3 80,07
L. lota 0,03 0,1 2,27 0,41 2,99 83,05
P. marmoratus 0,1 0,06 1,99 0,46 2,61 85,66
P. fluviatilis 0,07 0,07 1,87 0,45 2,46 88,13
V. vimba 0,07 0,02 1,73 0,29 2,27 90,4

Groups WITZ & HAIN
Average dissimilarity = 72,12%

WITZ HAIN
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,82 0,46 15,89 1,04 22,04 22,04
N. kessleri 0,79 0,68 15,29 0,95 21,2 43,24
A. alburnus 0,27 0,35 10,63 0,66 14,74 57,98
A. aspius 0,18 0,22 6,05 0,57 8,38 66,36
Cyprinidae sp. 0,15 0,21 5,16 0,52 7,16 73,52
P. fluviatilis 0,1 0,07 2,49 0,38 3,46 76,98
L. cephalus 0,08 0,06 2,49 0,39 3,45 80,43
L. lota 0,03 0,1 2,35 0,41 3,25 83,68
N. gymnotrachelus 0,08 0,05 2,29 0,31 3,18 86,386
C. nasus 0,07 0,05 1,92 0,37 2,66 89,53
R. pigus 0,04 0,07 1,37 0,34 1,9 91,43
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Mesohabitats

Groups SA & RR

Average dissimilarity =

Species

N. melanostomus
N. kessleri

A. alburnus

A. aspius

L. cephalus
Cyprinidae sp.

N. gymnotrachelus
P. marmoratus

P. fluviatilis

R. pigus

L. lota

L. idus

C. nasus

Groups SA & GB

Average dissimilarity =

Species

N. kessleri

A. alburnus

A. aspius

L. cephalus

N. melanostomus
N. gymnotrachelus
P. fluviatilis

P. marmoratus
Cyprinidae sp.

R. pigus

C. nasus

L. idus

Groups RR & GB

Average dissimilarity =

Species

N. kessleri

N. melanostomus
A. alburnus
Cyprinidae sp.

A. aspius

L. lota
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77,2%
SA
Av.Abund
0,37
0,69
0,18
0,4
0,44
0,19
0,33
0,29
0,23
0,26
0
0,19
0,09

88,88%
SA
Av.Abund
0,69
0,18
0,4
0,44
0,37
0,33
0,23
0,29
0,19
0,26
0,09
0,19

78,12%
RR
Av.Abund
0,93
0,81
0,47
0,33
0,17
0,16

Group
Av.Abund
0,81
0,93
0,47
0,17
0,05
0,33
0
0,01
0,02
0
0,16
0,01
0,06

Group
Av.Abund
0,42
0,39
0,08
0,06
0,17
0
0,02
0
0,15
0
0,15
0

Group
Av.Abund
0,42
0,17
0,39
0,15
0,08
0

RR
Av.Diss
11,86
11,02
8,21
6,47
6,17
5,72
4,62
3,562
3,4
3,27
2,43
2,14
1,71

GB
Av.Diss
14,06
10,23
8,97
8,75
7,78
6,89
4,87
4,49
4,44
4,32
3,19
2,6

GB
Av.Diss
20,69
19,43
14,7
7,64
4,27
3,84

Diss/SD
1,1
0,97
0,74
0,77
0,88
0,66
0,6
0,74
0,52
0,62
0,44
0,47
0,5

Diss/SD
0,87
0,62
0,62
0,81
0,71
0,52
0,43
0,71
0,47
0,61
0,44
0,45

Diss/SD
1,16
1,19
0,85
0,66
0,53
0,46

Contrib%
15,36
14,28
10,64

8,39
7,99
7,41
5,99
4,55

4.4
4,23
3,15
2,77
2,22

Contrib%
15,82
11,51

10,1
9,85
8,76
7,76
5,48
5,06
5
4,86
3,59
2,93

Contrib%
26,49
24,87
18,81

9,78
5,46
4,92

Cum.%
15,36
29,63
40,27
48,66
56,65
64,06
70,05

74,6
79
83,24
86,39
89,17
91,38

Cum.%
15,82
27,33
37,42
47,27
56,03
63,79
69,26
74,32
79,32
84,18
87,77

90,7

Cum.%
26,49
51,36
70,17
79,96
85,42
90,34



Mesohabitats (continuation)

Groups SA & GR

Average dissimilarity =

Species

N. melanostomus
N. kessleri

A. aspius

L. cephalus

N. gymnotrachelus
A. alburnus
Cyprinidae sp.

P. fluviatilis

P. marmoratus
R. pigus

L. idus

L. leuciscus

C. nasus

Groups RR & GR

Average dissimilarity =

Species

N. melanostomus
N. kessleri

A. alburnus
Cyprinidae sp.

A. aspius

L. lota

C. nasus

L. cephalus

P. fluviatilis

Groups GB & GR

Average dissimilarity =

Species

N. kessleri

N. melanostomus
A. alburnus
Cyprinidae sp.

A. aspius

C. nasus

L. cephalus

V. vimba

78,14%
SA
Av.Abund
0,37
0,69
0,4
0,44
0,33
0,18
0,19
0,23
0,29
0,26
0,19
0,14
0,09

57,87%
RR
Av.Abund
0,81
0,93
0,47
0,33
0,17
0,16
0,06
0,05
0,02

82,56%
GB

Av.Abund
0,42
0,17
0,39
0,15
0,08
0,15
0,06
0,02

Group
Av.Abund
0,81
0,89
0,23
0,06
0,03
0,21
0,22
0,06
0,02
0
0,03
0,01
0,05

Group
Av.Abund
0,81
0,89
0,21
0,22
0,23
0,06
0,05
0,06
0,06

Group
Av.Abund
0,89
0,81
0,21
0,22
0,23
0,05
0,06
0,05

GR
Av.Diss
12,86
12,02
7,25
6,62
5,24
4,94
4,82
3,91
3,71
3,41
2,4
1,75
1,75

GR
Av.Diss
12,81
11,18
9,5
7,03
4,82
3,43
1,68
1,52
1,18

GR
Av.Diss
21,72
21,42
11,85
6,54
5,72
3,4
2,26
1,76

Diss/SD

1,02
0,96
0,77
0,85
0,59
0,52
0,55
0,54
0,74
0,62
0,49
0,42
0,45

Diss/SD

1,05
0,92
0,82
0,72
0,71
0,55
0,42
0,39
0,37

Diss/SD

11
1,08
0,72
0,51
0,56
0,41
0,36
0,22

Contrib%

16,46
15,39
9,28
8,47
6,7
6,32
6,17
5
4,75
4,36
3,07
2,24
2,24

Contrib%

22,14
19,31
16,41
12,16
8,33
5,92
2,9
2,62
2,03

Contrib%

26,31
25,94
14,36
7,92
6,93
4,12
2,74
2,13

16,46
31,85
41,13
49,6
56,31
62,63
68,8
73,8
78,54
82,91
85,98
88,22
90,46

22,14
41,46
57,87
70,02
78,36
84,28
87,18
89,8
91,84

26,31
52,25
66,61
74,52
81,45
85,57
88,31
90,44

Cum.%

Cum.%

Cum.%
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Months

Groups June & July
Average dissimilarity = 74,68%

June July
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. kessleri 0,84 0,69 13,25 0,95 17,75 17,75
A. alburnus 0,17 0,59 12,05 0,72 16,13 33,88
N. melanostomus 0,52 0,43 10,87 0,93 14,56 48,43
Cyprinidae sp. 0,41 0,25 7,98 0,76 10,68 59,11
A. aspius 0,23 0,36 7,42 0,71 9,94 69,05
L. cephalus 0,12 0,21 4,14 0,59 5,54 74,59
C. nasus 0,1 0,12 3,22 0,45 4,32 78,91
P. fluviatilis 0,1 0,1 2,67 0,45 3,57 82,48
L. idus 0,08 0,06 1,68 0,39 2,24 84,73
R. pigus 0,05 0,08 1,67 0,38 2,24 86,97
V. vimba 0,03 0,06 1,61 0,25 2,16 89,13
P. marmoratus 0,09 0,04 15 0,42 2,01 91,14

Groups June & August
Average dissimilarity = 72,32%

June August
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,52 0,83 17,15 1 23,71 23,71
N. kessleri 0,84 0,76 16,89 0,89 23,36 47,07
Cyprinidae sp. 0,41 0 6,89 0,58 9,53 56,61
A. alburnus 0,17 0,12 5,37 0,47 7,43 64,04
A. aspius 0,23 0,07 4,54 0,52 6,28 70,32
N. gymnotrachelus 0,03 0,16 3,59 0,37 4,97 75,29
L. cephalus 0,12 0,08 2,97 0,45 4.1 79,39
L. lota 0,05 0,09 25 0,42 3,46 82,84
P. fluviatilis 0,1 0,04 2,29 0,34 3,17 86,01
P. marmoratus 0,09 0,08 2,08 0,49 2,88 88,89
C. nasus 0,1 0,02 1,78 0,31 2,47 91,36
Groups July & August
Average dissimilarity = 75,26%

July August
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,43 0,83 14,51 1,08 19,29 19,29
N. kessleri 0,69 0,76 13,44 1 17,86 37,14
A. alburnus 0,59 0,12 12,8 0,74 17 54,14
A. aspius 0,36 0,07 6,97 0,64 9,26 63,41
L. cephalus 0,21 0,08 43 0,58 571 69,12
Cyprinidae sp. 0,25 0 4,09 0,52 5,44 74,56
N. gymnotrachelus 0,04 0,16 3,11 0,42 4,13 78,69
C. nasus 0,12 0,02 2,39 0,39 3,18 81,87
L. lota 0,02 0,09 2,05 04 2,72 84,59
P. fluviatilis 0,1 0,04 1,97 0,4 2,62 87,21
V. vimba 0,06 0,03 1,8 0,27 2,39 89,6
R. pigus 0,08 0,03 1,43 0,33 1,89 91,49
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Tabel C: Results of SIMPER analysis, based on lmegfishing abundance data. Displayed are fisktigge
contributing 90% of dissimilarity between 2 grougs/..Abund = average abundance; Av.Diss = average
dissimilarity; Diss/SD = ratio of average dissimiig and corresponding standard deviation; Contrib%
percental contribution; Cum.% = cumulative conttibon; BDA= Danube reach Bad Deutsch Altenburg;
WITZ= Danube reach Witzelsdorf; HAIN= Danube re&tdinburg; GB = gravel bank; GR= groin field; PO
= pool; SA = side arm.

Reaches

Groups BDA & WITZ
Average dissimilarity = 75,89%

BDA WITZ

Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,86 0,96 16 1,01 21,08 21,08
N. kessleri 0,44 0,32 8,18 0,86 10,78 31,86
B. barbus 0,26 0,24 8,01 0,67 10,55 42,42
A. brama 0,28 0,23 6,76 0,72 8,9 51,32
A. bjoerkna 0,35 0,17 6,44 0,73 8,49 59,8

N. gymnotrachelus 0,12 0,25 4,88 0,58 6,43 66,24
V. vimba 0,22 0,06 4,48 0,49 5,9 72,14
A. ballerus 0,21 0 3,562 0,44 4,64 76,79
Z. zingel 0 0,2 3,3 0,49 4,35 81,14
P. fluviatilis 0,13 0,13 2,84 0,55 3,74 84,88
G. schraetser 0,12 0,07 2,56 0,45 3,37 88,25
Z. streber 0,06 0,09 2,46 0,36 3,24 91,49

Groups BDA & HAIN
Average dissimilarity = 78,17%

BDA HAIN

Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,86 0,87 12,39 0,98 15,85 15,85
N. kessleri 0,44 0,49 7,45 0,94 9,53 25,39
A. bjoerkna 0,35 0,38 6,16 0,88 7,88 33,26
G. albipinnatus 0,08 0,29 531 0,57 6,79 40,05
B. barbus 0,26 0,14 513 0,62 6,56 46,61
A. brama 0,28 0,26 512 0,71 6,55 53,17
N. gymnotrachelus 0,12 0,33 4,58 0,65 5,86 59,03
A. ballerus 0,21 0,21 4,38 0,62 5,6 64,62
Z. streber 0,06 0,23 3,81 0,53 4,87 69,5

V. vimba 0,22 0,13 3,66 0,55 4,68 74,18
S. glanis 0 0,25 3,59 0,54 4,6 78,77
P. fluviatilis 0,13 0,18 2,77 0,61 3,54 82,31
A. sapa 0,06 0,13 2,69 0,43 3,44 85,75
G. schraetser 0,12 0,06 2,03 0,44 2,6 88,34
S. volgensis 0 0,15 1,75 0,38 2,23 90,58

Groups WITZ & HAIN
Average dissimilarity = 77,92%

WITZ HAIN
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,96 0,87 12,95 1 16,62 16,62
N. kessleri 0,32 0,49 7,59 0,92 9,74 26,36
N. gymnotrachelus 0,25 0,33 6,1 0,72 7,83 34,19
A. bjoerkna 0,17 0,38 5,94 0,75 7,62 41,81
B. barbus 0,24 0,14 5,77 0,57 7,41 49,22
G. albipinnatus 0 0,29 515 0,53 6,61 55,83
A. brama 0,23 0,26 4,96 0,66 6,36 62,19
Z. streber 0,09 0,23 4,13 0,54 53 67,49
S. glanis 0 0,25 3,92 0,54 5,03 72,52
Z. zingel 0,2 0,06 3,34 0,54 4,28 76,81
P. fluviatilis 0,13 0,18 3,04 0,62 3,91 80,71
V. vimba 0,06 0,13 2,71 0,43 3,48 84,19
A. ballerus 0 0,21 2,55 0,47 3,28 87,47
A. sapa 0 0,13 2,34 0,36 3 90,47
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Mesohabitats

Groups GR & PO
Average dissimilarity = 71,99%

GR PO
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 1,31 0,94 15,43 1,01 21,43 21,43
N. kessleri 0,51 0,22 8,47 0,91 11,77 33,2
A. bjoerkna 0,46 0 6,7 0,76 9,3 42,5
A. brama 0,32 0,1 6,32 0,65 8,77 51,27
B. barbus 0,12 0,19 5,54 0,56 7,7 58,97
N. gymnotrachelus 0,13 0,09 3,87 0,45 5,37 64,34
G. schraetser 0,21 0 3,36 0,52 4,67 69,01
S. glanis 0 0,19 3,16 0,48 4,38 73,39
P. fluviatilis 0,2 0 2,7 0,53 3,75 77,15
A. sapa 0,05 0,1 2,53 0,4 3,52 80,66
Z. zingel 0,05 0,1 2,43 0,4 3,38 84,04
Z. streber 0,12 0 2,26 0,34 3,13 87,18
G. albipinnatus 0,07 0 1,66 0,24 2,3 89,48
S. volgensis 0,13 0 1,66 0,35 2,3 91,78

Groups GR & SA
Average dissimilarity = 69,49%

GR SA
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 1,31 0,9 10,06 1,01 14,47 14,47
N. gymnotrachelus 0,13 0,9 8,87 1,39 12,77 27,24
A. ballerus 0 0,69 8,21 1,07 11,81 39,05
A. bjoerkna 0,46 0,68 7,74 1,09 11,13 50,18
N. kessleri 0,51 0,66 71 1,03 10,22 60,41
A. brama 0,32 0,47 6,51 0,88 9,36 69,77
P. fluviatilis 0,2 0,39 4,4 0,86 6,33 76,1
G. schraetser 0,21 0 2,37 0,5 3,41 79,51
S. glanis 0 0,24 2,19 0,57 3,16 82,67
Z. streber 0,12 0 1,52 0,33 2,19 84,86
B. barbus 0,12 0 1,39 0,32 2 86,86
S. volgensis 0,13 0 1,23 0,34 1,77 88,63
G. baloni 0 0,15 1,22 0,37 1,76 90,39

Groups PO & SA
Average dissimilarity = 79,36%

PO SA
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,94 0,9 12,76 1,08 16,07 16,07
N. gymnotrachelus 0,09 0,9 10,73 1,43 13,52 29,6
A. bjoerkna 0 0,68 10,27 1,11 12,94 42 54
A. ballerus 0,1 0,69 10,23 1,01 12,89 55,43
N. kessleri 0,22 0,66 7,97 1,05 10,05 65,48
A. brama 0,1 0,47 6,64 0,76 8,37 73,84
S. glanis 0,19 0,24 4.4 0,67 5,54 79,38
P. fluviatilis 0 0,39 4,32 0,75 5,45 84,83
B. barbus 0,19 0 3,81 0,44 4.8 89,63
A. sapa 0,1 0 1,56 0,31 1,97 91,6
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Mesohabitats (continuation)

Groups GR & GB

Average dissimilarity =

Species

. melanostomus
. barbus

. kessleri

. albipinnatus
vimba

. bjoerkna

. streber

brama

. schraetser

. zingel

. fluviatilis

. gymnotrachelus

ZINQOP>PN>PL<QOZ®Z

Groups PO & GB

Average dissimilarity =

Species

N. melanostomus
B. barbus
V. vimba
G. albipinnatus
N. kessleri
Z. streber
Z. zingel
S. glanis
A. sapa
L. idus
A. brama

Groups SA & GB

Average dissimilarity =

Species

. melanostomus
. gymnotrachelus
. ballerus

. bjoerkna

. barbus

. kessleri

. albipinnatus
vimba

brama

. streber

. fluviatilis

. glanis

. zingel

NOINPLS<QZTWPP>PZZ

91,63%
GR
Av.Abund
1,31
0,12
0,51
0,07
0,12
0,46
0,12
0,32
0,21
0,05
0,2
0,13

91,6%
PO
Av.Abund
0,94
0,19
0
0
0,22
0
0,1
0,19
0,1
0
0,1

96,45%
SA
Av.Abund
0,9
0,9
0,69
0,68
0
0,66
0
0
0,47
0
0,39
0,24
0

GB
Av.Abund
0
0,61
0,25
0,48
0,46
0
0,37
0,11
0
0,21
0
0

GB
Av.Abund
0
0,61
0,46
0,48
0,25
0,37
0,21
0
0,11
0,1
0,11

GB
Av.Abund

Av.Diss
20,85
9,94
8,07
7,53
7,32
6,17
6,04
5,7
3,08
3,04
25
2,29

Av.Diss
19,68
13,5
9,56
9,36
7,16
6,65
4,47
3,86
3,42
2,73
2,65

Av.Diss
10,91
10,24

9,59
9,39
8,73
7,62
6,23
6,17
6,07
4,54
4,04
2,43
2,2

Diss/SD
1,57
0,93
0,89
0,78
0,81
0,75
0,73
0,64
0,51
0,55
0,52
0,32

Diss/SD
1,04
0,94
0,75
0,76
0,67
0,67
0,58
0,47
0,44
0,34
0,47

Diss/SD
1,35
1,5
1,01
1,09
0,86
1
0,73
0,73
0,75
0,64
0,74
0,56
0,5

Contrib%
22,75
10,85

8,81
8,21
7,99
6,73
6,59
6,22
3,36
3,32
2,73
2,5

Contrib%
21,48
14,73
10,43
10,22

7,81
7,26
4,88
4,22
3,73
2,98
2,89

Contrib%
11,31
10,62

9,94
9,74
9,06
7,9
6,46
6,4
6,29
4,71
4,19
2,52
2,28

Cum.%

22,75
33,6
42,41
50,62
58,62
65,34
71,93
78,15
81,51
84,82
87,55
90,06

Cum.%

21,48
36,22
46,65
56,87
64,68
71,95
76,83
81,05
84,78
87,76
90,65

Cum.%

11,31
21,93
31,87
41,61
50,66
58,56
65,03
71,43
77,72
82,42
86,61
89,13

91,4
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Months

Groups Juni & Juli
Average dissimilarity = 77,57%

Juni Juli

Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,81 0,97 14,11 1,02 18,19 18,19
N. kessleri 0,06 0,57 7,98 0,98 10,29 28,48
A. bjoerkna 0,19 0,43 7,11 0,82 9,16 37,64
A. brama 0,29 0,29 6,61 0,77 8,53 46,17
B. barbus 0,24 0,17 6,54 0,63 8,43 54,6

N. gymnotrachelus 0,14 0,25 4.8 0,64 6,19 60,79
Z. streber 0,13 0,21 4,56 0,59 5,88 66,68
G. albipinnatus 0,16 0,13 4,49 0,49 5,79 72,46
Z. zingel 0 0,22 3,73 0,53 4.8 77,27
A. ballerus 0,14 0,11 3,66 0,5 4,72 81,99
S. glanis 0,12 0,11 2,99 0,49 3,85 85,84
G. schraetser 0,06 0,11 2,4 0,44 3,09 88,93
V. vimba 0 0,18 2,16 0,45 2,78 91,72

Groups Juni & August
Average dissimilarity = 81,83%

Juni August

Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,81 0,89 15,39 0,95 18,81 18,81
N. kessleri 0,06 0,63 9,31 0,93 11,38 30,19
B. barbus 0,24 0,24 7,35 0,63 8,98 39,17
A. brama 0,29 0,17 5,89 0,65 7,2 46,37
N. gymnotrachelus 0,14 0,3 5,37 0,59 6,56 52,93
V. vimba 0 0,24 5,25 0,5 6,41 59,35
A. bjoerkna 0,19 0,27 4,99 0,67 6,1 65,44
P. fluviatilis 0 0,37 43 0,77 5,26 70,7

G. albipinnatus 0,16 0,07 3,76 0,43 4.6 75,3

A. ballerus 0,14 0,19 3,55 0,5 4,33 79,63
A. sapa 0,06 0,15 3,39 0,46 414 83,77
Z. streber 0,13 0 2,46 0,36 3 86,78
S. volgensis 0 0,18 2,2 0,42 2,69 89,46
S. glanis 0,12 0 1,88 0,34 2,3 91,76

Groups Juli & August
Average dissimilarity = 75,34%

Juli August
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
N. melanostomus 0,97 0,89 12,03 1 15,96 15,96
N. kessleri 0,57 0,63 8,54 1,01 11,34 27,3
A. bjoerkna 0,43 0,27 6,27 0,81 8,32 35,62
N. gymnotrachelus 0,25 0,3 5,33 0,69 7,08 42,7
B. barbus 0,17 0,24 52 0,6 6,91 49,61
V. vimba 0,18 0,24 5,04 0,61 6,69 56,3
P. fluviatilis 0,11 0,37 4.2 0,81 5,58 61,88
A. brama 0,29 0,17 4,08 0,66 5,42 67,3
Z. zingel 0,22 0 3,17 0,5 421 71,5
A. ballerus 0,11 0,19 3,04 0,52 4,03 75,54
G. albipinnatus 0,13 0,07 2,57 0,39 3,41 78,95
Z. streber 0,21 0 2,55 0,44 3,39 82,34
A. sapa 0 0,15 2,19 0,39 2,9 85,25
G. schraetser 0,11 0,07 2,08 0,44 2,76 88
S. volgensis 0 0,18 1,87 0,42 2,48 90,48
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