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1 Introduction

Caddisflies (Trichoptera) inhabit freshwater halsitan every continent except Antarctica (de
MOOR & IVANOV 2008). More than 14000 species (DIJK®A et al. 2014) and 49 families
(HOLZENTHAL et al. 2007) are identified worldwidén central Europe (Germany, Austria,
Switzerland) around 400 species and 21 familiesererded (WARINGER & GRAF 2011).
Caddisflies are holometabolic insects, which siptim their sister taxon Lepidoptera in the
late Permian (WIGGINS 2004, MALM et al. 2013). Traptera and Lepidoptera share their
spinning ability, wing morphology and the fact tifi@tnales are heterogametic. While butter-
flies have scales on their wings, the Trichopteosthy have fine hairs (MALICKY 1977).

Like most running water insects, caddisfly speaiespecially adapted for inhabiting distinct
sections within a river continuum (HILDREW & EDIN®IN 1979, ALSTAD 1987 a,
TACHET et al. 1992, ROUX et al. 1992, GUINAND et 4894, STATZNER & DOLEDEC
2011, CILIAK et al. 2014). A sequence of macroirgbrate species assemblages from head-
waters to potamal stream sections can often bedf@luhIES 1961). According to the River
Continuum Concept (RCC), factors like temperatalissolved oxygen concentration, flow
velocity, POM size/concentration, epilithic algabgth and saprobity change continuously
from upstream to downstream (VANNOTE et al. 198®) implicate different adaptations of
caddisfly species depending on the section thegtin{GOMBEER et al. 2011, STATZNER
& DOLEDEC 2011). Species of middle reaches oftapldy broad ecological tolerances and
thereforea widespread occurrence along rivers (SAVIC eR@l3). Headwaters are special
habitats with unique physical conditions, oftenahited by highly specialized macroinverte-
brate communities (STATZNER & DOLEDEC 2011).

Among caddisfly larvae the main feeding groupssarapers, shredders, grazers, passive filter
feeders and predators (GRAF et al. 20@)mmon for all Trichoptera are biting or scraping
mandibles (MALICKY 1977).

Hydropsychidae belong to the suborder of Annulialfphey are retreat-building caddisflies,
which construct filtering nets (passive filter fees). They undergo 5 larval stages before pu-
pation. The species-specific length of a compldedycle varies between 0.5 years and 2
years (PETERSEN 1981). In central Europe Hydrogsgehspecies inhabit running water
habitats from krenal to mesopotamal (CILIAK et2014, GRAF et al. 2002, GOMBEER et

al. 2011). The larvagraze their filtration net periodically to feed iinccaptured organic parti-
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cles and discard indigestible particles like sedin{EAISER 1965). Hydropsychidae are om-
nivore (HELLMANN et al. 2013) and feed on organgrficles captured in the net. Diet spe-
cialization exists according to species, instaasea and net location (PETERSEN 1981). If
sufficiently available, the preferred diet of magecies is of animal origin, e.g. small insect
larvae (BENKE & WALLACE 1997).The capture net has to be understood to a largaext
as predation device (ALSTAD 1987 b). The gut cont&#n2nd and 3rd instarsf H. contu-
bernalis andH. pellucidula consist almost exclusively of animal material. 3daspecies per-
form a shift to omnivorous feeding during the 4tistar (SIEGLSTETTER et al. 1997). For
other Hydropsyche species the opposite, a shift from a plant-basednt animal-based diet
during the larval period, has been observed (PEHMRE81). The larvae are not completely
dependent on the filtering net for feeding. They eapable of grazing sedimentary surfaces
and prey on other insect larvae (WIGGINS 2004).impmwinter their net spinning activity
decreases and instead they feed more frequentydayng (PHILIPSON 1969). Fauna Aquat-
ica Austriaca (FAA) classifies the Austrian speadéddydropsychidae as 50% passive filter
feeders, 30% predator and 20% grazer (GRAF eDaRkR

A new retreat is built after each larval moult, matluding disturbances that force the larva to
leave its retreat (WILLIAMS & HYNES 1973). Captureets are constructed more often
(KAISER 1965), since the nets get clogged by sedimer are destroyed by the current. The
construction of a capture net can be complate&diminutes (SATTLER 1958).

Hydropsychidae filter large amounts of POM (GEOR®SI& WALLACE 1981). Thereby
they contribute to retention and nutrient spiralfMJNSHALL et al. 1983) of the seston par-
ticles. Dense populations are capable of filtedfg of the seston that passes them in the wa-
ter column (McCULLOUGH & MINSHALL 1979). The use skdiment and organic material
for retreat construction increases the erosiorsta@aste of the benthic sediment (JOHNSON et
al. 2009, CARDINALE et al. 2004).

Spinning activity is associated with building rett® and for installing and repairing the cap-
ture nets (KAISER 1965). The net consists of twmispheres which converge in the transi-
tional zone, the symmetric center of the net (F@gr). The meshes of the capture nets are
rectangular. At the periphery of the net the meésh imcreases and the meshes are not precise-
ly rectangular (KAISER 1965, GEORGIAN & WALLACE 1328 During net construction the
larva constantly performs figure eight-shaped loafik its head while releasing a silk strand

(PETERSEN 1981). Stones are mostly chosen as ttefreane and as component of the re-
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treat (Figure 1). It is between two stones thatléinea is capable of spinning a silk frame for
the net (SATTLER 1958). The retreat consists mawflgmall glued stones or plant material
(Figure 1). The net surface is angled to the ctindrich is a compromise as this both reduces
the shear stress and also preserves sufficieatifigf. Sensillae located at the head perceive
direction and strength of the current (KAISER 1965)

Among the filter feeding Annulipalpia, the Hydropkydae are categorized as “high-speed fil-
trators” (WARINGER & GRAF 2011). Compared to themiéies of Polycentropodidae and

Philopotamidae the Hydropsychidae prefer to indtadir retreats and nets in habitats with
high current velocitie$EDINGTON 1968). TACHET et al. (1992) document greinces of
up to 0.8 m's for H. pellucidula.

Figure 1: Retreat of Hydropsyche sp. with capture net.

The mesh size of the capture nets is species-ratdrispecific (KAISER 1965). Different
species of Hydropsychidae produce meshes of signifiy different sizes (WALLACE &

MALAS 1976). Mouthpart morphology is the limitingadtor for mesh length and -width
(KAISER 1965). The distances between the two maxillpalps, and between silk gland
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opening and submentum, are the defining factordeiogth and width of the meshes (KAI-

SER 1965). These distances increase with larvammsand hence the mesh sizes.

The construction of species-specific capture ressumed to be a consequence of niche di-
versification within the longitudinal zonation ofri@er system (ALSTAD 1987 a, HILDREW

& EDINGTON 1979). The mesh size can be understodoetan adaptation to the conditions
of a river section (LOUDON & ALSTAD 1990). Accordinto the river continuum concept
(RCC), flow velocity and POM size decrease fromtrgasn to downstream (VANNOTE et
al. 1980). Both of these parameters are discussatfecting species composition of river sec-
tions via specific mesh sizes (EDINGTON 1968, WALCE 1975, GORDON & WALLACE
1975, WALLACE & MERRITT 1980, ALSTAD 1987 a). Headwers with riparian forests
have high flow velocities and large POM sizes, fabte forHydropsyche species with large
mesh sizes. Shear stress at high flow velocitiegdsiced when the meshes are larger, and
capture rates are still sufficient because of lg@icle size.

Downstream the shear stress for the nets is sm&lterensuring high capture rates when
POM size decreases, the capture net mesh sizdgdobpsyche species that inhabit down-

stream habitats are assumed to be smaller.

The coexistence dflydropsyche species with significantly different mesh sizeghivi one
river section points out that species are notttraplit along the river continuum according
to their mesh size (HILDREW & EDINGTON 1979, TACHEEX al. 1987). Moreover one
species has five larval stages with different mgigles that co-occur at each river section
(MUOTKA 1990). The case of co-existing capture raifferent in mesh sizes suggests that
flow conditions of benthic microhabitats play aksoole in the habitat selection and competi-
tion of species and instars within one river sec(WALAS & WALLACE 1977, ALSTAD
1982, OSBORNE & HERRICKS 1987, MUOTKA 1990, LOUDO& ALSTAD 1990,
VOELZ & WARD 1996). The species-specific mesh siaes understood to be a consequence
of niche segregation in evolutionary competition $pace and food in benthic microhabitats
(THORP 1984). A heterogenous streambed providimgde spectrum of benthic microhabi-
tats enables the co-existence of species and snsitr different mesh sizes. Within the mi-
crohabitats, flow velocity and POM size/concentmatiare assumed to be key parameters
(LOUDON & ALSTAD 1990), since flow velocity in suctmicrohabitats is not a function of

the river continuum (ALSTAD 1982). In headwatersrthare microhabitats under stones with



reduced flow velocities while high velocities exist stone surfaces in riffle regions of down-
stream reaches.

A broad range of capture net mesh sizes are foomah@ specimens of the same species and
instar (WILLIAMS & HYNES 1973), which presents tigeiestion of whether or not they are
able to individually adapt their mesh length andlttvto current microhabitat flow conditions
(ALSTAD 1982). The fact that the meshes at thepgbeny of Hydropsyche capture nets are
always larger than those in the middle suggeststoha small extent individual adaptation of
mesh sizes is possible (KAISER 1965). When flowdithions in the microhabitat change,
building a new net with different mesh sizes is @renefficient approach in terms of energy
saving, than seeking new microhabitats for a neweaée

The aim of my study was on the one hand to comiper@resent Hydropsychidae species in-
ventory of the Grol3e Tulln catchment with the ditwain 1982 (SCHEIBLREITER 1982).
The other major goal was to test the hypothesasterf- and intraspecific mesh size decrease

along the river continuum as consequence of daag&OM size and decreasing flow veloc-

ity.

2 Study area

2.1 Geology, Geography and Topography of the Grol3e  Tulln catch-
ment

The catchment of the Grof3e Tulln (Figure 2) is fedain the Wienerwald and the Tullner
Feld in Lower Austria, west of Vienna and southttod Danube river. The total area of the
catchment is 202.3 Kn{SCHEIBLREITER 1982). The springs of the GroRe fiate located

in the Wienerwald, the eastern branch of the Al® springs with the highest elevation (618
m a.s.l.) are located at Klammhohe, near the S¢l{p8 m a.s.l.), the highest peak of the
Wienerwald. Three main tributaries within the Wiemald are the Laabenbach and the Leng-
bach, joining at AuR3erfurth, and the Anzbach, whjoims the Laabenbach at the city of
Neulengbach. From Neulengbach on, the river isedallGro3e Tulln”. The section of the
stream system within the steep areas of the Wialdreonsists of high gradient, 1-2 m wide
brooks. In the central section the profile levdfsamd stream widths increase to 5m. The city

of Neulengbach is located at the border betweetemerwald and Tullnerfeld, where the
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Grol3e Tulln transforms into a low-gradient stregata10 m width and with low current ve-
locities. After 40 km of stream length, the streaystem discharges into the Danube at the
city of Tulln, at an elevation about 430 m loweauthts spring areas.

Whereas the upper catchment of the Grol3e Tullnistsnmainly of deciduous forests, the
lower catchment (Tullnerfeld, deforested lower areithe Wienerwald) is highly affected by
agriculture. With respect to geology, the uppecluatent is situated in the sandstone area of
the Wienerwald (Flysch), whereas the lower catchingetocated in the Molasse. The sand-
stone area consists mainly of various marine saasn@me marl, lime sandstone, clay marl)
from Cretaceous to Lower Tertiary (BOGEL & SCHMIOB76). Lime is an abundant com-
ponent of the minerals of Flysch, but never donmgatvhen compared to the limestone sec-
tion of the Wienerwald in the south. The Molasséhef Tullner Feld consists of tertiary de-
posits, originating from erosions of the Alps (DEIEGRO 1977). Molasse is mainly a sedi-
ment transported from the alpine regions by fluyiadcesses. Due to these fluvial transport
and sedimentation dynamics, the geology of the B&slas very diverse, consisting mainly of
conglomerate, gravel, sandstone, marl limestonecémdmarl (DEL-NEGRO 1977). As in

Flysch, limestone is always a component of themsedts but never dominant.

2.2 Sampling sites

2.2.1 Overview

Six sampling sites were selected in the catchnfagufe 2), which are part of a much larger
series of sites studied by SCHEIBLREITER (1982)isT$election enabled a comparison of
the status quo situation of the Hydropsychidae daahthe GrofRe Tulln with the situation
back in 1982.

Two sampling sites (Klamm and Prinzbach) were ked¢atiose to springs in the Wienerwald
area. The sampling site at Laaben was locatedlghimivnstream of the village, where slope
levels off, and the character of the river slowignsforms from steep to low gradient. The
sampling site at Altlengbach is situated at thereésection of the stream system, and located
in the Lengbach within an urbanized area. From dhmmpling site at Neulengbach down-
stream, the river enters the Tullner Feld, charesetd by the transition of the river from its
central to its lower reach. The sampling site atdemrohr represents the lower reach of the

Grol3e Tulln, close to its discharge into the Danaiake city of Tulln.
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2.2.2 Sampling site Klamm

The sampling site Klamm (Figure 3) is located witkihe upper reaches of the Laabenbach.
The distance to the spring at Klammhohe is 2.3 koh the brook is enclosed in a small ra-
vine. With its low discharge (0.03%) and Strahler number (2) it represents a typigghg
brook of the Wienerwald area. Inclination is uptb %o, the steepest among the six sampling

sites.

Table 1: Geographical and physical data of the Klamm sampling site

General parameters

Elevation 535 ma.s.l.

Spring distance 1.8 km

Geographical position 48° 47 06.295" N, 15° 51389 E
Strahler stream order 2

Mean discharge 0.03 mis?

Slope 47 %o

Chemical Index (Cl) 65

Site insolation 30 %

Figure 3: Sampling site Klamm; line of sight: southvest.
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Stream width at base discharge is 1 — 2 m, witlblesbbraking up the water surface.
Due to the dense deciduous forest of the ripar@rezlarge parts (up to 70%) of the water

surface are constantly shaded during the grow seaso

Table 2: Distribution of choriotopes after BRAUKMAN N (1987) at the Klamm sampling site.

Choriotope Area percentage

Macrolithal 30 %

Mesolithal 30 %

Akal 25%
Macropelal

10 %

Xylal 5%

Large stones (macrolithal, mesolithal) dominate $kdiment surface of this sampling site,
with gravel in between and along the banks (aKadle area percentage of coarse particulate
organic matter (detritus, branches and leaves)gis &t this site when compared with other

sampling sites. The mineral substrate elementalarest completely uncovered, free of auto-

trophic biofilms and epilithic algae (Table 2).
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Figure 4: Valency point distribution of longitudinal stream zonation categories (GRAF et al. 2002) fdhe
Hydropsyche species of the Klamm sampling site.
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Figure 5: Distribution of saprobic valencies (GRAFet al. 2002) for theHydropsyche species of th
Klamm sampling site.

According to the distribution of valency points fongitudinal stream zonation and saprobity
of Hydropsychidae (GRAF et al. 2002), the samplsigg at Klamm is categorized as

epirhitral (Figure 4), and oligosaprobi@-mesosaprobic (Figure 5).
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Table 3: Limnochemical parameters at the Klamm samling site; showing the mean (and range) of two
measurements taken at 1 June 2014 and 12 August 201

Cl Parameters

ph 8.2 (8.1 -8.3)
Conductivity (uS cril) 318 (310 — 326)
Water temperature (°C) 12.9 (-)
PO (mg I 0.025 (0 — 0.05)
NOs (mg ™) 0

NH," (mg ") 0.015 (0 — 0.03)
0, (%) 94 (89 — 99)
BSBs 8.8 (7.7-9.9)

The long time water temperature data over the sampkason are not available for this site,
because the data logger was lost in the field; kewehe temperature is assumed to be slight-
ly lower as at the Prinzbach sampling site, whechlso a spring brook, but at lower altitude.

Table 3 summarizes the limnochemical dataset, wkichied as a basis for the calculation of

the chemical index.

2.2.3 Sampling site Prinzbach

Prinzbach is a spring brook discharging into thedbach between the villages Altlengbach
and Steinh&usl. The spring distance of the sampiteg(Figure 6) is 2.7 km. The geophysical
stream parameters (Table 4) are similar to Klampartafrom the lower elevation (335 m

a.s.l.).
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Table 4: Geographical and physical data of the Prinbach sampling site

General parameters

Elevation 335 ma.s.l.

Spring distance 2.7 km

Geographical position 48° 8 48.494” N, 15° 56254 E
Strahler stream order 2

Mean discharge 0.04 nis?

Slope 40 %o

Chemical Index (CI) 69

Site insolation 30 %

Figure 6: Sampling site Prinzbach; line of sight: orth

Stream width at base discharge is 2.5 m. The @pdnrest and average site insolation (30%)
resemble sampling site Klamm. With a slope of 4@ inclination is less steep compared to

Klamm.
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Table 5: Distribution of choriotopes after BRAUKMAN N (1987) at the Prinzbach sampling site.

Choriotope Area percentage
Macrolithal 20 %
Mesolithal 30 %
Akal 10 %
Psammal 20 %
Macropelal

15%
Xylal 5%

Mesolithal is dominating the sediments of the strieed, with large cobbles (macrolithal) and
sand aggregations (psammal) in between (Table &rg€ organic matter (macropelal and
xylal) represent 20 % of the sediment surface.itBl algal biofilms or higher plants were

lacking.
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Figure 7: Valency point distribution of longitudinal stream zonation categories (GRAF et al. 200Zor
the Hydropsyche species of the Prinzbach sampling site.
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Figure 8: Distribution of saprobic valencies (GRAFet al. 2002) for theHydropsyche species of the Prinz-
bach sampling site.
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According to the distribution of valency points fongitudinal stream zonation and saprobity
of Hydropsychidae (GRAF et al. 2002), the samplaiig at Prinzbach is categorized as
epirhitral (Figure 7), and oligosaprobic (Figure Bdth classifications are in accordance with

sampling site Klamm.

25

April May June July August

Figure 9: Long-time water temperature data from April to August 2014 at the Prinzbach sampling site.
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The minimum water temperature during the sampliegool from April to August was 6.1 °C
in April, whereas the maximum was 18.9 °C in JiigQre 9). The mean water temperature
during the sampling season was 13.9°C.

Table 6 summarizes the limnochemical dataset, wkichied as a basis for the calculation of

the chemical index.

Table 6: Limnochemical parameters at the Prinzbaclsampling site; showing the mean (and range) of two
measurements taken at 1 June 2014 and 12 August 201

Cl| Parameters

ph 8.2 (8.1 -8.3)
Conductivity (uS cril) 375 (-)
Water temperature (°C) 13.2 (-)
PO,” (mg I) 0()

NOs (mg ) 0()

NH," (mg ") 0.025 (0 — 0.05)
0, (%) 77 (70 — 84)
BSBs 7.1(7.1-7.1)

2.2.4 Sampling site Altlengbach

This sampling site is located in the village of I&tigbach, within a straight section of the
Lengbach tributary, with cobbles at the bank (Fegl@). The spring distance is 5.2 km. In this
section the river transforms from a spring brook tmiddle reach stream. Stream width is 4 m

and the mean discharge is 0.1sh

17



Table 7: Geographical and physical data of the Aldngbach sampling site

General parameters

Elevation 283 mas.l.

Spring distance 5.2 km

Geographical position 48° 9" 10.655" N, 15°5577@Z" E
Strahler stream order 4

Mean discharge 0.16 nis?

Slope 9.5 %o

Chemical Index (CI) 64

Site insolation 50 %

Figure 10: Sampling site Altlengbach; line of sightwest

The inclination of 9.5 %o is considerably lower caangd to the spring brook sampling sites
Klamm and Prinzbach. The mean site insolation ¥ 5fecause a riparian forest is located at

the hydrological left side of the stream.
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Table 8: Distribution of choriotopes after BRAUKMAN N (1987) at the Altlengbach sampling site.

Choriotope Area percentage
Macrolithal 30 %
Mesolithal 30 %

Akal 5%
Psammal 5%
Macropelal 5%
Micropelal 5%
Lithophytal 20 %

As a consequence of heterogeneity loss due togkteaiing, little sediment accumulation
zones and pool-riffle sequences are present inteebed. The flow velocity is constant over
a long distance, causing homogenous sediment Sataglg 8). Macro- and mesolithal domi-
nate the sediments, with little mud, detritus cadlgood. Stones are partially covered by epi-
lithic algae (20 %).
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Figure 11: Valency point distribution of longitudinal stream zonation categories (GRAF et al. 200Zor

the Hydropsyche species of the Altlengbach sampling site.
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Figure 12: Distribution of saprobic valencies (GRAFet al. 2002) for theHydropsyche species of the Altleng-
bach sampling site.

According to the distribution of valency points fongitudinal stream zonation and saprobity
of Hydropsychidae (GRAF et al. 2002), the samplitg at Altlengbach is categorized as
epirhitral - mesorhitral (Figure 11), and oligosalyc - B-mesosaprobic (Figure 12).
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Figure 13: Long-time water temperature data from Agril to August 2014 at the Altlengbach sampling site
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The minimum water temperature during the sampiimg from April to August was 6.5 °C in
April, whereas the maximum was 21.8 °C in July (feg13). The mean water temperature
during the sampling season was 14.3°C.

Table 9 summarizes the limnochemical dataset, wkgchied as a basis for the calculation of

the chemical index.

Table 9: Limnochemical parameters at the Altlengbak sampling site; showing the mean (and range) of
two measurements taken at 1 June 2014 and 12 Auguxi14.

Cl| Parameters

ph 8.3 (8.3-8.3)
Conductivity (uS cn) 581 (-)
Water temperature (°C) 14.3 (-)
PO, (mg ") 0()

NO; (mg ') 2.5(0-5)
NH," (mg I') 0.015 (0 — 0.03)
0, (%) 86 (76 — 96)
BSBs 7.9 (7.4 - 8.4)

2.2.5 Sampling site Laaben

Sampling site Laaben (Figure 14) is located 1 kmrtkdream of the village of Laaben, where
the Laabenbach is in transition from spring bramkniddle-reach stream. The spring distance
is 7.8 km. The character of the stream resemblaplgag site Altlengbach, apart from steeper

inclination (22 %0) and a more heterogenous stread b
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Table 10: Geographical and physical data of the La@en sampling site

General parameters

Elevation 344 mas.l.

Spring distance 7.8 km

Geographical position 48° 6" 42.251" N, 15° 52198 E
Strahler stream order 5

Mean discharge 0.21 nis?

Slope 22 %o

Chemical Index (CI) 65

Site insolation 10 %

Figure 14: Sampling site Laaben; line of sight: nah

The mean discharge is 0.2Fgh and the stream width 5 m. A dense riparian foregtices
site insolation to 10%. The streambed morphologyiverse and characterized by riffle-pool

sequences and accretion zones at the banks.
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Table 11: Distribution of choriotopes after BRAUKMANN (1987) at the Laaben sampling site.

Choriotope Area percentage
Macrolithal 10 %
Mesolithal 35%

Akal 20 %
Psammal 10 %
Macropelal 10 %
Micropelal 5%

Xylal 5%
Lithophytal 5%

Sediments from sand to cobbles are present intteansbed with mesolithal dominating (Ta-
ble 11). At the banks mud (micropelal), coarseitletimacropelal) and deadwood (xylal) is

deposited. Cobbles are covered by epilithic al§®phythal) to a small extent.
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Figure 15: Valency point distribution of longitudinal stream zonation categories (GRAF et al. 2002) ifo
the Hydropsyche species of the Laaben sampling site.

23



75 r

50

%

25 -

X o] B a p

Figure 16: Distribution of saprobic valencies (GRAFet al. 2002) for theHydropsyche species of th
Laaben sampling site.

According to the distribution of valency points fongitudinal stream zonation and saprobity
of Hydropsychidae (GRAF et al. 2002), the samp#éiitg at Laaben is categorized as epirhitral
- mesorhitral (Figure 15), and oligosaprobzmesosaprobic (Figure 16).
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Figure 17: Long-time water temperature data from Agril to August 2014 at the Laaben sampling site.
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The minimum water temperature during the sampiimg from April to August was 4.9 °C in
April, whereas the maximum was 22.6 °C in July (fgg17). The mean water temperature
during the sampling season was 14.1°C.

Table 12 summarizes the limnochemical dataset,iwégtved as a basis for the calculation of

the chemical index.

Table 12: Limnochemical parameters at the Laaben sapling site; showing the mean (and range) of two
measurements taken at 1 June 2014 and 12 August 201

Cl Parameters

ph 8.3(8.3-18.3)
Conductivity (uS cr) 330 (-)
Water temperature (°C) 13.5(-)

PO (mg M) 0.025 (0 — 0.05)
NOs (mg ™) 25(0-5)
NH," (mg I') 0.04 (0.03 — 0.05)
0, (%) 85 (78 — 92)
BSB; 7.9(7.7-8.1)

2.2.6 Sampling site Neulengbach

This sampling site (Figure 18) is located 1 km dsingam of the city Neulengbach. From
Neulengbach on the Grol3e Tulln enters the Tulledd Bnd has low reach character, meaning
less inclination (3.9 %), less canopy closure Ipaman forests (80 % site insolation) and
higher discharge (0.27%).
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Table 13: Geographical and physical data of the Néengbach sampling site

General parameters

Elevation

Spring distance
Geographical position
Strahler stream order
Mean discharge
Slope

Chemical Index (CI)

Site insolation

217 ma.s.l
19.2 km
48° 12" 16.218" N, 15° 54331 E
5
0.27 nis?!
3.9 %o
65

80 %

Figure 18: Sampling site Neulengbach; line of sightorth

The width of the stream is 6 m at Neulengbach aedspring distance is 19.2 km. The Grol3e

Tulln was straightened at Neulengbach, causingdgdeeity loss of the streambed and con-

stant riffle conditions with high flow velocities.
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Table 14: Distribution of choriotopes after BRAUKMANN (1987) at the Neulengbach sampling site.

Choriotope Area percentage
Macrolithal 15%
Mesolithal 40 %

Akal 5%
Psammal 5 %
Micropelal 5%
Lithophytal 30 %

The sediments at Neulengbach are homogenous (Tdplelominated by mesolithal (40%)

and macrolithal (15%). Epilithic algae (lithophytheover parts of the sediments (30 %).
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Figure 19: Valency point distribution of longitudinal stream zonation categories (GRAF et al. 2002
for the Hydropsyche species of the Neulengbach sampling site.
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Figure 20: Distribution of saprobic valencies (GRAFet al. 2002) for theHydropsyche specie:
of the Neulengbach sampling site.

According to the distribution of valency points fongitudinal stream zonation and saprobity
of Hydropsychidae (GRAF et al. 2002), the sampkitg at Neulengbach is categorized as
hyporhitral - epipotamal (Figure 19), apdnesosaprobic (Figure 20).
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Figure 21: Long-time water temperature data from Agil to August 2014 at the Neulengbach sampling
site.

28



The minimum water temperature during the sampiimg from April to August was 6.4 °C in
April, whereas the maximum was 25.8 °C in July (frgg21). Mean water temperature during
the sampling season was 16.5°C.

Table 15 summarizes the limnochemical dataset,iwégcved as a basis for the calculation of
the chemical index.

Table 15: Limnochemical parameters at the Neulenghs sampling site; showing the mean (and range) of
two measurements taken at 1 June 2014 and 12 Auguixi14.

Cl Parameters

ph 8.1(8.0-8.2)
Conductivity (uS cril) 592 (-)
Water temperature (°C) 15.4 (-)
PO (mg I 0.025 (0 — 0.05)
NOs (mg ™) 4(3-5)
NH," (mg ") 0.05 (0 —0.1)
0, (%) 80 (74 - 86)
BSBs 7.4 (7.2-17.6)

2.2.7 Sampling site Langenrohr

This sampling site (Figure 22) is a former horssspge across the river, located in the Tull-
ner Feld 1 km upstream of the village of Langenial35.1 km spring distance. It represents
the low reach potamal character of the river. Tiolination of 0.9 %o is the least steep among
the six sampling sites in the catchment. The waltthe river is 10 m, and the site insolation
is 100 %. The Grof3e Tulln is heavily modified byrdaon both banks.
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Table 16: Geographical and physical data of the Lagenrohr sampling site

General parameters

Elevation 177 mas.l.

Spring distance 35.1 km

Geographical position 48° 18" 19.565" N, 16° 080%6" " E
Strahler stream order 5

Mean discharge 0.35 m's?

Slope 0.9 %o

Chemical Index (CI) 64

Site insolation 100 %

Figure 22: Sampling site Langenrohr; line of sight:north

The sampling site is a riffle, banked up with glayes a consequence the flow velocity in the
shallow water is atypically fast for this river the potamal section. The mean discharge is

0.35 nis?, the highest among the sampling sites.
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Table 17: Distribution of choriotopes after BRAUKMANN (1987) at the Langenrohr sampling site. The
area percentage of Lithophytal is treated separatg!

Choriotope Area percentage
Macrolithal 20 %
Mesolithal 60 %
Psammal 10 %
Micropelal 10 %
Lithophytal 95 %

Gravel of up to 10 cm size (mesolithal) is the duating sediments, with cobbles (macro-
lithal) in between (Table 17). At the banks mudeagiment (micropelal) is deposited. All

stones are densely covered by epilithic algaeofhittythal). This sediment arrangement is true
for the riffle sampling site at the horse passagénot for the up- and downstream sections of

the site. Here small stones, sand, and organicareigredominant.
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Figure 23: Valency point distribution of longitudinal ssream zonation categories (GRAF et a
2002) for theHydropsyche species of the Langenrohr sampling site.
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Figure 24: Distribution of saprobic valencies (GRAFet al. 2002) for theHydropsyche species o
the Langenrohr sampling site.

%

According to the distribution of valency points fongitudinal stream zonation and saprobity
of Hydropsychidae (GRAF et al. 2002), the samplsitg at Langenrohr is categorized as

epipotamal (Figure 23), arfdmesosaprobic e-mesosaprobic (Figure 24).
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Figure 25: Long-time water temperature datafrom April to August 2014 at the Langenrohr samplirg
site.
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The minimum water temperature during the sampiimg from April to August was 7.3 °C in
April, whereas the maximum was 26.7 °C in July (frFgg25). Mean water temperature during
the sampling season was 18.1°C. Table 18 summaittieedimnochemical dataset, which

served as a basis for the calculation of the chalrmdex.

Table 18: Limnochemical parameters at the Langenrohsampling site; showing the mean (and range) of
two measurements taken at 1 June 2014 and 12 Augu14.

Cl Parameters

ph 8.0 (7.8 -8.2)
Conductivity (uS cr) 658 (-)
Water temperature (°C) 16.7 (-)
PO (mg M) 0.045 (0 — 0.09)
NOs (mg ™) 7.5 (5-10)
NH," (mg I') 0.05 (0 —0.1)
0, (%) 65 (56 — 74)
BSB; 6.0 (5.6 — 6.4)

3 Material and Methods

3.1 Field work

Six sampling sites (Figure 2) covering spring dists from 2.1 to 35 km were selected. From
10 March 2014 to 31 August 2014 the sampling sitese visited frequently (5 visits per
sampling site) to conduct the analyses. Only 4th5th instars of Hydropsychidae were sam-
pled for identification to species level using kay of WARINGER & GRAF (2011).
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3.1.1 Catch per unit effort (CPUE) capture net samp ling

CPUE sampling was performed at each sampling sitd3 minutes. 4th and 5th instar Hy-

dropsychidae larvae were located and sampled imgjuitheir retreats and nets. The retreat
was sampled because in many cases the capturealesely associated with the retreat when
removed from the water. The depth of the captutdal®w water surface was measured with
a ruler. Before removing the retreats, the flonoeél directly at the level of the net location

was measured with a propeller meter (Ott C2; ptepeiameter = 30 mm). Then the retreat
(mostly attached to a large stone) with associattdand larva was removed with tweezers
and preserved in 70% ethanol. This procedure atloweassociate each net with its larva and

ambient depth and flow velocity.

3.1.2 CPUE species inventory sampling

In order to obtain information on species inver@srat the sampling sites, Hydropsychidae
larvae were sampled by CPUE: during 30 minutesakai4th and 5th instars) were sampled
and preserved in 70% ethanol. Thus it was possibtgiantitatively compare the species in-
ventories of the sampling sites, and to comparmthéth the inventories of 1982, analyzed
by SCHEIBLREITER (1982).

3.1.3 Choriotopes, chemical index (Cl), physical pa rameters

The canopy closure was assessed at each samptengydastimating the percentage shading
at the water surface. The composition of the stbehrsediments was characterised once for
each sampling site by estimating the percentageilison of the choriotopes (BRAUK-
MANN 1987).

The eight parameters used for the Chemical Indéxw€re measured twice during the sam-
pling period at each sampling site, €aturation, N&', NOs, and PQ® concentrations, pH
and electrical conductivity were measured on $tteé.and electrical conductivity were meas-
ured with a WTW pH 330 pH meter and a WTW LF 33@dwctivity meter, and ©satura-
tion, NH,*, NOs” and PQ* concentrations with Merck Aquaquant limnoanalytipatkages.
Biological Oxygen Demand (BOD-5) was measured afteubating river water in a closed
sampling tube for five days at 20°C in the darkn@&&n oxygen concentration was measured
with the same methods as fog €aturation on site. The oxygen demand after 5 dagscro-

bial respiration represents the BOD-5.
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Water temperature was monitored continuously dutivegsampling season using Hobo data
loggers. The data loggers were attatched undent@sgones and secured to trunks or a roots
with a string. After the sampling season the daggérs were removed and read in the labora-
tory. The site-specific mean water temperatureupnout the sampling season was used as CI

parameter.

3.2 ldentification and biometry

After each CPUE sampling, larvae were identifiedpecies level using the identification key
of WARINGER & GRAF (2011). Maximal head capsule tiicand body length (Figure 26)
were measured using the length measurement appficaf Stereo Lumar V12 binocular
software (ZEN 2011, Zeiss). Instars were split dame maximum head capsule widths.
Retreats with adherent nets were placed in a &setriin 70% ethanol using tweezers. Under a
binocular microscope the nets were detached framdtreats by using dissecting needles and
a lancet. Following this procedure, the net stmectdoes not disrupt and the net could be
tranfered to a microscope slide in a drop ethan@¥). After this process the net was unfold-
ed below the binocular microscope by using disegatieedles. The flattened net on the slide
(Figure 27) was covered by a cover glass in om&eep its shape.

Average mesh length and -width for each net werasmned using the binocular Stereo Lumar
V12 software (ZEN 2011, Zeiss) length measuremepti@ation. The transitional zone be-
tween the two net hemispheres was used as refelieecd he initial point for the measure-
ment was given by the centrer mesh of each hemispReom this mesh on, the width of sev-
en meshes was measured (Figure 27). The fourth mvashthen used as initial point for
measuring the length of those seven meshes ataigjiés to the previous measurement. Data
were used to calculate arithmetic means of megithesnd width for each net. Finally 4th and

5th instar larvae obtained from the CPUE samplingse identified to species level.
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Figure 27: Capture net ofHydropsyche sp. Measurement of mesh length and width.
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3.3 Statistical analysis

Species-specific frequency histograms of head dapgidths of 4th and 5th instars were cre-
ated with STATGRAPHICS CENTURION XVL.1I software.

Regression analyses for head capsule widths vemslengths, head capsule widths versus
mesh areas, mesh areas versus flow velocitiest é\ed andH. saxonica instar versus head
capsule widths were performed using R statistiSTBDIO TEAM, 2012).

Species-specific differences in mesh area for Ath%th instars were tested using a Kruskal-
Walllis post-hoc Nemenyi test (POHLERT 2014).

Congruence curves for Hydropsychidae species lligion in the catchment, phenology of
Hydropsychidae species, site-specific mesh areasmuture nets, and site-specific flow ve-
locities were plotted using R statistics (RSTUDIBAM, 2012).

4 Results

4.1 Species inventory

During the whole sampling season from March to Aidt014 a total of 950 specimens of
Hydropsychidae Hydropsyche sp. and Cheumatopsyche sp.) were sampled at six sampling
sites in the catchment of the Grol3e Tulln and ifledtto species level. Eight species of Hy-
dropsychidae were detected in the catchment. TEblsummarizes the species inventories
(4th and 5th instars) of the six sampling sitesl, @ampares them to the species inventory de-
tected by SCHEIBLREITER (1982M). pellucidula andH. incognita were pooled, because it
is not possible to securely separate them morpieathg Hydropsychidaediversity was
highest at the midstream sampling sites Altlengbaeaben, and Neulengbach. Upstream
(Klamm and Prinzbach) and downstream (Langenrdierdiversity decreased (Tablel9).

The upstream sites Klamm and Prinzbach were stradiminated by eitheH. instabilis
(Klamm) orH. saxonica (Prinzbach), whereas near the mouth at Langeriobulbifera was
most abundant. The middle reaches (AltlengbachLaathen) were dominated bl instabils
and H. saxonica, with five other sympatric Hydropsychidae specidsulengbach, the most
downstream site of the central section of the catsit, was dominated Wy. bulbifera, to-

gether with six more rare Hydropsychidae species.
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Table 19: Hydropsyche species sampled at six sampling sites within the catchment of the GroBe Tulln. Data
are based on CPUE samplings over 45 minutes each, from 13 March 2014 to 30 August 2014 ; showing the
number (and percentage) of individuals from the present study (numbers left of slash) and from
SCHEIBLREITER 1982 (8-39 kick samplings per site; numbers right of slash). The chemical index (Cl) is shown

for each sampling site. Species are ranked according to their longitudinal distribution from upstream to

downstream.

Species Sampling site

(Ch)
Klamm  Prinzbach Altlengbach Laaben Neulengbach Langenrohr
(65) (69) (64) (65) (65) (64)
H . fulvipes 8 (8)/
8 (4)/- 3 (2)/- - - -
(CURTIS 1834) 1(0)
H. instabilis 70(65) 5 (3)/ 43(25)  53(40)  6(3)

(CURTIS 1834) 685 (66) 25 (32) 673 (74) 2384 (96) 45 (1) -

H. saxonica 29 (27)/ 169 (93)/  85(49)/ 55 (42)/

20 (10)/- -
MCLACHAN 1884 351 (34) 53 (68) 166 (18) 62 (3)

H. pellucidula (CURTIS 11 (7)/
1834)incognita - - 20 (15)/- 39 (20)/- 1 (2)/-

69 (8)

(PITSCH 1993
H. siltalai 25 (13)/

R - - 19 (11)/- 1 (2)/- -19 (1)
DOHLER 1963 16 (0)
i 6 (3)/ /32 (1) 24 (12)
(PICTET 1834) 93 (2)
H. angustipennis 11y 2 (1) 29 (20)/
(CURTIS 1834) 4 (0) 423 (19)
H. bulbifera 6 (3 2 (1 83 (41)/ 117 (79)/
McLACHLAN 1878 1(0) 4691 (97) 1728 (80)

When comparing the samples from 2014 with the gseniventory of SCHEIBLREITER
(1982), H. fulvipes, H. saxonica and H. pellucidula/incognita have moved further down-

stream, whereas the reverse is trueHailtalai, C. lepida, H. angustipennis andH. bulbifera
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(Table 19). A total of 325 specimens (ultimate gedultimate instars) were measured (head

capsule width, body length) and used for filtenmgg analyses (Table 20).

Table 20: Hydropsyche species used for filtering net analyses, sampled at six sampling sites within the catch-
ment of the GroBe Tulln. Data are based on CPUE samplings over 45 minutes each, from 13 March 2014 to 30
August 2014; showing the number of 4th/5th instar larvae. The chemical index (Cl) is shown for each

sampling site. Species are ranked according to their longitudinal distribution from upstream to downstream.

Species Sampling site
(Ch)
Klamm  Prinzbach Altlengbach Laaben Neulengbach Langenrohr
(65) (69) (64) (65) (65) (64)
H . fulvipes
(CURTIS 1834) 3/- 11 3/- - - -
H. instabilis
1/25 -13 -/15 1/23 -14 -

(CURTIS 1834)

H. saxonica
McLACHAN 1884

3/3 31/38 8/31 716 -13 -

H. pellucidula (CURTIS
1834)/incognita - - 213 1/4 3/11 -
(PITSCH 199)

H. siltalai
.. - - 3/3 - 4/5 -

DOHLER 1963
C. lepida
(PICTET 1834) - - -2 - -/5 -
H. angustipennis

gusiip - - - - -/1 1/7
(CURTIS 1834)
H. bulbifera

- - 2/1 1/1 9/14 15/17

McLACHLAN 1878

The chemical index (CI) of all sampling sites isvieen 64 and 69 (Tables 19, 20), which is
indicative of water quality Il.

In the catchment of the Grofl3e Tulln three rivetises with different species associations of
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Hydropsychidae could be distinguished. Congruencees split the species inventory into an

upstream, midstream and downstream associatioar@=28).
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Figure 28: Congruence curves of Hydropsychidae species at six sampling sites in the GroBe Tulln catchment;
showing the species number at each sampling site, which are colour-coded. Data are based on CPUE sam-
plings over 45 minutes each from 10 March 2014 to 31 August 2014.

The sampling sites Prinzbach and Klamm belong eoutbstream section, whekk instabilis
andH. saxonica are dominant. The midstream association is cheniaetd by 7 sympatriely-
dropsyche species, wherel. saxonica, H. instabilis or H. bulbifera are most abundant. This
species set was recorded at sampling sites Altesigliaaben, and Neulengbach. The down-
stream association, witH. bulbifera, andH. angustipennis as dominating species, was rec-

orded at Langenrohr (Figure 28).
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4.2 Biometry

The relationship between body length and maximuadleapsule width of all specimens (4th

and 5th instars) is well described by a linearesgion (Figure 29).
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Figure 29: Regression of larval length (mm) versus maximum head capsule width (mm) of Hydropsyche spe-
cies of the GroBe Tulln catchment; species and instars are indicated by colored symbols. Data are based on
CPUE samplings over 45 minute each from 10 March 2014 to 31 August 2014.

Minimum length of penultimate instars were obseruedH. bulbifera (mean head capsule

width = 1.16 mm) and maximum lengthkh fulvipes (mean head capsule width = 1.53 mm).
Minimum length of ultimate instars were observedCinepida (mean head capsule width =

0.96 mm) and maximum length h saxonica (mean head capsule width = 1.64 mm).

Table 21 summarizes median and range of maximurd b&asule widths of 4th and 5th in-
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stars of the eightlydropsyche species of the Grol3e Tulln catchmentClrepida only 5th in-
star larvae were sampled. Based on median headleapsithH. fulvipes (penultimate instar
= 1.53 mm, ultimate instar = 1.76 mm) is the latdégdropsyche species in the study area,

wherea<C. lepida (ultimate instar = 0.96 mm) is the smallest one.

Table 21: Maximum head capsule widths of 4th and 5th instars of Hydropsyche species of the Grof3e Tulln
catchment; showing the median and the range. Data are based on CPUE samplings over 45 minutes each,
from 10 March 2014 to 31 August 2014. Species are ranked according to their longitudinal distribution from

upstream to downstream.

Species Head capsule width (median and range; mm)
4th instar 5th instar
H . fulvipes
(CURTIS 1834) 1.53 (1.05 - 1.67) 1.76 (-)
H. instabilis
(CURTIS 1834) 0.95 (0.93 — 0.96) 1.46 (1.23-1.71)
H. saxonica
1.14 (0.85 — 1.37) 1.64 (1.41 — 1.96)
McLACHAN 1884
H. pellucidula (CURTIS 1834)
. _ 1.21 (1.02 — 1.43) 1.52 (1.44 — 1.93)
/incognita (PITSCH 1993)
H. siltalai
DOHLER 1963 1.36 (1.29 — 1.41) 1.49 (1.43 — 1.58)

C. lepida

(PICTET 1834) - 0.96 (0.91 — 1.05)

H. angustipennis

1.09 (-) 1.53 (1.29 — 1.65)
(CURTIS 1834)

H. bulbifera

1.16 (0.81 — 1.19) 1.26 (1.20 — 1.40)
MCLACHLAN 1878

Frequency distributions of species-specific heguksole widths are shown in Figures 30-37.
In the most abundant species of the catchntérgaxonica, 4th and 5th instars were well de-
fined in the histogram (Figure 32); this split wass obvious in species where only few pe-

nultimate instars were collected.
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Figure 30: Size-frequency histogram of maximum head capsule widths of H. fulvipes. Ultimate and penulti-

mate instars are indicated by roman numerals. Data are based on CPUE samplings over 45 minutes each,

from 21 May 2014 to 09 July 2014.
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Figure 31: Size-frequency histogram of maximum head capsule widths of H. instabilis. Ultimate and penulti-

mate instars are indicated by roman numerals. Data are based on CPUE samplings over 45 minutes each,

from 21 March 2014 to 14 August 2014.
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Figure 32: Size-frequency histogram of maximum head capsule widths of H. saxonica. Ultimate and penulti-
mate instars are indicated by roman numerals. Data are based on CPUE samplings over 45 minutes each,
from 13 March 2014 to 31 August 2014.
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Figure 33: Size-frequency histogram of maximum head capsule widths of H. pellucidula/incognita. Ultimate
and penultimate instars are indicated by roman numerals. Data are based on CPUE samplings over 45
minutes each, from 10 March 2014 to 7 August 2014.
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Figure 34: Size-frequency histogram of maximum head capsule widths of H. siltalai. Ultimate and penulti-
mate instars are indicated by roman numerals. Data are based on CPUE samplings over 45 minutes each,
from 14 May 2014 to 19 June 2014.
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Figure 35: Size-frequency histogram of maximum head capsule widths of C. lepida. Ultimate and penultimate
instars are indicated by roman numerals. Data are based on CPUE samplings over 45 minutes each, from 14
May 2014 to 19 June 2014.
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Figure 36: Size-frequency histogram of maximum head capsule widths of H. angustipennis. Ultimate and pe-
nultimate instars are indicated by roman numerals. Data are based on CPUE samplings over 45 minutes each,

from 10 March 2014 to 19 August 2014.
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Figure 37: Size-frequency histogram of maximum head capsule widths of H. bulbifera. Ultimate and penulti-
mate instars are indicated by roman numerals. Data are based on CPUE samplings over 45 minutes each,

from 13 March 2014 to 19 August 2014.

When the instar number bf. saxonica, the most abundant species of the catchment, lo&s p

ted against head capsule width, a linear regredsienwas obtained on a semi-logarithmic
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scale (Dyar’s rule). Therefore the relationshipMeein head capsule width (mm) and instar
number was exponential, and head capsule widthy®wfger instars could be extrapolated,

using the semilog regression equation (Figure 38).
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Figure 38: Regression of instar versus head capsule width (log mm) of H. saxonica of the GroRe Tulln catch-
ment. Data (4th and 5th instars) are based on CPUE samplings over 45 minutes each from 10 March 2014 to
31 August 2014. Full circles = measured; open circles = extrapolated data for the younger instars.

4.3 Phenology

The relative frequencies of penultimate and ultemastars of the Hydropsychidae species of
the Grol3e Tulln catchment, based on monthly sampkesshown in Figure 39. All species

are univoltine.
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Fourth and fifth instars larvae éf. saxonica, H. pellucidula/incognita, H. angustipennis and

H. bulbifera were already recorded in March, the remaining iggeoot before May. In
H.saxonica andH .bulbifera larvae were sampled during the whole samplingaseéa April,
only two samplings took place at the sites Altleagiband Prinzbachi. instabilis, H. fulvi-
pes, H. siltalai and C. lepida (4th and 5th instars) were sampled only during shenmer
months between May and July. angustipennis andH. pellucidula/incognita were collected
at the beginning, the middle and the end of thepdiagh season, and lacked in the April, June
and July samples. Flight periods start betweenl|Apki angustipennis) and July M. instabi-
lis).
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Figure 39: Phenology of Hydropsyche species in the GroBe Tulln catchment; showing the percentage of ulti-
mate and penultimate instars for each month. Data are based on CPUE samplings over 45 minutes each,
from 10 March 2014 to 31 August 2014. The flight periods (WARINGER & GRAF 2011) are indicated by black

bars.
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4.4 Biometry of the capture net meshes

In four Hydropsychidae specied.(instabilis, H. saxonica, H. angustipennis, H. bulbifera) of

the GrofRe Tulln catchment the relationship betweaasimum head capsule width (mm) and
mesh area (mfh of the filtering nets could be significantly deibed by a linear regression
(Figure 40). Larval moultings from the penultimé&dethe ultimate instar created significantly

larger species-specific mesh areas.
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Figure 40: Regressions of maximum head capsule width (mm) versus mesh area (mmz) of Hydropsyche spe-
cies of the GroRe Tulln catchment; species and instars are indicated by colored symbols; significant regres-
sions are shown by colored lines. Data are based on CPUE samplings over 45 minutes each from 10 March
2014 to 31 August 2014. Regression parameters: H. instabilis (4th and 5th instars): y = -0.031 + 0.061x; R® =
0.07; p < 0.05 *; H. saxonica (4th and 5th instars): y = -0.009 + 0.034x; R” = 0.14; p < 0.001 ***; H. angustipen-
nis (4th and 5th instars): y = -0.149 + 0.132x; R’ = 0.64; p < 0.05 *; H. bulbifera (4th and 5th instars): y = -0.109
+0.140x; R* = 0.10; p < 0.05 *

50



Mesh areas ranged from 0.005 fm(H. angustipennis) in fourth instar larvae to 0.074 mim
(H. pellucidula/incognita) in fifth instar larvae (Table 22).
Table 22: Mesh area of filtering nets of Hydropsyche species of the GroRe Tulln catchment. Data are based on

CPUE samplings over 45 minutes each, from 10 March 2014 to 31 August 2014; showing the means, standard

deviations, ranges, and numbers of capture nets measured (n) of ultimate and penultimate instars.

Species/Instars Mesh area (mnf)

Mean=+ SD (mnf) Range (mr) n

H.fulvipes 4 0.056+ 0.031 0.026 — 0.103 7

5 0.048+ 0.000 - 1

H.instabilis 4 0.018+ 0.001 0.017 — 0.019 2
5 0.060+ 0.024 0.021 -0.106 70

H.saxonica 4 0.026+ 0.012 0.010 - 0.077 49
5 0.050+ 0.026 0.009 - 0.167 81

H.siltalai 4 0.051+ 0.015 0.032 - 0.077 7
5 0.052+ 0.009 0.037 — 0.063 8

H.pellucidula/incognita 4 0.065= 0.034 0.024 - 0.103 6
5 0.074+ 0.029 0.039-0.138 18

C.lepida 5 0.007+ 0.003 0.004 - 0.014 7

H.angustipennis 4 0.005=+ 0.000 - 1

5 0.047x 0.027 0.012 - 0.082 8
H.bulbifera 4 0.045+ 0.040 0.004 —0.158 27

5 0.067+ 0.043 0.021 - 0.163 33

In penultimate instars, the mesh are&logaxonica (0.026 + 0.012 mA) was significantly (p
< 0.05) smaller than in all other species exd¢dépbulbifera andH. instabilis (Table 23). The
largest meshes were observedHimellucidula/incognita, H. siltalai andH. instabilis (0.051 -
0.065 mni; Table 22). In ultimate instars the smallest meshere detected i€ .lepida
(0.007 + 0.003 mA). They are significantly (p < 0.05) smaller thareil other species except
H. angustipennis (Table 24). The largest meshes were presem.ipellucidula/incognita
(0.074 + 0.029 mf) andH. bulbifera (0.067 + 0.043; Table 22).
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Table 23: Tests for significant differences of mesh areas in 4th instar Hydropsyche species of the GroRe Tulln

catchment; showing the probability values of post hoc Nemenyi - tests following the Tukey-method (n.s: not

significant; * p < 0.05; ** p < 0.01).

H.fulvipes H.instabilis H.saxonica H.siltalai H.pel/inc H.bulbifera
H.fulvipes - 0.178 n.s 0.039 * 1.000 n.s 1.000 n.s 0.826 n.s
H.instabilis - 0.941 n.s 0.113n.s 0.928 n.s 0.485n.s
H.saxonica - 0.014 * 0.020 * 0.095 n.s
H.sltalai 1.000 n.s 0.646 n.s
H.pel/inc - 0.640 n.s
H.bulbifera

Table 24: Tests for significant differences of mesh areas in 5th instar Hydropsyche species of the GroRe Tulln

catchment; showing the probability values of post hoc Nemenyi - tests following the Tukey-method (n.s: not

significant; * p < 0.05; ** p < 0.01).

H.instabilis  H.saxonica H.siltalai H.pel/inc C.lepida H.angust. H.bulbifera

H.instabilis - 0.262n.s 0.999 n.s 8.2e-5** 0.949 n.s0.999 n.s
H.saxonica - 0.997 n.s 0.015* 0.005 ** 1.000n.s 0.797 n.s

H.siltalai 0.821n.s 0.019 * 0.999 n.s 1.000 n.s
H.pel /inc 3.4e-6* 0.369ns 0.505n.s

C.lepida - 0.103 ns 0.001 **
H.angust. = 0.988 n.s
H.bulbifera
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There was no correlation between spring distancgaofpling stations and capture net mesh
size (Figures 41, 42).
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Figure 41: Mesh area of capture nets of 4th instaHydropsyche speciesof the GroRe Tulln catchment. Data
are based on CPUE samplings over 45 minutes each, from 10 March 2014 to 31 August 2014; showing the
arithmetic means and standard deviations of all measured velocities at each sampling site. The sampling

sites are ranked according to their spring distance (km).
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Figure 42: Mesh area of capture nets of 5th instaHydropsyche speciesof the GroRe Tulln catchment. Data
are based on CPUE samplings over 45 minutes each, from 10 March 2014 to 31 August 2014; showing the
arithmetic means and standard deviations of all measured velocities at each sampling site. The sampling

sites are ranked according to their spring distance (km).

4.5 Flow velocities at capture net level

Mean flow velocities measured at the center oéffitty nets ranged from 14 crit genulti-
mate instaH. angustipennis) to 38 cm g(ultimate instarH. angustipennis). The mean flow
velocity for penultimate and ultimate instars dfather species was within that range.
Generally an increase in velocity at filtering hetel was observed from fourth to fifth in-

stars; however the reverse was truélimellucidula/incognita.
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Table 25 summarizes mean, standard deviation argkraf the measured flow velocities at
net level of ultimate and penultimate instars fbiHgdropsychidae species of the Grol3e Tulln
catchment.

Table 25: Flow velocities at the level of filtering nets of Hydropsyche species of the GroBe Tulln catchment.
Data are based on CPUE samplings over 45 minutes each, from 10 March 2014 to 31 August 2014; showing

the arithmetic means, standard deviations, ranges, and numbers of measured velocities (n) of ultimate and

penultimate instars.

Species/Instars Flow velocity (cm %)

Mean=+ SD (cm &) Range (cm) n

H.fulvipes 4 26+ 12 16 - 50 7

5 30+ 0 - 1

H.instabilis 4 20+ 10 13-27 2
5 29+ 15 5-82 70

H.saxonica 4 26+ 12 7—-46 49
5 31+ 12 12 -77 81

H.siltalai 4 21+ 8 7-30 7
5 26+ 14 5-45 8

H.pellucidula/incognita 4 33+ 10 17 - 42 6
5 25+ 9 9-42 18

C.lepida 5 31+ 6 25-44 7

H.angustipennis 4 14+ 0 - 1

5 38+ 10 25-47 8
H.bulbifera 4 28+ 12 12 -51 27
5 33+ 11 11 -67 33

When plotting spring distance versus means ofsggific filtering net velocities, no signifi-
cant differences could be detected in penultimaigu¢e 43) and ultimate instars (Figure 44).
Mean site-specific velocities at filtering net lévanged from 23-32 cmi*sin fourth and from

27-34 cm & in fifth instarHydropsyche larvae.
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Figure 43: Flow velocity (cm s'l) at the level of filtering nets of 4th instar Hydropsyche species of the Grof3e

Tulln catchment. Data are based on CPUE samplings over 45 minutes each, from 10 March 2014 to 31 August

2014; showing the arithmetic means and standard deviations of all measured velocities at each sampling

site. The sampling sites are ranked according to their spring distance (km).
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Figure 44: Flow velocity (cm s‘l) at the level of filtering nets of 5th instar Hydropsyche species of the Grof3e
Tulln catchment. Data are based on CPUE samplings over 45 minutes each, from 10 March 2014 to 31 August
2014; showing the arithmetic means and standard deviations of all measured velocities at each sampling

site. The sampling sites are ranked according to their spring distance (km).

The relationship between intra-specific flow vetiEs at filtering net level (cm™$ and mesh
area (mrf) was only significant for 5th instad.saxonica. For these larvae an increase of

mesh area with increasing flow velocity at net levas detected (Figure 45).
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Figure 45: Regressions of flow velocity at net level (cms‘l) versus mesh area (mmz) of Hydropsyche species of
the GrofB3e Tulln catchment; species and instars are indicated by colored symbols; significant regressions are
shown by colored lines. Data are based on CPUE samplings over 45 minutes each from 10 March 2014 to 31

August 2014. Regression parameters: H. saxonica (5th instar): y = 0.025 + 0.0008x; R®= 0.15; p < 0.001 ***,
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5 Discussion

5.1 Species inventory

The Hydropsychidae species inventories of the ampding sites in the Grol3e Tulln catch-
ment in 2104 were compared with a survey by SCHRBITER (1982). Generally, the ben-

thic habitats of the GrofRe Tulln catchment are patpd by the same eight Hydropsychidae
species as in 1982 (Table 19).

5.1.1 Klamm

The population structure . instabilis (65 %) andH. saxonica (27 %) is highly consistent
with the situation in 1982 (Table 19), indicatintglé changes in parameters such as water
quality or river morphologyH .instabilis and H. saxonica are euryoecious (SCHEIBL-
REITER 1982) and mainly rhithral species (GRAF le2802, BOCHERT & BIELE 2005).
Their distribution along the stream continuum egeto Neulengbach, where the Gro3e Tulln
changes from hyporhithral to epipotamal. Both i8A%nd today, eithafl .instabilis or H.
saxonica is the dominant Hydropsychidae species in alltrhltsections of the catchmeih.
fulvipes (SI: 1.1) was absent at Klamm in 1982 and nowesgmts 8% of the Hydropsychi-
dae. It is a stenoecious (SCHEIBLREITER 1982), kypoal species adapted to oligosapro-
bic conditions (GRAF et al. 2002). SCHEIBLREITERER) foundH. fulvipes dominant on-

ly in immediate proximity to springs (upstream bé tsampling sites Klamm and Prinzbach).
The downstream movement f fulvipes to Klamm can be interpreted as an improvement of
saprobity since 1982. SCHEIBLREITER (1982) measaresbximum temperature of 17.1 °C
at Klamm and describdsd. fulvipes as sensitive to water temperatures over 13°C.eSomgy-
term temperature data for Klamm are missing, tegumption could not be tested precisely.
The water temperature at Klamm is assumed to berltivan at Prinzbach because of higher
altitude. The average water temperature duringsétmepling season from April to August at
Prinzbach was 13.9 °C. Thus, for Klamm, an avesightly below the Prinzbach tempera-
ture can be expected, which is concordant with SBHEEITER s hypothesis fad. fulvipes

temperature preferences.
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5.1.2 Prinzbach

The Hydropsychidae species occurring at Prinzb@ablé 19) are the same as at Klankn.
saxonica is more dominant here (93%) than at Klamm (27%} fdreness dfl .instabilis at
Prinzbach (3%) compared to Klamm (65%) is incoesisbecause both sampling sites show
similar characters concerning spring distance,astleed structure and physical parameters
(Tables 1, 4). SCHEIBLREITER (1982) also deteck&dsaxonica (68%) more frequently
thanH. instabilis (32%) at Prinzbach. He describes the two spe@e=ugyoecious and con-
gruent, but differing in their temperature prefexen H. saxonica is more adapted to low
temperatures, preferring maximum water temperathetween 15°C and 20°C. In contrast,
H. instabilis prefers maximums between 20°C and 25°C (SCHEIBOIER 1982). HIL-
DREW & EDINGTON (1979) foundH. instabilis in the upper tributaries of the river Usk
(Wales), with maximum water temperatures of 23°e Temperature maximum at Prinzbach
during the sampling season was 18.9°C, which agvébshe dominance dfl. saxonica. On-

ly the dominance oH. instabilis at Klamm is not congruent with this model. SCHEIBL
REITER (1982) measured temperature maxima of 17dt°Klamm in August, the warmest
month of the year. This should favor the dominaotél. saxonica instead ofH. instabilis
there, whereas the opposite was observed. In @nBHEILIPSON (1969) measured the high-
est net spinning activity di. instabilis at 12°C, which is around the average temperature d
ing the sampling season at Klamm. These inconsisk&ta on temperature preferences sug-
gest that the low frequency &f. instabilis at Prinzbach versus Klamm reflects local condi-
tions other than temperature preferences. SCHEIBLRE (1982) assumeld. saxonica is
less resistant against dense algal growth thanstabilis. Nonetheless, the abundance pat-
terns ofH. saxonica andH. instabilis between Prinzbach and Klamm are not a consequence
algal growth because epilithic algae are rare #h Isdes (Tables 2, 5H. fulvipes is less
abundant at Prinzbach (4%) than at Klamm (8%), lvligrees with SCHEIBLREITER's as-
sessment that this species prefers cold water.

Prinzbach and Klamm represent the upstream spasgxciation of Hydropsychidae (Figure
28) in the Grol3e Tulln catchment. This associati@s also detected by SCHEIBLREITER
(1982), only with higher abundancestf instabilis as the main difference to today’s situa-

tion.
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5.1.3 Altlengbach

Altlengbach, which is located 3 km downstream & sampling site Prinzbach, is character-
ized by the dominance &1 .saxonica (49%), the co-dominance &f. instabilis (25%), and
five sympatric Hydropsychidae speciés$. fulvipes, H. pellucidula/incognita, H. siltalai, C.
lepida, H. bulbifera) (Table 19). In 1982H. instabilis was dominant (74%)H. saxonica
(18%) co-dominant, andH. pellucidula/incognita (8%) sub-dominant (SCHEIBLREITER
1982).

H. saxonica has increased its frequency and moved further dveaam in the Lengbach since
1982. It replacedH. instabilis as dominant species at three sampling sites (faog
Altlengbach, Laaben). Since the sediment at Altberady is partially covered by epilithic algae
(Table 8), the hypothesis thidt saxonica is less resistant that. instabilis to dense algal co-
vers (SCHEIBLREITER 1982) is rejected. The maximtemperature during the sampling
season at Altlengbach was 21.8°C, which is 3°Cédrighan at Prinzbach. The dominance of
H. saxonica leads to the rejection of the hypothesis of itagerature preference between
15°C and 20°C (SCHEIBLREITER 1982).

Three new speciedd( siltalai, C. lepida, H. bulbifera) appeared at Altlengbach since 1982.
The abundance dfl. siltalai increased in the catchment, but never exceeded@uimance
(always < 15 %) among the Hydropsychidae. ROUX.€t1892) foundH. siltalai to be wide-
spread but always rare (< 1% of Hydropsychidaghérhithron of the Rhone River at water
temperatures below 20°C. In the Mondego River béortugal),H. siltalai inhabited upper-
and middle-, but never low reaches (FEIO et al.5200his agrees with the present study, in
which H. siltalai was not present in the potamal. MALICKY (2014) fiolH. siltalai together
with H. instabilis as dominant species in light traps along the upgsrhes of many Austrian
rivers.

C. lepida and H. bulbifera are hyporhithral — epipotamal an@imesosaprobic -o-
mesosaprobic (GRAF et al. 2002). They moved upstrgace 1982. An upstream movement
of these species, which tolerate high saproby,dcbalbest explained by declining water qual-
ity. Altlengbach is located in an urbanized areaimch human-induced saprobial pollution is
likely. The appearance d¢. siltalai (SI: 2), C. lepida (SI: 2.2) andH. bulbifera (SlI: 2.4),
which are associated with higher saprobial indittes H. saxonica (1.6) andH. instabilis
(1.4), and did not occur in 1982, leads to the mggion that the saproby has increased since
the 1980s.
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SCHEIBLREITER (1982) detected water quality Ilithis river section. In this study a CI of
64 was measured at Altlengbach, which is waterityudl representing an improvement since
1982. Accordingly, the upstream movemenCofiepida andH. bulbifera is probably due to

other ecological factors.

5.1.4 Laaben

The dominance ofl. instabilis (96%) in 1982 changed into a co-dominancédofnstabilis
(40%) andH. saxonica (42%) (Table 19).H. saxonica abundance increased similar to
Altlengbach and Prinzbach. Thus a general areagartent ofH. saxonica, together with a
downstream movement, in the whole Grol3e Tulln catsit was observedH. saxonica (Sl:
1.6) is adapted to oligosaprobig3-mesosaprobic conditions (GRAF et al. 2002). A down
stream movement dfl. saxonica can be interpreted as a sign of improving wateityu In
contrast, SCHEIBLREITER (1982) descrilddssaxonica as highly tolerant against pollution
(a-mesosaprobic), underlining its euryoecious charact

H. pellucidula/incognita (15%) was not detected at Laaben by SCHEIBLREITE®82). In
1982, H. pdlucidula occurred only at two sampling sites in the bentbbthe Grol3e Tulln
catchmentHK. incognita described 1993 by PITSCH). It can be assumedhleaabundance of
H. pellucidula/incognita increased in the whole catchment since 1982 bedauwsas also rec-
orded at Altlengbach, Neulengbach and Langentdhpellucidula/incognita is the most eu-
ryoecious species among the Hydropsychidae of ttuf3& Tulln catchment (GRAF et al.
2002, SCHEIBLREITER 1982). BotH. pellucidula andH. incognita inhabit river sections
from epirhithral to epipotamal (GRAF et al. 200RPDUX et al. (1992) describés. pellucid-
ula in the Rhone as ubiquitous, with a respiratoryaibelism typical for both rhitral and po-
tamal species. Because of its euryoecious chaydittierinformation about changes of water
quality can be drawn from its appearance at Lasbere 1982.

SCHEIBLREITER (1982) detected water quality cladisat Laaben, which indicates unpol-
luted water. In this study, water quality Il wasasered (Cl: 65). No new source of human-

induced pollution is thought to have occurred sih@82.

5.1.5 Neulengbach

Neulengbach is characterized by the dominandé. dulbifera (41%) and the co-dominance
of H. pellucidula/incognita (20%).H. saxonica (10%) andH. siltalai (13%), which were both
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absent in 1982, are now present at NeulengbachgqTi&). Together witiH. saxonica the
frequency of the euryoecious speditssiltalai andH. pellucidula/incognita increased in the
whole catchment since the 1980s. HILDREW & EDINGTQI979) foundH. siltalai andH.
pellucidula to coexist along a 60 km-long stretch of tributau@ad rhithron reaches of the riv-
er Usk (Wales). BASAGUREN & ORIVE (1990) also fouttebir coexistence in the Cadagua
River basin (Spain), withd. pellucidula habitat reaching somewhat further downstream. In
the Grol3e Tulln catchment. siltalai andH. pellucidula/incognita coexist along the whole
midstream section (Laaben, Altlengbach, Neulenghawithout occurrence in the headwaters
and the potamal.

In 1982, water quality 1ll was measured at Neulewyh caused by untreated sewage disposal
(SCHEIBLREITER 1982). In this study, water qualitywvas measured at Neulengbach (CI:
65). Among the Hydropsychidae of the Grof3e Tulltclwaent,H. bulbifera, which highly
dominated (97%) at Neulengbach in 1982, is the nalstant species against low water
quality, G undersaturation and high temperatures (SCHEIBLERITL982). It is often ob-
served as the dominating caddisfly when organitupoh is high (BASAGUREN & ORIVE
1990, FEIO et al. 2005). The abundance decreast ladilbifera (Sl: 2.4), together with the
downstream movement &f. saxonica (Sl: 1.6), indicates that the saprobity decreasesitd
better sewage treatment at Neulengbach.

In the Grol3e Tulln catchmert, lepida (12%) showed its peak abundance at Neulengbach.
Fauna Aquatica Austriaca (GRAF et al. 2002) class(E. lepida as more potamal-preferring
thanH. bulbifera. It is therefore surprising th&. lepida does not occur at Langenrohr, the
only sampling site in the potamal reach of the @rdRlin. SCHEIBLREITER (1982) found
the highest abundances ©f lepida even upstream of Neulengbach, and also found rie ind
viduals of that species in the potamal. He conduti@tC. lepida is much more euryoecious
than expected (e.g. MALICKY 1978) and has a higlertmce spectrum for different water
temperatures and saprobity. This conclusion is edeg by the distribution data Gf. lepida
from this study.C. lepida inhabits middle reaches of the Mondego River b#Biortugal),
whilst H. bulbifera inhabits the low reaches with higher organic palut(FEIO et al. 2005).

In light traps of large lowland rivers such as frraun,C. lepida is — beside#l. incognita —
the dominating Hydropsychidae (MALICKY 2014). Thapture ofC. lepida in light traps
along the Danube at Linz (MALICKY 2014) underlineseuryoecious character.
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Altlengbach, Laaben, and Neulengbach representnikdstream species association (Figure
28) of the Grol3e Tulln catchment. These river sestiare characterized by a higher diversity

of Hydropsychidae today compared to 1982.

5.1.6 Langenrohr

The Hydropsychidae species inventory of Langensitongly coincides with that of 1982
(Table 19), suggesting that river condition andewnauality were similar in 1982. bulbif-

era (79%) is the dominating species dddangustipennis (20%) is co-dominant. The down-
stream species association (Figure 28) remainestaoi

SCHEIBLREITER (1982) detected water quality Il angenrohr. He hypothesized that the
river underwent self-purification after human-inddgollution at Neulengbach. Water quali-
ty Il (Cl: 64) was also measured at Langenrohiis study, in agreement with the constancy
of the species inventory since 1982. The samplitgglsaangenrohr is a riffle (old horse pas-
sage across the river), with the sediments dondniayesmall gravel (10 — 20 cm) with dense
algal cover (Table 17). bulbifera is well described for potamal reaches with sanay a
muddy sediments (OTTO 1995). Due to its dominaricéha riffles in Neulengbach and
Langenrohr,H. bulbifera seems to also tolerate larger sediment partidessin potamal
reaches.

H. angustipennis has its highest abundance at Langenrohr, whicbnsistent with its classi-
fication as species of the low reaches of sma#ira(MALICKY 1977).

C. lepida was missing at Langenrohr both in 1982 and in 2@%én though it is classified as
epipotamal species (GRAF et al. 2002). Its absaht@angenrohr cannot be explained by the
riffle character (which is atypical for the epipatal character of the Grol3e Tulln) becaGse
lepida represents 12% of the Hydropsychidae at the fasitirig riffle at Neulengbach (see

above).

5.2 Biometry

The significant linear relation between body lengtid maximum head capsule width among
all detected Hydropsychidae individuals of the @rdmilin catchment (Figure 29) shows the
combined growth of biometric variables. Similartte head capsule width, the dry mass of

larvae increases significantly with body length [B&E et al. 1999). Sclerotized body parts
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such as the head capsule grow discontinuouslywiepvith each molt by a constant factor
(DYAR 1890, CHAPMAN 1998). Head capsule width f@ch species can therefore be used
to assess the larval instar (DALY 1985). First diéscl by DYAR (1890) for Lepidoptera, the
discontinuous growth of the head capsule was destiiater for caddisflies (e.g. OSWOOD
1976, HAUER & STANFORD 1982, SIEGLSTETTER et al979 HROVAT & URBANIC
2012) and other insects (e.g. LOGAN et al. 1998)e Btepwise increase of head capsule
width between penultimate and ultimate instar vioest illustrated by the data Hf saxonica
(n=130), the most abundant species at the Grofda ¢alchment (Figure 32). On a semilog
scale the mean head capsule widths for 3rd, 2ndlanthstars were extrapolated, based on
the measured data for 4th and 5th instars (Fig8yeB fulvipes, H. pellucidula/incognita, H.
siltalai, C. lepida, andH. angustipennis were not abundant enough to demonstrate the gap be
tween penultimate and ultimate instar head capsidé (Figures 30, 33 - 36). Fét. bulbif-

era (n=60) no obvious split between 4th and 5th instarld be observed (Figure 37) despite
abundant specimens. This diffuse transition of hesggsule widths between penultimate and
ultimate instar irH. bulbifera may indicate a less constrained growth of thicigse A range

of environmental variables (e.g. temperature) almigbited river sections might lead to a
differentiation in developmental processes, blgytime split between instar-specific head cap-
sule widths.

According to their 5th instar head capsule widtie, Hydropsychidae species are ranked from
small to large as followsC. lepida, H. bulbifera, H. instabilis, H. siltalai, H. pellucidu-
la/incognita, H. angustipennis, H. saxonica, H. fulvipes. For the 4th instars the rankingHis
instabilis, H. angustipennis, H. saxonica, H. bulbifera, H. pellucidula/incognita, H. siltalai,

H. fulvipes. No 4th instar larvae o. lepida were sampled. ALSTAD (1982) suggests that the
body size of the species decreases from upstreamovmstream, together with the down-
stream decrease of flow velocity and POM size (VANNE et al. 1980). This hypothesis
could not be fully confirmed for the Hydropsychidafethe Gro3e Tulln catchment. The head
capsule widths of the species are not continuotasiked from large to small according to
their occurrence within the river continuuifhe krenal/epirhithraH. fulvipes (GRAF et al.
2002) is the largest species, which is coherert thi¢ hypothesidd. saxonica, H. instabilis,

H. pelucidula/incognita andH. siltalai are all part of the middle reach species assodiati
(Figure 28). Their median head capsule widths dadifter highly within the 4th and 5th in-
stars (Table 21). The head capsule width€.d&pida andH. bulbifera do not support the hy-
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pothesis of downstream size decred3elepida is the smallest species, but mainly inhabits
the middle reaches. 4th instdr bulbifera have larger head capsules thdnsaxonica, alt-
houghH. bulbifera inhabits the potamal reaches. Neither in 1982 (SIBHREITER 1982)
nor in 2014 the Hydropsychidae species of the Giide catchment distributed regularly
from upstream to downstream according to body diensions.

Many studies question the influence of large-schknges in flow velocity and POM size on
Hydropsychidae distribution. They suggest that flmmditions in microhabitats are more crit-
ical for distributional patterns (WILLIAMS & HYNE3973, GEORGIAN & THORP 1992).
OSBORNE & HERRICKS (1987) found no significant adations betweenHydropsyche
body size and flow velocity. They reported strongrtaps even in microhabitat velocity pref-

erences between four differently-sizdgdropsyche species.

5.3 Phenology

The larval phenology of penultimate and ultimatedibpsychidae instars of the Grof3e Tulln
catchment between March and August 2014 are showigure 39. Voltinism and phenology
depend on environmental variables (VANNOTE & SWEBNE80, MACKAY 1986) and
can thus vary between the years.

HILDREW & EDINGTON (1979) provided life-history datfor H. siltalai, H. instabilis and

H. pellucidula in the river Usk (Wales). They found that pellucidula overwinters in the 4th
and 5th instars, with pupation between May and Jbitheinstars were present the whole year,
which indicates fast growth and long duration & tltimate instar before pupation. These da-
ta are in accordance with the Grof3e Tulln studyereth and 5th instars 6f. pellucidu-
la/incognita were found in March, May and August. Sirldepellucidula/incognita is rare in
the GroRRe Tulln, and only few samplings took plecc&pril and June, the 4th and 5th instars
are expected to occur also in April, June and Juhen they were not sampled. HILDREW &
EDINGTON (1979) found 5th instars &f. siltalai from March until July, and pupation in
June, July and August. The species overwinteretian3rd instar, followed by rapid devel-
opment in spring. The flight period is between Jand September (WARINGER & GRAF
2011). In the Grol3e Tulln 5th instarstéfsiltalai were found in May and June, agreeing with
the data of HILDREW & EDINGTON (1979). As was thase forH. pellucidula/incognita,

H. siltalai is rare in the catchment and might have escapettiEn in some months despite
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actually being present.

H. instabilis 5th instars occurred from April until July, withupation between June and Au-
gust in the river Usk (HILDREW & EDINGTON 1979). &Hlight period is between July and
September (WARINGER & GRAF 2011). In this study #th instars were found from May
to July, in full agreement.

PETERSEN & PETERSEN (1983) descrildg¢dangustipennis life-history as being similar to
that ofH. pellucidula, characterized by overwintering in the 4th andibhtar and pupation in
spring. The long flight period is from April to Sepnber (WARINGER & GRAF 2011). In
the GroRRe Tulln studyl. angustipennis was found in its 5th instar from March to August,
with gaps in April, June and July. The June ang dalps are assumed to reflect the period
when the overwintered larvae are already pupatddtanew generation has not yet reached
the 4th and 5th instar.

5th instarH. saxonica were sampled in the Grol3e Tulln throughout these&®m March to
August. 4th instaH. saxonica were found the whole season except in June. Térease of
5th instars, and the decrease of the 4th from Marchune, point to beginning pupation. The
flight period lasts from May to June (WARINGER & @R 2011). From July on, the number
of 5th instars increased again, indicating the gemge of the next generation, which over-
winter mainly as 4th and 5th instars (HROVAT & URBKC 2012). The data on the life cy-
cle of H. saxonica at the Grol3e Tulln are in accordance to HROVAT RBANIC (2012),
who investigated the life cycle &f. saxonica in a Slovenian karst river.

H. bulbifera 4th and 5th instars were sampled in all monthshefdampling season except
April. Its flight period lasts from May to Septeml@®/ARINGER & GRAF 2011), which ex-

plains the consistent appearance of the 5th idstidng summer.

5.4 Biometry of the capture net meshes

Among the 4th instars, the capture net mesh aref s#xonica differs significantly from that
of all other species except instabilis andH. bulbifera (Table 23)H. saxonica is the small-
est species (except a single specimeH .adngustipennis and two specimen dfl. instabilis)
based on head capsule width among the 4th instéisyed byH. bulbifera (Table 21).
Among the 5th instars the mesh areaCofepida differs significantly from all other species

exceptH. angustipennis (Table 24).C. lepida is the smallest species among the 5th instars
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based on head capsule width, followed-byoulbifera (Table 21).

Mesh area and head capsule width correlate (SATTL&3, WALLACE 1975) because the
mesh dimensions are defined by distances betweethpearts (KAISER 1965). Among the
Hydropsychidae of the Grof3e Tulln, a significantreation between mesh area and head
capsule width was found fdil. instabilis, H. saxonica, H. angustipennis and H. bulbifera
(Figure 40). For the other species a correlatioexpgected but presumably not found due to
small sample sizes.

Mesh sizes tend to decrease from upstream to dmanstas a consequence of adaptation to
slower flow velocities and smaller POM size (EDINGIY 1968, GORDON & WALLACE
1975, MACKAY 1979, ALSTAD 1980, ALSTAD 1982). Singeesh area and head capsule
width correlate, the distribution of species-sgeanesh sizes along the river continuum re-
sembles those of body size (see above): neithehébth nor for the 4th instars a constant
decrease of mesh area along the river continuum frpstream- to downstream-inhabiting
species was detected (Figures 41, 42). The hypsttiest Hydropsychidae species which in-
habit downstream habitats produce smaller meslas upstream species has to be rejected
for the Grol3e Tulln. In analogy to the situatiorhefad capsule widtlg. lepida produces the
smallest meshes, but inhabits the fast-flowing neideéaches (see above). Species produce
significantly different mesh sizes, but therebyra follow a sequence of downstream mesh
size decrease along the river continuum. Mesh aiagptations to flow conditions in micro-
habitats could interfere with broad-scale adaptatio flow conditions along the river contin-
uum. Flow velocity and POM size in microhabitats aot a consequence of longitudinal zo-
nation. A broad range of flow velocities in diffatemicrohabitats explains the broad range of
mesh sizes within one river section (Figures 4),(¥2ALLACE et al. 1977, GEORGIAN &
WALLACE 1981, FULLER et al. 1983, LOUDON & ALSTAD 990, VOELZ & WARD
1996). Fast-flowing habitats on the top surfacetohes are inhabited by species with large
meshes, and the undersurfaces by species with snmeshes (WALLACE et al. 1977).
TACHET et al. (1992) found seven coexisting Hydsmbsdae with different mesh sizes in
one river section of the upper Rhone. Thus, midogha selection affects species-specific
mesh size (TACHET et al. 1992, ROUX et al. 1992)e Toexistence of 5 instars of one spe-
cies within one river section further underlineg thypothesis of microhabitat adaptation
(MUOTKA 1990). Since different instars produce diffnt mesh sizes (KAISER 1965), they

probably inhabit different microhabitats within oreach according to their body and mesh
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size.

Comparing the longitudinal zonation of Hydropsy@®do other net-building caddisfly fami-
lies such as Philopotamidae or Polycentropodidawiges evidence that factors apart from
longitudinal zonation influence their distributidfor example, Philopotamidae with extreme-
ly fine nets occur from headwaters to downstreatal tiegions (GEORGIAN & WALLACE
1981).

5.5 Flow velocities at capture net level

A slight increase of flow velocity at net level ino4th to 5th instars was detected, except for
H. pellucidula/incognita (Table 25). When body size increases, the larvaeable to with-
stand higher current velocities (OSBORNE & HERRICKS®87), and their nets with larger
mesh area are able to resist higher shear stre8&l(NCE 1975). Accordingly, an instar
transition is expected to imply an occupation o€noihabitats with faster currents in order to
increase capture rates. MUOTKA (1990), howevernéba constant decrease of mean micro-
habitat flow velocities from 3rd to 5th instar léf angustipennis, H. pellucidula andH. saxo-
nica, contradicting the observations of OSBORNE & HERRS (1987).

Many studies on longitudinal macroinvertebraterdistion point out that the current veloci-
ties of preferred habitats decrease downstream d.tES 1961, STATZNER & HIGLER
1986). The feeding strategy of Hydropsychidae, h@nes well known for being adapted to
fast current velocities (EDINGTON 1968, WARINGER GRAF 2011). WALLACE et al.
(1977) measured mean microhabitat velocities fr@%% cm & for Hydropsyche species of
the Tallulah River (North Carolina).

Neither for the 4th nor for the 5th instar Hydrogsiglae of the Grol3e Tulln a significant de-
crease of site-specific preferred flow velocitiesni upstream to downstream was detected
(Figures 43, 44). At all sampling sites from heatbnsto the potamal the 4th and 5th instar
Hydropsychidae select habitats with mean site fipdtow velocities at net level between 23
and 34 cm$ (Table 25). GEORGIAN & THORP (1992) found thatfleelocity has insignif-
icant importance for the Hydropsychidae competitedection of microhabitats. They con-
clude that Hydropsychidae tend to colonize higloe#y habitats, and factors like substrate
size and -type are more crucial for competitiowleein species.

EDINGTON (1968) pointed out the specialization ofdrbpsychidae to high speed habitats
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in comparison to other net building caddisfly faesl like Polycentropodidae. He observed
net building forH. instabilis at velocities ranging from 15 — 100 cth $n the GroRe Tulln the
flow velocity atH. instabilis net locations ranged from 5 — 82 cth $hese broad ranges for
current velocities underline the assumption of GBDAN & THORP (1992) that velocity is
not the most crucial factor for habitat selectiblydropsychidae seem to prefer high veloci-
ties, but are able to tolerate slow currents whtteroenvironmental factors are suitable.
MUOTKA (1990) found similar results when comparitng average flow velocity fdd. pel-
lucidula habitats from two sampling sites. With averageeities of 56.9 and 28.7 cnit she
habitats differed highly in flow rate.

The correct measurements of flow velocities weffcdit, because the propeller flow veloci-
ty measurements were presumably not precise enougitord flow velocities in microhabi-
tats. EDINGTON (1968), MUOTKA (1990) and TACHET @t (1992) emphasize the diffi-
culties of microhabitat velocity measurements ia field, and the reliability of comparisons,
when different measurement approaches were used.

Only for 5th instaH. saxonica a significant increase of mesh area with increpiow veloc-

ity was measured (Figure 45). Large individuald fv@duce nets with large meshes are ex-
pected to inhabit microhabitats with fast veloatidue to higher current resistance (ALSTAD
1987 a). The reason for finding this correlatiom fioo all species may be found in the difficul-
ty of detecting current velocities in the microhats, or in the fact that current velocity is not

the key determinant for Hydropsychidae when sealgai habitat (see above).

70



Abstract

Hydropsychidae are omnipresent in European rivesystems. They occur in benthic habitats
of all running waters, except high mountain streand slow flowing rivulets. By filtering
large amounts of seston with capture nets, they glaajor role for the POM retention of a
river system. The construction of the capture aets its mesh structure were of great scien-
tific interest since the 1960s. Longitudinal distiiion in river systems, microhabitat selection
and mesh size diversity of Hydropsychidae spece® wopics of many studies since then.
Species-specific mesh size is discussed of affgttinad scale- and microhabitat selection of
Hydropsychidae in reference to POM size and flovoaity. It is still poorly understood if
correlations between habitat selection and captetemesh size exist, because results con-
cerning this issue are inconsistent.

This study deals with the Hydropsychidae faunahef Grof3e Tulln catchment (Lower Aus-
tria). Species distribution and capture nets ofattti 5th instars were analyzed from March to
August 2014 at six sampling sites from headwaten&b'rhithral reaches to potamal reaches.
Eight species were detected in the catchment bthlmesampling. The dominant species are
Hydropsyche saxonica, H. instabilis andH. bulbifera. Species inventories were compared to
the year 1982, studied by SCHEIBLREITER (1982).

The hypotheses of downstream body size- and capeiremesh size decrease were tested on
the eight species along the river. Flow velocitysvmaeasured at net location in order to test
correlations to mesh size.

The results reveal that Hydropsychidae habitatsnatestrictly ordered from upstream to
downstream according to their body and mesh §iheumatopsyche lepida, the smallest Hy-
dropsychidae species of the catchment, inhabitg fast flowing midstream habitats, signifi-
cantly not agreeing with the hypothesis of dowrastrdody and mesh size decrease.

Flow velocity measurements show that Hydropsychikdectively inhabit fast flowing habi-
tats (average velocities at net level between 28 3&hcm 8). Significant correlations be-
tween flow velocity and mesh size were detectedvior species. Microhabitat conditions are
suggested to be the major determinants for Hydpdge distribution and niche segregation

according to capture net mesh size.
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Zusammenfassung

Hydropsychidae sind allgegenwartig in den Okosystemer flieRenden Gewasser Europas.
Sie Dbesiedeln benthische Habitate aller flieRend@awasser mit Ausnahme von
Hochgebirgsbachen und langsam flieenden kleinehd3d Indem sie mit ihren Fangnetzen
grof3e Mengen an Seston filtern, leisten sie eimgacheidende Beitrag zur Retention von
POM in Flusssystemen. Die Konstruktion der Fangneizd deren Maschenstruktur waren
seit den 60er Jahren des vorigen Jahrhunderts voBen wissenschaftlichen Interesse.
Seither waren die Verteilung der Hydropsychidae laegt eines Flusssystems, die
Mikrohabitat-Wahl und die Vielfalt an Maschenweitehhema vieler Studien. Die
artspezifische Maschenweite wird als Faktor digktitider die Auswahl der Makro- und
Mikrohabitate je nach POM-GroRe und Flie3geschwgikeit beeinflusst. Es ist noch unklar,
ob eine bestandige Korrelation zwischen Habitatwaid der Maschenweite der Fangnetze
existiert, da sich die Ergebnise von Studien wigiershen.

Vorliegende Arbeit untersucht die Hydropsychidemit&® der GroRen  Tulln
(Niederosterreich). Die Artenverteilung und die aetzte von vierten und flnften
Larvenstadien sind zwischen Marz und August 2014sechs Beprobungspunkten von
quellnahen Krenal/Rhitral- Abschnitten bis zu muumglenahen Potamal-Abschnitten
analysiert worden. Insgesamt acht Arten wurden imnzigsgebiet bei den
Benthosbeprobungen festgestellt. Die dominanterermArsind Hydropsyche saxonica, H
Instabilis und H. bulbifera. Die Arteninventare wurden mit jenen aus dem JH982
(SCHEIBLREITER 1982) verglichen. Die Hypothese ddynahme von LarvengrofRe und
Maschenweite der Fangnetze von Quelle zu Mindunglevan den acht Arten entlang des
Flusses getestet. Die FlieRgeschwindigkeit auf HidreFangnetze wurde gemessen, um zu
testen, ob eine Korrelation zu den Maschenweitstebé

Die Ergebnisse zeigen, dass sich die Habitate gerdgsychidae nicht streng nach deren
LarvengroRen und Maschenflachen entlang des FlassednenCheumatopsyche lepida, die
kleinste Hydropsychidae der GroRRen Tulln, bewohmsahlie3lich den schnell flieRenden
Mittellauf, was eindeutig nicht mit oben erwahntétfypothesen ubereinstimmt. Die
Messungen der Flie3geschwindigkeit zeigen, dassrdpggichidae ausschliel3lich schnell
flieRende Habitate besiedeln (mittlere FlieRgesobigkeiten auf Netzhdohe zwischen 23 und
34 cm §). Eine signifikante Korrelation zwischen FlieRdesindigkeit und Maschenflache

konnte fur zwei Arten festgestellt werden.
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Die vorherrschenden Bedingungen in den Mikrohaditdtonnten der entscheidende Faktor
fur die Verteilung und Einnischung der Hydropsyasd und die unterschliedlichen

MaschengroRen der Fangnetze sein.
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