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From May 1997 to April 1998 larvac were recorded at the Weidlingbach, a fourth order
tributary of the Danube nr Vienna, at 12 sampling stations from source to mouth. From the 14
larval instars reported for the genus, 5 (F to F-4; based on head width) could be identified in
both spp.; head widths of ¢ larvae were significantly larger than in 8. — Both spp. were most
abundant within medium sand sediments with a mean grain size (Q,,) of 2.04 mm in C. bidentata
and 2.79 mm in C. heros. Mean water depths and nose current speeds measured at larval
microhabitats were 4.4 cm and 2.3 cm s (C. bidentata) and 5.6 cm and 2.6 cm s (C. heros).
During the winter months larvae chose the water depths slightly deeper than during summer.
Throughout the observation period, a high proportion of the larvae (C. bidentata: 70-100%;
C. heros: 41-90%) were burrowed in sandy sediments, either totally or displaying the typical
ambush posture with only head and anal pyramid visible. In winter, the proportion of burrowing
larvae was insignificantly higher than in summer. — C. bidentata larvae were most abundant
near the sources, preferring first order stream sections (discharge 0.1-3.2 1) with high hardness
(up to 34 German degrees) and conductivity (up to 1100 uS cm™) and a high proportion of
fine sediments. Although C. heros larvae were also collected at such first order sites, they reached
their highest abundance (larval density up to 7.84 specimens per 10 meter shore length) at
second order stream sections (discharge 0.3-6.0 1 s*') with lower hardness and conductivity
and a higher proportion of coarse sediments.

INTRODUCTION

With respect to wingspan and body length, Cordulegaster heros Theischinger is the
largest European Odonata species (ASKEW, 1988). Despite this, its distribution patterns
and ecology are largely unknown. This is undoubtedly a consequence of frequent
taxonomic changes within this genus. A member of the ,,bolfoni complex®, C. heros
was classified as C. boltonii charpentieri (Kolenati) by ST. QUENTIN (1952). This
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decision was doubted by JURZITZA (1965), who shared FRASER’s (1929) opinion
in that the taxon in question required a species rank and, consequently, renamed it C.
charpentieri (Kolenati) (synonym = C. pictus Sélys). Finally, in 1979, the taxon was
described as C. heros by THEISCHINGER with nominate form based on type material
from the Wienerwald area near St. Andrd (Lower Austria) and C. k. pelionenis based
on material from Mt Pelion (Greece). In contrast to C. heros, C. bidentata has retained
its name since its first description in 1843 as C. bidentatus Sélys.

In the Weidlingbach catchment, C. bidentata and C. heros are syntopic and easy to
identify as larvae and adults (ASKEW, 1988; HEIDEMANN & SEIDENBUSCH,
1993; THEISCHINGER, 1979). Although details on life cycle, biology and ecology
of C. bidentata and C. boltonii are available (e.g. PRODON, 1976; BLANKE, 1984;
BUCHWALD, 1988; DONATH, 1988; DOMBROWSKI, 1989; SALOWSKY, 1989;
BOCKER, 1995, BISSINGER, 1996; CORBET, 1999), this is not yet the case in C.
heros. In addition, it is well known that C. boltonii and C. bidentata may colonize the
same stream (e.g. BOCKER, 1995; LAISTER, 1996a), whereas niche differentiation
patterns of syntopic populations of C. boltonii and C. heros are still unknown. The aim
of the present study was, therefore, to provide information on micro- and longitudinal
distribution of these species, to elucidate abiotic parameters responsible for the observed
distribution patterns and to work out habitat templates for C. bidentata and C. heros.

STUDY AREA

The study was carried out at the Weidlingbach, a 12-km-long, first to fourth order tributary of the
Danube. Its drainage area (33.2 km?) is situated in the Wienerwald, the densely forested easternmost
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Fig. 1. The Weidlingbach catchment near Vienna, Austria, showing the habitats of Cordulegaster heros and C.
bidentata. The pooled data are based on surveys of adults, larvae and exuviae (LANG, 1999; MULLER, 1999).
The twelve sampling stations are indicated by encircled numbers.
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spur of the Alps near Vienna, Austria (Fig. 1; 48°17’ N, 15°16’ E; altitude of source: 440 m; altitude of
mouth: 164 m above sea level). Near the source, mean stream width is 2.1 m and maximum water depth
16 cm, near the mouth 3.9 m and 71 cm, respectively. The chemical properties of the water are heavily
influenced by the calcareous sandstone, marl and slate geology, producing relatively high conductivity
(480-1100 pS cm') and total hardness (up to 34 German degrees). Annual pH values range from 6.6 to
8.4, and the oxygen content is always well above 80%. The range of annual water temperatures is 0.0-
18.0°C at first order and 0.5-20.0°C at fourth order stretches of the stream (DIETRICH & WARINGER,
1999).

The catchment was mostly covered by deciduous forest consisting of Fagus sylvatica, Carpinus
betulus, Quercus spp. and Acer spp.; only the lower reaches of the brook were bordered by human
settlements. Sandy substrates were common within first and second order tributaries, but cobbles and
pebbles predominated in the lower reaches. The mean annual discharge of first order trubutaries was
0.002 m?3s; near the mouth it increased to 0.2 m3s™, but may be as high as 7.2 m3 during spates due
to the poor infiltration capacity of the soil (HADL et al., 1976).

MATERIAL AND METHODS

For the investigation of larval habitats, 12 data sets were collected at monthly intervals between
May 1997 and April 1998 at 12 sampling stations (Fig. 1) and over a wide range of hydrological
conditions (except severe spates where sampling was impossible). Each sampling station covered a
stream section 10 m in length. At each sampling date, maximum and minimum stream width was
recorded, the water depth read at a gauging station and the stream section mapped. Discharge was
measured using a propeller-meter (Ott C2; propeller diameter = 30 mm}) and following the principles
of the velocity-area method (DINGMAN, 1984). Water temperature data were read from permanently-
-exposed minimax-thermometers; in addition, hardness and conductivity were measured at monthly
intervals using Aquamerck field kit No. 8039 and a microprocessor conductivity meter (WTW LF
196), respectively.

For larval sampling, each station was surveyed thoroughly and repeatedly for two hours in an
upstream direction (,,catch per unit effort*), using a hand net (18 cm diameter, mesh size = 1 mm).
Information on the microhabitat of each individual larva was obtained by recording the following
parameters: water depth from the tarsus of the larva’s fore leg up to the water surface to the nearest
mm using rulers; larval position within the stream bed; riffle or pool situation; direction of the larva
with respect to water flow; larva burrowed or at the sediment surface. Subsequently, larvae were
transferred individually into coded plexiglas boxes and the larval position within the stream bed was
marked by a tiny coded flag. Water velocity acting at larval positions (,,nose current velocity*) was
measured using the propeller-meter in its downmost position and correcting these velocity data
according to the body height of the larvae, using dimensionless diagrams for uniform turbulent flow
given by DINGMAN (1984). At extremely shallow locations (water depth < 60 mm), drops of potassium
permanganate were released by means of a pipette at a depth corresponding to the larva’s height,
enabling the determination, of the travelling time of the colour cloud over a given distance (= 10 cm)
using a stopwaich. After species and sex were identified, head width, length of wing sheets, mentum
diameter, tibial length and total length were measured to the nearest 0.1 mm in the field with callipers.

In order to obtain information on substrate composition, sediment samples (= 1.5 dm®) were taken
at larval locations, dried in an oven to constant weight and sieved using a sieving machine (Retsch VS
1000) with mesh widths ranging from 20 pm to 20 mm.

The statistical packages SPSS 6.0 for Windows and STATISTICA for Windows were used for
statistical analysis.
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RESULTS

LARVAL INSTARS

From May 1997 to April 1998 a total of 688 Cordulegaster heros and 314 C.
bidentata larvae were collected. Based on frequency distribution histograms of head
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Fig. 2. Frequency distribution histograms of head width measurements
(male and female larvae; early instars whose sex could not yet be identified)
of Cordulegaster bidentata (n = 314) and C. heros (n = 688). Instar
numbers are marked at the top (E = early instars).

width measurements we
were able to identify the
instars F to F-4 (Fig. 2)
from the 14 instars
reported for the genus. In
addition, a small number
of larvae younger than F-
-4 was collected. In
both species, biometric
parameters within a given
instar such as head width
(Fig. 2), total length, wing
sheet length, tibial length,
mentum  width  and
mentum length were
consistently greater in
female larvae. Instar
grouping for both species
was _ checked by
correlating each larval
instar number with its In-
-transformed mean head
width, yielding highly
significant regressions.
The proportion of the
variance of head width
due to the regression of
head width on instar
number was > 0.99 in all
cases.

In C. heros, on two

sampling dates and in C. bidentata, on four sampling dates (from a total of 12 dates)
the sex ratio of larvae was significantly different from 1:1 (x2 test; P> 0.05), showing
an excess of female larvae. Based on exuviae (n = 91), however, the sex ratio in
both species was not significantly different from equality.
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LARVAL LIFE CYCLE

The instar composition of larval samples for each month is shown in Table I. At
a given sampling date, several instars per species could be collected simultaneously.
In June, larval samples consisted mostly of instars F-3, F-4 and earlier instars in C.
heros; this peak shifted to F-1 to F-3 instar larvae in December. In April, the
penultimate and in May the ultimate instar larvae were most abundant. In June, the
proportion of final instar larvae decreased significantly, indicating the emergence
period which started in late May and lasted until early July. Instar distribution in C.
bidentata roughly followed the same pattern (Tab. I).

MICROHABITAT CHARACTERISTICS

Both Cordulegaster species clearly preferred small sediment grain sizes (Fig. 3),
this trend being even more pronounced in C. bidentata. For example, 71.7% of the
latter species was collected in fine, medium and coarse sand substrate (grain size =

Table I
Life history data of Cordulegaster heros and C. bidentata in the Weidlingbach from May 1997 to April 1988,
showing the proportion (%) of larvae within a given instar (F, F-1, F-2, F-3, F4; E = early instars). Total numbers
of larvae collected at each month are given in brackets. For both species, emergence took place from late May

until early July
Cordulegaster heros

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

100) (105) @3 (95 98 (@3 @8 25 @& (33 69
F 290 95 23 95 102 151 107 40 20.8 152 156
F-1 230 133 47 74 225 260 321 360 208 212 406
F-2 9.0 95 302 295 296 233 321 280 292 367 172
F-3 6.0 238 279 253 255 206 179 200 167 212 188
F4 210 276 302 290 82 82 36 4.0 83 6.1 78

E 120 163 47 9.5 4.1 6.9 3.6 8.0 4.2

Cordulegaster bidentata

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

(B8 @) (23 @®) @) Gy ayp @ O (G )
F 158 313 261 167 125 200 91 222 286 107
F-1 500 266 174 133 175 200 273 250 556 429 357
F2 179 188 130 283 225 133 182 11.1 143 286
F-3 158 375 217 150 350 200 91 750 111 143 179
F4 79 125 174 150 125 167 91 7.1

E 26 1.6 44 1.7 100 100 273
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0.063-2.0 mm), but only 60.8% of C. heros larvae. On the other hand, 35.4% of C.

heros larvae inhabited fine, medium and coarse gravel (grain size = 2.0-63 mm),

of C. bidentata and 3.2% of C. heros

but only 23.6% in C. bidentata. In stony substrate (grain size > 63 mm) the proportion
larvae were associated with particulate organic matter. Differences of Q,-means

of both species was 0.6%. In addition, 4.1%

of the two Cordulegaster species were highly significant (t and F-test; P < 0.001).

Nose current speeds (= water velocities corrected for upper body edge) at larval

locations ranged fromOto1llcms

-1 (Fig. 3), with up to 38.2% of C. bidentata larvae
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Fig. 3. Sediment type, water depth and nose current speed preference histograms of Cordulegaster bidentata (n

+ S.D. Current

314) and C. heros (n = 688). In the inserts, data are given as means (or median grain size Q)
speed data are corrected according to the maximum body height of larvae (= “nose current speed”), using
dimensionless diagrams for uniform turbulent flow given by DINGMAN (1984).
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and up to 23.3% of C. heros larvae collected at completely stagnant microhabitats.
In the former species, the mean nose current velocity was 2.33 cm s, in the latter
species 2.56 cm s, and these differences were highly significant (P < 0.01; log+1)-
transformation and subsequent t-test for comparing means and F-test for comparing
variances).

Over a whole hydrological year, water depth at larval positions ranged from less than
1 cmupto 20 cmin C. heros and up to 16 cmin C. bidentata (Fig. 3). The mean water
depth at the spots of C. bidentata larvae over the year was 4.4 cm, for C. heros larvae
5.6 cm. The means were highly significantly different (P < 0.001; t-test for comparing
means and F-test for comparing variances). Negative correlations between water depths
of larval locations and water temperature were observed (Fig. 4).

During the observation period, a high proportion of the larvae of both species (C.
bidentata: 70-100%; C. heros: 41-90%; Fig. 5) were burrowed in fine sediments,
either totally or displaying the typical ambush posture with only head and anal
pyramid visible. Only few larvae were positioned on the sediment surface,
uncovered. Although not significant (P > 0.05; Spearman‘s rank correlation
coefficient), more larvae of both species were collected within the sediments in
winter than in summer (Fig.5).
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Fig. 4. Relationship between water temperature (°C) and water depth preferences (cm) of larvae of (a)
Cordulegaster heros and (b) C. bidentata. Data are given as monthly arithmetic means + S.D. Dots: regression
lines. The regression equations were highly significant; coefficients of determination are shown in the upper

right inserts. Each mean is based on 24-100 data in (a) and 4-64 data in (b).
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LONGITUDINAL ZONATION PATTERNS

In order to detect longitudinal zonation patterns of environmental variables which
might be responsible for the spatial distribution patterns observed in the
Weidlingbach catchment, a principal component analysis of site-specific abiotic data
listed in Table II was made. According to the Kaiser criterion, three factors displayed
eigenvalues > 1; however, the third eigenvalue was close to the limit of 1 and we
therefore retained only two factors. As expected, the analysis revealed high factor
loadings for parameters associated with Strahler stream order (= factor 1), such as
stream width, water depth, discharge, coarse sediment proportion and maximum
water temperature, but also for dissolved oxygen. The second factor yielded high
loadings for hardness and conductivity (Tab. II). Therefore, the set of abiotic
parameters measured at each sampling site could be reduced to a pair of variables
representing the two factors. Differences in larval abundance between first and
second stream order sites were highly significant (P=0.001) in C. bidentata (mean
larval density per 10 m
shore length 4.1 versus
2.3), but not significant (P
> 0.05) in C. heros (7.8
versus 6.2 larvae per 10 m
shore length; Kruskal-
-Wallis ANOVA). Differ-
ences between second and
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Fig. 5. Positions of larval locations, a: Cordulegaster heros (n=688); a high proportion of fine
b: C. bidentata (n = 314) in the Weidlingbach watershed. — [Black = sediments; due to the
burrowing larvae; — striped = larvae at sediment surface, heavily covered
gvm;niﬁ?nfuémp:dh:?: mﬁgﬁm their close contact with the
by sediment particles; — monthly arithmetic means of water ~Calcareous sandstone and
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Table I
Factor loadings of abiotic parameters at the twelve larval sampling sites as obtained from a principal component
analysis with two factors (1 and 2) extracted and varimax rotation. Loadings > 0.7 are underlined

Abiotic parameters Factor 1 Factor 2
Minimum stream width (m) 0.894 0.136
Maximum stream width (m) 0.756 0.297
Maximum stream depth (m) 0.975 0.015
Annual minimum water temperature (°C) 0.390 -0.576
Annual maximum water temperature (°C) 0.809 0.018
Annual minimum discharge (m? s) 0.943 0.038
Annual maximum discharge (m? s) 0.961 0.038
Annual minimum dissolved oxygen (mg 1) -0.041 -0.343
Annual maximum dissolved oxygen (mg I'') 0723 0.206
Percentage of coarse sediment (pebbles, cobbles) 0.970 0.108
Strahler stream order 0.884 0.275
Annual minimum hardness (German degrees) -0.186 £0.940
Annual maximum hardness (German degrees)  ° -0.156 0.957
Annual minimum conductivity (uS cm™') -0.091 20.960
Annual maximum conductivity (uS cm™') -0.068 -0.964

very hard (up to 34 German degrees), with conductivity values up to 1100 pS cm’.
Such habitat templates are typical for first order streams where stream width is
approximately 2.5 m, water depth approximately 27 cm and discharge < 3.2 15!,
On the other hand, typical C. heros sites are of second stream order with stream
width up to 3.4 m, water depth up to 30 cm and discharge of up to 60.01s'. At such
locations, conductivity and hardness values are generally lower than at C. bidentata
sites, reflecting their increasing distance from the sources. Whereas first order sites
may be classified as excellent for C. bidendata and second order sites as excellent
for C. heros, the abundance at ,fair” locations was significantly lower in C. bidentata
and only insignificantly in C. heros (Tab. III).

DISCUSSION

From the six European Cordulegaster species (ASKEW, 1988), three are reported
from Austria: C. boltonii (Donovan) and the two species studied in detail in the
present study. Among the latter, C. bidentata inhabits mountainous regions in Spain,
France, Belgium, Germany, central Europe as well as eastern Europe, the Balkan
and Italy (ASKEW, 1988). In Austria, it is known from all nine federal states
(LAISTER, 19963, 1996b; LODL, 1976; PUSCHNIG, 1930; RAAB & CHWALA,
1995; STARK, 1976; THEISCHINGER, 1971). According to BUCHWALD (1988),
C. bidentata is abundant at shadowy, calcareous spring locations (hardness = 13.8-
-20.6 German degrees, conductivity 330-460 pS cm’', pH = 7.1-8.2) within dense
wood vegetation where larvae inhabit fine sediments at shallow microhabitats
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(BLANKE, 1984; ROHN, 1992; VOLKER, 1955). This was also observed in the
present study: C. bidentata clearly preferred first order stream sections close to the
sources where discharge was < 3.2 15!, the slopes were steep (up to 150%o ) and the
proportion of small sediment grain sizes (e.g. medium sand, grain size = 0.2-0.6
mm) was high. Due to the soil geology and the short distance to the source, hardness
and conductivity values were high (up to 34 German degrees and up to 1100 pS
cm!). The third Austrian species of this genus, C. heros, is known from eastern
Austria (Lower Austria, Styria, Burgenland and Carinthia (MULLER, 1999; RAAB
& CHWALA, 1995; RESSL, 1983; ST. QUENTIN, 1952, 1957; STARK, 1981a,
1981b; THEISCHINGER, 1976), Hungary (AMBRUS, 1992), Slovenia
(KOTARAC, 1997), Croatia and Greece (THEISCHINGER, 1979). Generally, C.
heros inhabits running waters at lower altitudes and in the lowlands. In the
Weidlingbach basin, this species preferred second order tributaries with discharge
ranging from 0.25 to 6.01s™!, where slopes were not so steep (approximately 50%o )
and the proportion of fine sediments was significantly lower than in first order stream
sections. Due to the deposition of calcium carbonate upstream, hardness and

Table I
Ranking of sampling sites 1 - 12 (excellent, fair or poor breeding locations) based on larval densities of
Cordulegaster heros and C. bidentata within the Weidlingbach catchment. Larval densities at sampling sites of
firstand second stream order were highly significantly different in C. bidentata (n = 120; Kruskal-Wallis-ANOVA,
p =0.001) but not significantly different in C. heros (n = 120; p > 0.05). Differences between second and third/
fourth stream order sites were highly significantly different for both species (p = 0.007)

Breeding habitat quality
Parameter excellent fair poor
bidentata / heros bidentata / heros bidentata / heros
Mean larval density (n per 10 m ‘4134120 227+ 139 0.0/00
shore length + 95% C.L.) / /
7.84 +2.26 6.16 + 2.00
Annual range of maximum water 6-27/8-30 8-30/6-27 3570/ 35-70
depth (cm)
Annual range of water 0.0-18.0/0.0-180 0.0-18.0/0.0-180 0.5-20.0/ 0.5-20.0
temperature (°C)
Annual range of discharge (1 s) 0.1-32/0.3-60 03-6.0/0.1-32 7.5-195.0/7.5-195.0
Annual range of total hardness 17.0-34.0/ 164280  164-280/170-340 17.0-22.0/17.0-220
(German degrees)
Annual range of conductivity 545-1100 / 480-909 480-909/ 545-1100 620-760 / 620-760
@S cm)
Annual range of stream 0.15-247/051-340  0.51-340/0.15-247 1.24-9.25/1.24925
width (m)
Strahler stream order 1/2 2/1 34/34
Sampling sites P1, P3,P7, P8, P9 P2, P4, P5, P6, P10 P11, P12
/ / /
P2, P4, PS, P6, P10 P1,P3, P7,P8, P9 P11, P12
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conductivity values were also lower (up to 26 German degrees and up to 909 uS
cm™) at typical C. heros sites. Despite these different preferences, centres of
maximum abundance of both species were linked by long stretches of stream bed
where C. bidentata and C. heros were syntopic, although at reduced densities. Stream
stretches inhabited by both species correspond to the ,.,salamander region* proposed
by THIESMEIER (1992), where fish are lacking and Salamandra s. salamandra
L. reaches its abundance peak (BAUMGARTNER et al., 1999). At such locations,
firesalamander larvae and Cordulegaster species act as top predators, utilizing the
same food items and preying on each other. Although Cordulegaster larvae are
occasionally classified as cold-stenotherms (e.g. DITTMAR, 1955), they generally
are very tolerant to higher water temperatures up to 18°C (present study) or even
more than 20°C in southern France (SCHUTTE, 1997); they may perhaps better be
described as cold-adapted eurytherms (BUCHWALD, 1988).

Over the year, mean larval densities at excellent breeding locations were 4.13
larvae per 10 m shore length in C. bidentata and 7.84 larvae per 10 m shore length
in C. heros (Tab. IIT). Maximum larval densities were observed in June (C. bidentata;
36 larvae per 10 m shore length) and in September (C. heros; 32 larvae per 10 m
shore length). These observations match data given by DONATH (1988) for C.
boltonii (20 larvae per 10 m shore length) and ROHN (1992) (1.5-10.7 larvae per
10 m shore length). Investigations by DOMBROWSKI (1989), SALOWSKY (1989)
and BISSINGER (1996) yielded 2-5 specimens per 0.09 m2, 6-52 larvae per m? and
10-29 specimens per CPUE hour, respectively. Generally, Cordulegaster larvae
favour microhabitats situated in shallow, lentic stream sections (BUCHWALD, 1988;
DONATH, 1988). This was also the case in the present study, where 78% of C.
bidentata larvae and 69% of C. heros larvae were collected near the banks and away
from the main current. As preferred food items are ad libitum throughout the stream
bed of typical Cordulegaster habitats (DOMBROWSKI, 1989), the reduced water
flow and the abundance of fine sediments near the banks most probably creates this
distribution pattern. Of the two species studied in detail, C. bidentata larvae preferred
slightly lower mean nose current speeds than C. heros larvae (2.3 and 2.6 cm s7,
respectively; corrected for the upper body edge). Recorded maximum nose current
speeds were 11 cm s™ for both species. Given as mean current speeds measured at
40% depth, the corresponding means were 4.0 and 4.3 cm s?, respectively
(maximum: 21 cm ™). These values are in the lower range of current speeds reported
by BUCHWALD (1988) for larvae of C. bidentata (10 cm s') and C. boltonii (11-
-15cmss™), by DONATH (1988) for C. boltonii (15-30 cm s) and by FERRERAS
ROMERO (1988) for the same species (6-100 cm s™!).

Preferred water depths at larval locations ranged from 0-16 cm (mean = 4.4 cm)
in C. bidentata and from 0-19 cm (mean = 5.6 cm) in C. heros. BUCHWALD (1988)
observed water depths of 2-150 cm at brooks inhabited by C. boltonii and of 2-20
cm at streams where C. bidentata larvae were abundant. In addition, we recorded a
negative correlation between water temperature and water depth of larval locations,
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which can be interpreted as an avoidance of freezing since ice blocks first develop
in shallow waters.

Other workers agree in that Cordulegaster larvae clearly prefer small sediment
grain sizes (sand to medium gravel fraction; approximately 0.02-10 mm) and/or
detrital deposits (e.g. BOCKER, 1995; DOMBROWSKI, 1989; DONATH, 1988;
KOTARAC, 1997; PRODON (1976); SALOWSKY, 1989; SCHMIDT, 1986). This
was also the case in the present study, where 40-50% of both species preferred
medium sand (0.2-0.6 mm; Fig. 3). Within this category, however, the median grain
size (Q,,) was significantly lower in C. bidentata (2.04 mm) than in C. heros (2.79
mm). Differences of habitat sediment grain sizes are also reported for C. boltonii
(0.016-0.3 mm) and C. bidentata (0.022-0,74 mm; BOCKER, 1995). When
comparing substrate preferences of different instars within the Weidlingbach basin,
small larvae clearly preferred large patches of fine sediments where heterogeneity
was low, whereas large larvae were frequently collected at patches with high substrate
heterogeneity, e.g. rather small sandy patches surrounded by coarse gravel particles,
cobbles and stones.

Throughout the observation period, 70-100% of C. bidentata and 41-90% of C.
heros were burrowed in fine sediments, either totally or displaying the typical ambush
posture with only head and anal pyramid visible. Even moultings were observed to
take place within the sediments. Therefore, both species may be classified as ,,shallow
burrowers* sensu CORBET (1999). Larvae removed from the substrate took only
1-2 minutes to regain their former ambush posture by digging with mid- and hindlegs
as well as the abdomen. During the winter months, the proportion of burrowing
larvae was generally higher in both species, and C. heros larvae were found up to 4
cm deep in the sediments. This was also observed in C. bidentata (ROBERT, 1959),
whereas DOMBROWSKY (1989) did not detect any differences in borrowing
behaviour between winter and summer. BOCKER (1993), BUCHWALD (1988) and
HEIDEMANN & SEIDENBUSCH (1993) agree that collecting Cordulegaster
larvae is especially difficult in winter, perhaps because in winter larvae burrow even
deeper than 10 cm. Burrowing postures may be also a function of sediment grain
size; PRODON (1976) observed that C. boltonii larvae were almost completely
covered by sediments within fine grain sizes (< 0.125-0.25 mm), whereas they were
almost completely uncovered and at the sediment surface within coarse grain sizes
of 8 mm. Besides being useful for ambushers using optical and tactile stimuli
(HEYMER, 1973), the burrowing behaviour of Cordulegaster larvae may also
increase drift resistance and may be helpful in hiding from predators such as
firesalamander larvae.

The sex ratio of exuviae was not significantly different from equality in C.
bidentata, and C. heros, although a marked excess of female larvae could be observed
on 4 sampling dates in the former and on two dates in the latter species. An excess
of females has been also observed in Lestidae, Gomphidae (SUHLING & MULLER,
1996) and in the genus Cordulegaster (DONATH, 1988); this is probably because
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resources may be better utilized by the bigger female larvae (intraspecific
competition). Differences in head width between sexes were observed from the final
instar back to instar F-5 or F-6 (Fig. 2). Significant differences in size between
sexes was also observed in C. boltonii by ROHN (1992). At emergence, sex ratios
range from 30.7-72.4 in Gomphidae, 38.9-52.7 in Corduliidae, 46.5-64.4 in
Aeshnidae and 39.5-49.2 in Libellulidae (CORBET & HOESS, 1998).
Throughout the year, several larval instars could be collected simultaneously in
C. bidentata and C. heros, reflecting the overlap of cohorts due to the long larval
development in this genus. DOMBROWSKI (1989) reported 14 instars (prolarva
not included) in C. bidentata and VERSCHUREN (1991) observed the same number
of instars in C. insignis Schneider. In C. bidentata, instars 9-13 cease growth in the
winter months, and the penultimate instar undergoes diapause development which
is induced by longday conditions (DOMBROWSKI, 1989), providing a
synchronisation mechanism for emergence. '

REFERENCES

AMBRUS, A., K. BANKUTI & T. KOVACS, 1992. The Odonata fauna of Kisalf6ld and the West-
-Hungarian marginal zone. Tanulmanyok 2: 1-81.

ASKEW, R.R., 1988. The dragonflies of Europe. Harley Books, Colchester/Essex.

BAUMGARTNER, N., A. WARINGER & J. WARINGER, 1999. Hydraulic microdistribution patterns
of larval fire salamanders (Salamandra salamandra salamandra) in the Weidlingbach near Vienna,
Austria. Freshw, Biol. 41: 31-41.

BISSINGER, V., 1996. Zweigestreifte Quelljungfer Cordulegaster boltoni Donovan 1807 und Kleine
Zangenlibelle Onychogomphus forcipatus Linné 1758 (Anisoptera, Odonata) im Mooswald bei
Freiburg: larvalokologische Untersuchungen in Fliefigewdssern unter besonderer
Beriicksichtigung der thermischen Verhdlmisse. JiplArb, Univ. Freiburg/Br.

BLANKE, D., 1984. Zur Lebensweise von Cordulegaster bidentatus Selys in Siidniedersachsen. Libellula
3: 18-22.

BOCKER, L., 1993. GroBenspezifische Verteilung der Larven von Cordulegaster boltoni (Donovan) und
C. bidentatus (Selys) iiber den Bachlauf: Untersuchungen an allo- und sympatrischen Béchen
im Giessener Raum. Libellula 2: 225-247.

BOCKER, L., 1995. Analyse der Biotopanspriiche der Larven von Cordulegaster boltoni (Donovan) und
Cordulegaster bidentatus (Selys) im Gieflener Raum als Grundlage fiir die Bioindikation fiir
quelinahe Fliefgewdsser. DiplArb., Univ. Miinster.

BUCHWALD, R., 1988. Die Gestreifte Quelljungfer Cordulegaster bidentatus (Odonata)  in
Siidwestdeutschland. Carolinea 46: 49-64.

CORBET, PS., 1999. Dragonflies: behaviour and ecology of Odonata. Harley Books, Colchester.

CORBET, PS. & R. HOESS, 1998. Sex ratio of Odonata at emergence. Int. J. Odonatol. 1: 99-118.

DIETRICH, F. & J.A. WARINGER, 1999. Distribution patterns and habitat characterization of Elmidae
and Hydraenidae (Insecta: Coleoptera) in the Weidlingbach near Vienna, Austria. Int. Revue
Hydrobiol. 84: 1-15.

DINGMAN, S.L., 1984. Fluvial hydrology. Freeman, New York.

DITTMAR, H., 1955. Ein Sauerlandbach: Untersuchungen an einem Wiesenmittelgebirgsbach. Arch.
Hydrobiol. 50: 305-522.

DOMBROWSKI, A., 1989. Okologische Untersuchungen an Cordulegaster bidentatus Selys, 1843.
DiplArb., Univ. Gottingen.



408 C. Lang, H. Miiller & J.A. Waringer

DONATH, H., 1988. Untersuchungen in einer Larvenkolonie von Cordulegaster boltoni (Donovan) in
der Niederlausitz. Libellula 6: 105-116.

FERRERAS ROMERO, M., 1988. New data on the ecological tolerance of some rheophilous Odonata
in mediterranean Europe (Sierra Morena, southern Spain). Odonatologica 17: 121-126.
FRASER, EC., 1929. A revision of the Fissilabioidea (Cordulegasteridae, Petaliidae and Petaluridae)

(order Odonata). Part 1. Cordulegasteridae. Mem. Indian Mus. 9: 69-167.

HADL, G., M. DOKULIL, R. HACKER, H. HEGER, U. HUMPESCH, M. KATZMANN, E. KUSEL,
H. LEW & P. MEISRIEMLER, 1976. Okologische Auswirkungen von Umweltverinderungen
auf FlieBgewisser in GroBstadtnihe. Verh. Ges. Okol. 1976: 463-471.

HEIDEMANN, H. & R. SEIDENBUSCH, 1993. Die Libellenlarven Deutschlands und Frankreichs.
Handbuch fiir Exuviensammler. Erna Bauer, Keltern.

HEYMER, A., 1973. Das hochspezialisierte Beutefangverhalten der Larve von Cordulegaster annulatus

" (Latr., 1805), eine tkologische Einnischung (Odonata, Anisoptera). Revue Comp. Anim. T: 103-
-112.

JURZITZA, G., 1965. Gedanken zu einigen Problemen des ,Rassenkreises Cordulegaster boltonii
(Dbnovan)“ (Odonata, Anisoptera). NachrBl. bayer. Ent. 14: 4-8.

KOTARAC, M., 1997. Altas of the dragonflies (Odonata) of Slovenia. Center za kartogratijo favne in
flore, Miklave-na-Dravskem-polju.

LAISTER, G., 1996a. Bestand, Gefihrdung und Okologie der Libellenfauna der GroBstadt Linz. Naturk.
Jb. Linz 40/41: 9-305.

LAISTER, G., 1996b. Verbreitungsiibersicht und eine vorldufige Rote Liste der Libellen Oberosterreichs.
Naturk. Jb. Linz 40/41: 307-388.

LANG, C., 1999. Zur Biologie und Mikrohabitatwahl der Larven von Cordulegaster heros Theischinger,
1979 und Cordulegaster bidentata Selys, 1843 (Insecta: Odonata) im Weidlingbach
(Niederdsterreich). DiplArb., Univ. Wien.

LODL, M., 1976. Die Libellenfauna Osterreichs. Linzer biol. Beitr. 8: 135-159.

MULLER, H., 1999. Phiinologie und Okologie der Imagines von Cordulegaster heros Theischinger, 1979
und Cordulegaster bidentata Selys, 1843 (Insecta: Odonata) am Weidlingbach (Niederdsterreich).
DiplArb., Univ. Wien.

PRODON, R., 1976. Le substrat, facteur écologique et éthologique de la vie aquatique: observations et
expériences sur les larves de Micropterna testacea et Cordulegaster annulatus. PhD thesis, Univ.
Lyon.

PUSCHNIG, R., 1930. Von der Tierwelt des Rosentales. Carinthia II (Sonderh.) 1: 83-133.

RAAB, R. & E. CHWALA, 1997. Rote Liste ausgewdihlter Tiergruppen Niederdisterreichs: Libellen
(Insecta: Odonata). 1. Fassung 1995. Amt der NO Landesregierung, Abteilung Naturschutz, Wien.

RESSL, F.,, 1983. Die Libellen des Untersuchungsgebietes mit Hinweisen auf die tiergeographische
Wertung einiger Arten. In: Naturkunde des Bezirks Scheibbs - Tierwelt (2), pp. 202-220. Radinger,
Scheibbs.

ROBERT, P-A., 1959. Die Libellen (Odonaten). Kimmerly & Frey, Bern.

ROHN, C., 1992. Beitrag zur Okologie der beiden Quelljungfernarten Cordulegaster boltoni (Donovan
1807) und C. bidentatus Sélys 1843 unter besonderer Beriicksichtigung syntoper Vorkommen
(Odonata: Cordulegasteridae). Jh. Ges. Naturk. Wiirttemberg 147: 299-323.

SALOWSKY, A., 1989. Untersuchungen zum Larvenbiotop von Cordulegaster bidentatus in Waldbdichen
um Freiburg i. Br. DiplArb., Univ. Freiburg/Br.

SCHMIDT, E., 1986. Zur Habitatpriferenz von Cordulegaster boltoni und Calopteryx splendens an einem
Mittelgebirgsbach im Spessart: Nachweis der Entwicklung von C. splendens in stehendem Wasser.
Libellula 5: 63-69.

SCHUTTE, C., 1997. Egg development and early instars in Cordulegaster boltonii immaculifrons Selys:
a field study (Anisoptera: Cordulegastridae). Odonatologica 26: 83-87.

ST. QUENTIN, D., 1952. Der Rassenkreis Cordulegaster boltoni (Donovan) (Odonata). Ent. NachrBl.
Wien 4: 73-75.



Larval distribution patterns in Cordulegaster heros and C. bidentata 409

ST. QUENTIN, D., 1957. Zwei bemerkenswerte Cordulegaster-Formen (Odonata) aus der Sammlung
des Naturhistorischen Museums in Wien. Annin naturh. Mus. Wien 61: 295-296.

STARK, W., 1976. Zum Erforschungsstand der Libellen in der Steiermark Ber: ArbGem. dkol. Ent. Graz
7: 31-33.

STARK, W., 1981a. Bemerkenswerte Libellenfunde aus dem Burgenland (Insecta: Odonata). Natur
Umwelt Burgenland 4: 13-16.

STARK, W., 1981b. Rote Liste gefdhrdeter und seltener Libellenarten der Steiermark (Odonata). Steirischer
Naturschutzbrief (Sonderh.) 3: 59-62.

SUHLING, F. & O. MULLER, 1996. Die Fiufjungfern Europas. Westarp Wissenschaften, Magdeburg
& Spektrum, Heidelberg [Neue Brehm-Biicherei vol. 628).

THEISCHINGER, G., 1971. Bemerkungen zu interessanten Libellenarten aus Oberdsterreich. Naturk.
Jb. Linz 1971: 17-20. .

THEISCHINGER, G., 1976. Cordulegaster charpentieri (Kolenati 1946) in Oberésterreich (Odonata,
Cordulegasteridae). Naturk. Jb. Linz 22: 113-122.

THEISCHINGER, G., 1979. Cordulegaster heros sp. nov. und Cordulegaster heros pelionensis ssp. nov.,
zwei neue Taxa des Cordulegaster boltoni (Donovan)-Komplexes aus Europa (Anisoptera:
Cordulegasteridae). Odonatologica 8: 23-38.

THIESMEIER, B., 1992, Okologie des Feuersalamanders. Westarp Wissenschaften, Essen.

VERSCHUREN, D., 1991. Phylogenetic significance of antennal growth patterns at two levels of dragonfly
taxonomy: The example of Cordulegaster (Anisoptera, Cordulegasteridae). Odonatologica 20:
321-331. .

VOLKER, H., 1955. Beobachtungen iiber Lebensgewohnheiten der beiden deutschen Libellenarten
Cordulegaster annulatus (Latreille) und bidentatus Selys. Beitr. Naturk. Niedersachs. 8: 80-85.



