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Abstract

From July 1990 to July 1991 the benthic community of the open water zone of Neusiedler See, one of the
largest shallow lakes in central Europe, was studied with special reference to the chironomids. Only 16 spp . of
chironomids inhabited the sediment of the open water zone . The numerically dominant species were Tanypus
punctipennis, Procladius cf. choreus, Microchironomus tener and Cladotanytarsus gr. mancus . Most invertebrates
showed a distinct horizontal distribution . Species richness and abundance were highest on muddy and organically
rich substrates near the reed belt . Chironomid densities in this area reached 54,000 ind m-2 and biomass was 2 .0 g
dw m-2 . The two tanypod species accounted for more than 90% of the standing stock of the macrozoobenthos near
the reed belt . The sediment of the open lake and of the eastern part of Neusiedler See was composed of compact
clay and sand as a result of the erosion of fine material due to strong waves and currents . Individual densities in
these areas were much lower. Production of the numerically dominant species T punctipennis was estimated using
the increment-summation method, whereas production of the remaining species was estimated using an empirically
derived multiple regression . Mean annual production of chironomids exceeded 6 g dw m -2 yr 1 near the reed belt,
but it reached only 0.55 g dw m -2 yr-1 in the open lake . These values are rather low compared with other lakes
and can be explained by unfavourable sediment conditions due to wave action and by physiological stress due to
the water chemistry .

Introduction

Neusiedler See and the co called "Seewinkel" east of
the lake with its numerous salt pans is one of the largest
wetlands in central Europe. In spring 1994 the south-
ern part of the lake was declared a national park by
the Austrian government. Limnological research in
this area began at the beginning of this century . The
first extensive study, however, was initiated during the
International Biological Programme in the 1970s and
provided the first detailed information about the lake
(Loffler, 1979). Since then, studies of phytoplankton
and zooplankton have continued (for references see
Wolfram, 1993) . The benthic community was studied
by Schiemer et al. (1969), Schiemer (1978a, 1978b,
1979) and Jungwirth (1979b) .

The fish fauna, especially its trophic relationships
to zooplankton and zoobenthos, was the subject of a

thorough project conducted from 1990 to 1993 (Wais,
1993; Herzig et al., 1994). As part of this project,
the benthos was studied from 1990 to 1991 (Wolfram,
1993). The current paper presents results on chirono-
mids of the open water zone of Neusiedler See, espe-
cially their spatial distribution in relation to abiotic
parameters and secondary production . The chirono-
mids of the reed belt have not been studied quanti-
tatively and will be treated in a faunistic survey in a
forthcoming paper.

Description of the lake

Neusiedler See (47°82' N, 16°77' E, alt . 115 m) is
a large (321 km2), shallow, meso- to eutrophic lake
in central Europe, situated on the Austrian-Hungarian
border (Fig . 1). It is surrounded by a broad reed belt
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Fig.] . Map of Neusiedler See. Al, A2, A3, B1, B2, C . . . sampling stations. Sampling points in the Bay of Illmitz (C) are given in Fig . 5(B) .



(Phragmites australis), which covers more than half
of the lake area .

One of the main characteristics of Neusiedler See
is its extreme shallowness (Z, , = 1 .1 m, Z. = ca .
2 m). In combination with strong and frequent wind
events, this leads to erosion of the lake bottom and a
high concentration of suspended solids (up to 800 mg
dw 1-1) . Continuous mixing is also responsible for a
highly variable temperature regime . In summer, tem-
peratures rise to 28°C, whereas in winter extremely low
temperatures (around 1°C) prevail for several weeks .
Nevertheless, rapid changes in temperature also can
occur within a few hours. Chemically the lake is char-
acterized by high alkalinity (7 .5-14.6 meq 1-1 ) and
conductivity (1150-2800 µS, 18°C), which also vary
throughout the year .

Methods

The benthic community was studied from July 1990
to July 1991 . Four stations were sampled regularly
at intervals of two to five weeks (Fig . 1, Table 1) .
Three stations were situated along a transect in the
north of the lake: Station Al was near the reed belt
at a distance of 10 m . A2 was 500 m from the reed
belt, and A3 represented the open lake at a distance
of 2 km to the nearest shore . The fourth station was
in the Bay of Illmitz, 10 m from the reed belt, and
represented the eastern part of the lake . On 22 and 23
January and on 3 July 1991, a transect in the Bay of
Illmitz was sampled for a more detailed investigation
of the horizontal distribution and sediment preferences
of benthic invertebrates .

Chemical and grain size analyses were conducted
on 22 and 23 January and on 17 September 1991 . In
addition to the northern transect A1-A3 and a number
of stations in the Bay of Illmitz at various distances
from the reed belt, two stations in the Bay of Rust
were sampled . The first one (B 1) was situated in the
southern part of the bay 10 m from the nearest shore,
whereas B2 was located at the edge of the reed belt
(distance: 1 m from the reed) (Fig . 1) .

Zoobenthos was sampled using a Gilson-Corer
(diameter 6 cm, area 28 cm 2 ) . For chemical and grain
size analyses three cores were taken at each sampling
station; for animal analyses another five cores were
taken. The uppermost 3 cm were analyzed for abiot-
ic parameters . To investigate the vertical distribution
of benthic invertebrates, sediment cores were divid-
ed into 3 cm sections . The sediment structure did not

Table 1 . Sampling schedule for the regularly sampled stations .
On sampling dates marked with an asterisk (*) a sieve with a
mesh size of 250 µm was used . A plus (+) symbolizes dates on
which the material was strained through 150 µm .

Sampling date

	

Al

	

A2

	

A3

	

C1

03.07 .1990
17 .07 .1990
26/29 .07 .1990
09/12 .08 .1990

	

*

	

*

	

*

	

+
04.09.1990

	

+

	

+

	

+
11 .09.1990

	

+
26.09 .1990

	

+
10.10 .1990

	

+

	

+

	

+
22/25.01 .1991

	

+

	

+

	

+
07.02.1991

	

+
25.03 .1991

	

+
06/08 .04 .1991

	

+

	

+

	

+

	

+
29/30.04 .1991

	

+

	

+

	

+

	

+
14.05 .1991

	

+
03/04 .06 .1991

	

+

	

+

	

+

	

+
02/03.07 .1991

	

+

	

+

	

+

	

+

*
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allow for a finer zonation except at station A 1, where
on a few sampling dates the core was divided into 1 cm
sections .

Sediment was sieved through a 250 pm mesh dur-
ing July and on the first date of August 1990. A
mesh size of 150 pm was used for the remaining sam-
pling periods (Table 1) . Samples were preserved in 5%
formaldehyde .

The percentage of total nitrogen N1o1 and organic
carbon C°rg in the sediment was analyzed at the Bio-
logical Station Lunz by means of a LECO CHN 600
Analyzer. Total phosphorus Pt°t was measured pho-
tometrically (720 nm) after addition of molybdenum-
sulphuric acid-reagent to the sample .

Grain size analyses were conducted by wet sieving
using mesh sizes between -1 4~ (= 25 pm) and 5 .32 4~
(= 2 mm). -1) units were introduced by Krumbein (1934)
and are calculated as follows :

41) units = -loge d

(where d is the grain diameter [mm]) .

Biomass of chironomids was estimated as follows :
The length of a representative number of 3rd and 4th
instars of a species was measured . The length of the
first and, in the case of small speces, also the sec-
ond instar was either measured directly or estimated
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assuming a mean length increase of 160% between
subsequent instars (mean for species from Neusiedler
See). The length of less common species was estimated
according to the length of similarly sized species . The
mean length of each instar was then used in a length-
weight-regression taken from the literature to calculate
a mean biomass . For Chironominae two regressions
by Mackey (1977) were used: for small Chironom-
inae and Tanytarsini the regression of Dicrotendipes
modestus was applied, whereas the biomass of larger
species such as Chironomus or Polypedilum nubeculo-
sum was calculated with a regression originally ascer-
tained for Glyptotendipes pallens . A regression for
Procladius bellus by Sephton & Paterson (1986) was
used for the tanypods. Direct and individual weigh-
ing of biomass was never carried out . Thus, seasonal
changes in biomass within a single instar (especial-
ly the fourth instar) could not be detected, and the
procedure described must be considered as a rough
estimation only (see Wais, 1993).

Production of Tanypus punctipennis at station A1
was calculated from smoothed survivorship curves and
growth curves by the increment-summation method
(Rigler & Downing, 1984) for each cohort . The prob-
lems in constructing survivorship curves are discussed
in Lindegaard (1992) . Plante & Downing (1989) pro-
vided an empirically derived formula for calculating
secondary production on the basis of mean annual
biomass, individual body mass and ambient temper-
ature. A comparative calculation of production by the
increment-summation curve method and the formu-
la of Plante & Downing (loc . cit.) revealed a negative
difference of 13 .9%. This may be due to bias in the cal-
culation of biomass. It is also possible that the formula
by Plante & Downing does not hold true in shallow
lakes such as Neusiedler See with its extreme chemi-
cal and physical properties . Nevertheless, the formula
was used for a rough calculation of secondary produc-
tion of species other than T punctipennis at station
Al and of all chironomids at stations A2, A3 and Cl,
where abundance was too small to calculate secondary
production directly. This procedure is considered suf-
ficient to provide "order-of-magnitude production esti-
mates" (Plante & Downing, 1990) .

The results of the chemical analyses were calculat-
ed as arithmetic means of the three cores . All figures
of mean abundance or biomass were calculated after
log-transformation of the data. 95% confidence limits
are given in most cases . Annual mean abundance was
calculated as the arithmetic mean of abundances on
individual sampling dates .
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Fig. 2 . Histogram (shaded bars) and cumulative plot (solid line) of
the grain size distribution at three sampling stations in Neusiedler
See . As the mesh size of the finest sieve used in the analysis was 25
µm, silt and clay could not be separated further . To visualize this in
the histogram, the bar furthest to the right is drawn with an "open
end" to higher 4) units .



Diversity was ascertained by the Shannon-Wiener
function (Krebs, 1989) on the basis of natural loga-
rithms. Confidence limits were calculated by the jack-
knife method (Krebs, 1989) . The Spearman correla-
tion coefficient was used as a measure of correlation
between diversity and abundance of Tanypus punc-
tipennis .

Results

Abiotic parameters

The results of the chemical and grain size analyses are
summarized in Table 2 . The sediment of Neusiedler
See can be devided into three main types : The first
type prevailed in the bays of Neusiedl (A1) and Rust
(B 1, B2) as well as in the sheltered parts of the Bay of
Illmitz (e.g . CIO, C4, C4*) . The lake bottom at these
stations was characterized by a very thick layer of soft
mud with a grain size greater than 5-6 4) units, i .e .
smaller than 25 µm. This layer became thinner towards
the open lake . Sediment at the sampling stations A2
and A3 (sediment type 2) was dominated by compact
clay with a low water content . The third sediment type
mainly consisted of sand with a grain diameter of pre-
dominantly 2-3 .3 P units (100-250 µm) (Fig . 2) . It
was restricted to the eastern part of the lake (C1, C11,
C3, C5, see Fig . 5B) . However, also in the open area,
"sand lenses" of variable size can occur within the oth-
erwise homogenous sediment pattern . Thus, at station
A3 two different types of grain size (compact clay vs.
sandy sediment) could be distinguished (station A3a
and A3b) .

A comparison of the chemical data with the results
from the grain size analysis revealed a significant neg-
ative correlation between total phosphorus and grain
size. Sandy sediment showed low phosphorus content,
whereas in muddy sediment and in compact clay (A2,
A3) it was much higher.

A similar relationship could be found for total nitro-
gen and organic carbon . Highest C/N values occurred
in muddy sediments, e.g. at station B2 in the Bay
of Rust. However, the correlation between grain size
and the two parameters was not as clear as for total
phosphorus. Obviously a pronounced seasonal varia-
tion in chemical parameters obviated a clear relation-
ship. Only when data from the two different sampling
dates (January and July) were treated separately, was
the correlation significant .

Species richness and composition

The macrobenthic community of Neusiedler See was
dominated by crustaceans (17 spp .) and chironomids
(16 spp .) . Among other insect orders only Trichoptera,
represented by a single species (Ecnomus tenellus),
occurred sporadically in the benthos . Oligochaeta (5
spp.) were of minor importance and molluscs were
lacking .

The chironomids of the open water zone of
Neusiedler See were dominated by Chironominae (12
spp.), followed by Tanypodinae (3 spp .) (Table 3) .
Only one single specimen of Orthocladiinae (a second
instar, probably of Cricotopus sp .) could be found . Of
the 16 species, four species, viz . Ablabesmyia longisty-
la, Dicrotendipes nervosus, Parachironomus arcuatus
and Paratanytarsus inopertus, are common inhabitants
of the periphyton of Phragmites australis or live on
decomposed reed leaves within the reed belt . They
cannot be considered as true sediment dwellers of the
open water zone .

If we omit these epiphytic species as well as the
unidentified orthoclad, there remain only 11 truly ben-
thic chironomid species .

Abundance, biomass and production

The abundance of chironomids in Neusiedler See
(Table 4) generally was low, especially at exposed
sampling stations (A2, A3) . Considering all sampling
dates, only four species have been found in densi-
ties of more than 1000 ind m -2 . These are Tanypus
punctipennis, Procladius cf. choreus, Microchirono-
mus tener and Cladotanytarsus gr. mancus . The first
two species dominated the benthos of Neusiedler See .
Together they attained mean annual densities of 20,000
ind m-2 . On individual dates they accounted for more
than 95% of total chironomid abundance (maximum :
54,000 ind m-2) .

Population dynamics and secondary production
were examined in detail for T punctipennis at station
Al (Fig . 3). This species displayed a complex trivol-
tine phenology with two winter cohorts . The first one
began in August and overwintered mainly as third and
fourth instar larvae . Emergence began as early as late
autumn, but the major part of this cohort emerged in
spring after ice-out. The second winter cohort began
in late autumn, overwintered as second instar larvae
and emerged in May and the beginning of June . In
early summer the third cohort appeared and emerged
in July and August . A clear distinction between the

1 07
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Table 2. Results of the chemical and grain size analyses of various sediment types in Neusiedler See . Jan . . . sampling date
1 January 1991, Sep . . . sampling date 17 September 1991 . Al-Cl1 . . . sampling stations (see Figs . 1 and 5B). At station
A3 two different types of grain sizes (A3a and A3b) could be distinguished (see text).

Table 3 . Species list of chironomids in the open water zone of Neusiedler
See . A1, A2, A3, B, C . . . sampling stations (see Figs . 1 and 5B) . Epiphytic
species occasionally collected in the sediment are marked with an asterisk .

Al A2 A3 B C

Tanypodinae
Ablabesmyia longistyla Fittk .* + + +
Procladius cf. choreus (Meig.) + + + + +
Tanypus punctipennis (Meig .)

	

+

	

+

	

+

	

+ +

Orthocladiinae
?Cricotopus sp.*

	

+

Chironominae - Chironomini
Chironomus gr. plumosus

	

+ +
Cladopelma virescens (Meig .)

	

+

	

+ +
Cryptochironomus sp .

	

+

	

+

	

+ +
Cryptotendipes usmaensis (Pag .)

	

+

	

+
Dicrotendipes nervosus (Staeg .)*

	

+

	

+

	

+ +
Harnischia curtilamellata (Mall .)

	

+

	

+

	

+

	

+
Microchironomus tener (Kieff.)

	

+

	

+

	

+

	

+ +
Parachironomus arcuatus (Goetgh .)* +

	

+

	

+

	

+
Polypedilum nubeculosum (Meig.)

	

+ +

Chironominae - Tanytarsini
Cladotanytarsus gr. mancus + +
Paratanytarsus inopertus (Walk.)* +
Stempellina almi Brund .

	

+

	

+

	

+

Nun [mg g- t ] Pros [mg g-1 ] Corg [mg g-1 ] C/N-ratio Percent sand [%]
Jan/SepJan Sep Jan Sep Jan Sep Jan Sep

Al 4.183 1 .033 0.587 0.607 19 .583 14 .500 4.739 14 .148 0 .47
A2 4.203 0.700 0.623 0.470 30 .967 8 .233 7.457 7.024 12 .48
A3 a/b 3.780 1 .033 0.660 0.458 31 .250 12 .258 8 .381 9.943 3 .79/85 .82
B 1 4 .000 2 .133 0 .697 0.663 31 .733 13 .200 7.700 6.265 2 .43
B2 6.500 0 .863 57.583 8 .634
C1 3.438 1 .433 0.573 0.537 24.513 10 .833 6.566 8.757 31 .69
C2 5.350 0.470 26.310 5.195
C3 5.867 0 .817 0 .267 0 .280 13 .250 2.550 2 .341 5.768 88 .88
C4 6.883 2.183 0 .700 0.643 14 .567 16 .967 2.644 7.847 6 .41
C4* 2.692 0.680 18.867 7.025 2 .78
C5 3.067 0.220 3 .933 1 .268
C10 4 .42
Cll 0.883 0.477 5.175 6 .081 66 .10
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three cohorts is not always possible (see Schiemer,
1979) .

Secondary production of the different cohorts of T
punctipennis at station Al varied between 1.59 g dw
m-2 yr 1 and 2.59 g dw m -2 yr-t (Table 5). Annual
production was 5 .79 g dw m-2 yr-1 . Cohort P/B ratios
also varied, especially between the two winter cohorts .
This is because the two winter cohorts overwintered
as different larval instars . The high mean individual
biomass of larvae in the first winter cohort resulted in

II III

I

	

11

	

111

	

IV

	

V

	

VI

	

VII
1991

Fig. 3. (A) Life cycle, (B) survivorship curves and (C) growth curves of Tanypus punctipennis in the Bay of Neusiedl (sampling station Al) .
The broken lines in the uppermost diagram separate different generations (white, shaded and black bars) . Vertical bars in the second diagram
show 95% confidence limits . Emergence occurs in August 1990, March 1991 and June/July 1991 .

a high mean cohort biomass (1 .1 g dw m-2) and thus a
low P/B ratio. In contrast, the low mean biomass of the
second winter cohort (0 .25 g dw m-2 ) was responsible
for a high P/B ratio . Nevertheless, the annual P/B ratio
of T punctipennis lies within the range suggested by
Banse & Mosher (1980).

Total chironomid production was highest in shel-
tered areas (station Al : 6.64 g dw m -2 yr 1) and
decreased towards the open lake (station A3 : 0.55 g
dw m-2 yr1 ) (Table 6) . T punctipennis was responsi-



1 1 0

Table 4 . Annual mean abundances [individuals m-2 ] of the most
frequent chironomid species in Neusiedler See in relation to other
groups and total benthos abundance. Only sampling dates on
which a mesh size of 150 pm was used are included .

ble for more than 80% of chironomid production near
the reed belt . Combined production of the two tany-
pods, Tanypus and Procladius, was never less than
90% of total chironomid production .

Diversity

Diversity of the chironomid community of Neusiedler
See was rather low (Table 7) . The Shannon-Wiener
index of diversity varied between 0 .24 and 1.20. The
annual median was 0 .66 and 0.86 in the Bay of Illmitz
(Cl) and the Bay of Neusiedl (Al), respectively. In
general, chironomid diversity was negatively corre-

Fig. 4. Shannon-Wiener index of chironomid diversity at sampling station C1 (Bay of Illmitz) in relation to abundance of Tanypus punctipennis .
Vertical bars indicate 95% confidence limits .

Table S. Biomass B [g dw m -2 ] and production P [g dw
m-2 yr1 ] of the cohorts of TT punctipennis in the Bay
of Neusiedl (Al) .

lated with T punctipennis abundance (p = -0.65,
p = 0.0031). The usually high densities of this species
as well as low species richness resulted in low diversity
values. Diversity increased and was >1 only when the
abundance of T punctipennis was low (e.g . in the open
lake or at all stations in early summer) (Fig . 4).

Horizontal distribution

Benthic invertebrates of Neusiedler See showed a
distinct horizontal distribution . Species richness and
abundance were highest in muddy sediments near the
reed belt, whereas species richness and individual
numbers sharply declined towards the open lake (Al-
A2-A3) and in the sandy sediment in the Bay of Illmitz
(Table 4). It should be noted that the area near the reed
belt was very small compared to the large extension of
the open water zone .

30

20
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r= "

Al A2 A3 C1

Oligochaeta 0 1 7 27
Ostracoda 2944 5793 9053 19692
Cladocera 22223 11004 3011 3735
Chironomidae 22352 6657 1921 15673

Procladius cf. choreus 5490 1489 925 657
Tanypus punctipennis 14430 3578 502 13109
Microchironomus tener 1321 670 41 332
Cladotanytarsus gr. mancus 0 0 0 385

Total benthos 48548 24507 16699 41119

B P P/B

Summer cohort 0.35 1 .61 4 .60
1st winter cohort 1 .10 2 .59 2 .35
2nd winter cohort 0.25 1 .59 6 .24
Annual mean 1 .13 5 .79 5 .13



Table 6 . Annual mean biomass B [g dw m-2 ] and annual production P [g dw m -2 yr1 ] of chironomids
in Neusiedler See. All sampling dates (incl. those on which a mesh size of 250 µm was used) are taken
into account.

Table 7. Diversity of Chironomidae at three sampling stations in Neusiedler See. Only
data for which a mesh size of 150 jim was used are considered . H' . . . Shannon-Wiener
index of diversity, LC . . . lower confidence limit (95%), UC . . . upper confidence limit,
min . . . minimum, max . . . maximum, med . . . median. Cl is the mean of the two median
sampling dates, thus no confidence limits are given . Diversity at station A3 was not
calculated because abundances were too low .

The horizontal distribution of chironomids was
studied in detail in the Bay of Illmitz (Fig . 5) and
was similar to that at stations Al to A3 . Five groups
could be distinguished :
(1) species dwelling exclusively near the reed belt in

sediments with a thick soft mud layer :
Cladopelma virescens, Chironomus gr. plumosus,
Polypedilum nubeculosum

(2) species dwelling predominantly near the reed belt,
but also inhabiting areas with compact sediment :
Tanypus punctipennis

(3) species preferring compact sediment, but also
inhabiting areas with soft mud :
Harnischia curtilamellata (mainly compact clay)
Microchironomus tener (mainly compact clay and
sand)

(4) species dwelling exclusively on compact sedi-
ments :
Stempellina almi, Cladotanytarsus gr. mancus
(sand)

(5) species without any clear horizontal distribution
pattern, inhabiting all types of sediment :
Procladius cf. choreus

Vertical distribution in the sediment

Most species preferred the uppermost sediment layer
and a penetration into the sediment was restricted to
the soft mud areas near the reed belt . Only some chi-
ronomid species, such as Chironomus gr. plumosus,
Polypedilum nubeculosum and Tanypus punctipennis,
occurred in deeper sediment. A clear vertical distribu-
tion in the sediment was found only for the fourth instar
larvae of T punctipennis : During summer 1990 they
were found in the uppermost 3 cm, whereas in winter
under ice and in spring they preferred a depth of 3-
6 cm. A detailed analysis in February 1991 revealed a
peak between 3 and 5 cm below surface with a maxi-
mal depth of 12 cm .

Discussion

Neusiedler See is an extreme environment in sever-
al respects . It is alkaline, eutrophic and characterized
by a highly variable temperature regime. Moreover,
in wind-exposed areas in the central and eastern part
of the lake continuous mixing disturbs the sediment .
Inorganic solids as well as organic matter are eroded,

ill

A1 A2 A3 Cl
B P B P B P B P

Tanypus punctipennis 1 .13 5 .79 0 .29 1 .73 0.01 0 .08 0.45 2.47

Procladius cf. choreus 0 .09 0 .74 0 .06 0.50 0.05 0 .44 0.03 0.29
Other species 0 .01 0 .11 <0 .01 0.02 <0.01 0 .03 0.02 0.23
Chironomidae 1 .23 6 .64 0 .35 2.25 0.05 0 .55 0.50 2.99

Al A2 C1
H' LC UCH' LC UCH' LC UC

Min 0.43 0 .19 0 .68 0 .79 0 .28 1 .29 0 .24 0 .12 0.36
Med 0.86 0 .75 0 .97 1 .00 0 .81 1 .19 0 .66
Max 1 .03 0 .93 1 .13 1 .20 1 .02 1 .39 1 .13 0 .60 1 .65
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Fig . 5. (A) Horizontal distribution of five chironomid species along
a transect of four sampling points (C2-Cl-C3-C4) in the Bay of
Illmitz on 22 and 23 January 1991 . The abscissa gives the distance
from the reed belt, beginning in the south-east of the bay. Vertical
bars show 95% confidence limits . (B) Distribution of grain size in
the Bay of Illmitz . Percentage of sand (0 > 63µm) is shown in pie
charts at various sampling points . Black area . . . sand, white area . . .
silt and clay. The broken line indicates the transect from C2 to C4
along which the chironomid abundance (A) was investigated . The
grey arrow in the upper part of the diagram shows the main wind
direction (NW), which is of major importance for the distribution
pattern of the sediment .

transported to the reed belt and deposited in sheltered
areas (Jungwirth, 1979a ; Preisinger, 1979). Epipel-
ic algae and benthic bacteria are not able to live in
the unstable open water zone (Khondker & Dokulil,
1988) .

These dynamic conditions likely are the reason for
the low number of species in the open water zone of
Neusiedler See . Several taxa common in other eutroph-
ic lakes are completely lacking (e .g . molluscs) or rep-
resented by only a few species in low densities (e .g .
oligochaetes). Among the chironomids, species of the
genus Tanytarsus are completely lacking in the open
water zone . Chironomus, often dominant in compa-
rable eutrophic lakes such as Lake Balaton (Devai,
1988), Tjeukemeer (Beattie, 1982) or Federsee (Frank,
1982) was found only occasionally in low densities .

Obviously, few species can tolerate the chemical
and physical stress within the lake . Most benthic inver-
tebrates that can withstand the physical and chemical
conditions in Neusiedler See are reported in the liter-
ature to be tolerant of organic pollution and oxygen
deficiencies (Moller Pillot & Buskens, 1990) .

The horizontal distribution pattern appears as a gra-
dient from sheltered soft mud areas with high species
richness and abundance to wind-exposed areas with
compact sediment and low species richness and abun-
dance (see also Schiemer, 1979) . Comparable patterns
of sediment distribution have been reported from other
shallow lakes (Goulden, 1971 ; Maitland, 1979 ; Beat-
tie, 1982) . Several factors may influence invertebrate
distribution in Neusiedler See . Small animals may be
dislodged in the same way that fine inorganic mate-
rial is eroded . Subsequent transport to areas sheltered
from waves and currents could cause a concentration of
invertebrates near the reed belt (Jungwirth, 1979b) .

A more probable explanation, however, is inverte-
brate preferences for certain sediment types . The corre-
lation of sediment and invertebrate distribution pattern
in standing waters has been documented in numer-



ous papers (McLachlan & Cantrell, 1976 ; McLach-
lan, 1976; Maitland, 1979 ; J6nasson & Lindegaard,
1979 ; Winnell & Jude, 1984; Winnell & White, 1986 ;
Ferrington, 1992) . In Neusiedler See most benthic
invertebrates prefer muddy sediments that are rich in
organic matter and high in calorific value . Tanypus
punctipennis, for instance, clearly declines towards
the open lake (Table 4) or the central part of the Bay
of Illmitz (Fig . 5A). This distribution pattern mirrors
the occurrence of epipelic algae, mainly unicellular
diatoms (Schiemer, 1979), which are of major impor-
tance as a food resource (Titmus & Badcock, 1981) .
Other chironomids such as Chironomus gr. plumosus
prefer thick layers of soft mud as a substrate for bur-
rowing (McLachlan & Cantrell, 1976) .

However, not all species in Neusiedler See live
near the reed belt; some also inhabit wind-exposed
areas. This may be due to an avoidance of the soft mud
areas, where predation pressure by benthivorous fish
is much higher than in the open water zone (Herzig
et al., 1994). The same is true of interspecific com-
petition among invertebrates . Cantrell & McLachlan
(1977) and Smit et al. (1992) discuss the possibility of
competition as a reason for different distribution pat-
terns of chironomid species . In addition to these direct
biotic interactions, deoxygenation processes near the
reed belt during night (Schiemer, 1979) may adversely
affect benthic invertebrates .

In addition, some species may have a preference for
the wind-exposed areas . Cladotanytarsus gr. mancus
and Stempellina almi build tubes of fine sand grains and
occur in Neusiedler See mainly on sandy sediment . A
preference of Cladotanytarsus species for sandy sedi-
ments or even gravel has also been reported by several
authors (Beattie, 1982; Winnell & Jude, 1984; Rae,
1985,1987 ; Ten Winkel & Davids, 1987 ; Kornijow et
al., 1990; van de Bund & Davids, 1993) . Some species
of Chironomini such as Microchironomus tener, Har-
nischia curtilamellata, Cryptochironomus sp. or Cryp-
totendipes usmaensis have also been found mainly on
compact sediment. All these species are members of
the Harnischia-complex, members of which are known
to live on the sediment surface. It is clear that compact
sediment, where penetration and sinking is impossible,
is preferred by these species .

Only one species, viz . Procladius cf. choreus, was
found in high abundance at all sampling stations . With-
in the Bay of Illmitz (transect C2-C1-C3-C4) this
species showed no sediment preference (Fig. 5A). In
the north of Neusiedler See along the transect A l to A3,
the highest abundance of P cf. choreus was near the
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reed belt. Although absolute densities of P. cf. choreus
decreased towards the open lake, the relative propor-
tion of this species, especially with respect to T punc-
tipennis, increased. This distribution pattern may be
due to the feeding habits of P cf. choreus . Accord-
ing to Schiemer (1979), Procladius is omnivorous in
Neusiedler See, but at least the last two instars are
predominantly carnivorous . However, Schiemer (loc.
cit.) assumed that in the open lake area benthic food
(animals or detritus) were too scarce to meet the energy
demand of Procladius and that precipitating zooplank-
ton play an important role as food for this chironomid
species in Neusiedler See . The ability of feeding on a
wide range of food items (detritus, algae, precipitating
zooplankton) may be one reason why the distribution
pattern of P. cf. choreus was neither clearly correlat-
ed with sediment structure nor with the distribution
pattern of other benthic invertebrates .

Secondary production estimates of chironomids in
standing waters vary widely. In a literature review,
Lindegaard (1989) found the lowest chironomid pro-
duction in Lake Krivoe and Lake Zelewtskoye with
0.10 g dw m-2 yr1 (Alimov et al., 1972; Winberg
et al., 1973) and the highest in a waste stabilization
lagoon, where chironomid production was more than
160 g dw m-2 yr1 (Kimerle & Anderson, 1971) . In
Neusiedler See production was 5-7 g dw m -2 yr-1
in sheltered bays near the reed belt, which is slightly
below the average of the values listed in Lindegaard
(1989). However, the open water zone of Neusiedler
See revealed a production of 0.6 g dw m-2 yr 1 and
thus clearly lies at the lower end of Lindegaard's pro-
duction list . Only a few lakes had chironomid produc-
tion estimates lower than in Neusiedler See .

The basic factor responsible for low zoobenthos
production seems to be low primary production (Lin-
degaard, 1989). This is obvious in oligotrophic lakes
with poor food conditions . However, several other
factors also can be responsible for low production .
These often cause some sort of physiological stress,
which reduces growth and development . These stress-
es include e .g. low temperature (Lindegaard & Ma;hl,
1992), oxygen deficiency (Cooper & Knight, 1985),
salinity, or low pH (Mori & Jamamoto, 1975) . Final-
ly, continuous mixing and resuspension of sediment in
shallow, wind-exposed lakes may cause direct phys-
ical stress or have an indirect influence by affecting
food resources in the sediment. Jbnasson & Linde-
gaard (1979) discussed this problem in detail for Lake
Arreso and Lake Myvatn . Low secondary production
has also been found in the shallow, wind-exposed lake
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Memphremagog (Dermott et al., 1977) and in the open
water zone of Tjeukemeer (Beattie, 1982) . Secondary
production rates in these lakes were highest in the lit-
toral zones, where wind effects are less severe or veg-
etation stabilizes the sediment .

In Neusiedler See both water chemistry and contin-
uous mixing at wind-exposed sites are likely to have
an influence on the distribution, abundance and pro-
duction of benthic invertebrates . These two stress fac-
tors also may be responsible for the strong numeri-
cal dominance of chironomids within the zoobenthic
community as well as the low invertebrate diversity
(Lindegaard, 1989) . However, further investigations
similar to Schiemer (1979) will be necessary to exam-
ine microfaunal production in more detail .

An extrapolation of the results of the present study
to the whole lake area should be avoided because of
the large chemical and physical differences between
the southern and northern areas of Neusiedler See .
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Appendix. The chironomids of the reed belt. List of
species found as larvae on periphyton of submerged
macrophytes (Potamogeton pectinatus, Myriophyllum
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spicatum) and Phragmites australis or as pupal exuvi-
ae in channels within the reed belt .

Tanypodinae
Ablabesmyia longistyla Fittk .
Ablabesmyia phatta (Egg.)
Monopelopia tenuicalcar (Kieff.)
Procladius choreus (Meig.)
Tanypus punctipennis (Meig.)
Xenopelopia cf. falcigera (Kieff .)

Orthocladiinae
Acricotopus lucens (Zett .)
Corynoneura lacustris Edw.
Cricotopus (s. str.) flavocinctus (Kieff.)
Cricotopus (s. str.) bicinctus (Meig.)
Cricotopus (s . str.) sp . 3
Cricotopus (Isocladius) intersectus (Staeg .)
Cricotopus (Isocladius) sylvestris (Fabr.)
Hydrobaenus lugubris Fries
Limnophyes pumilio (Holmgr.)
Limnophyes asquamatus Andersen
Nanocladius bicolor (Zett.)
Psectrocladius (s . str.) barbimanus (Edw.)
Psectrocladius (s . str .) limbatellus (Holmgr.)
Psectrocladius (s . str.) sordidellus/ventricosus
Pseudosmittia Pe 2 Langton 1991

Chironominae - Chironomini
Chironomus spp .
Cladopelma virescens (Meig.)
Cryptochironomus obreptans (Walk.)
Cryptochironomus redekei (Krus .)
Cryptotendipes usmaensis (Pag .)
Dicrotendipes nervosus (Staeg .)
Endochironomus albipennis (Meig .)
Glyptotendipes ? glaucus sensu Michailova
Glyptotendipes gripekoveni (Kieff.)
Glyptotendipes imbecillis (Walk.)
Glyptotendipes pallens (Meig .)
Glyptotendipes salinus Michailova
Harnischia curtilamellata (Mall .)
Microchironomus tener (Kieff.)
Parachironomus arcuatus (Goetgh .)
Polypedilum (s . str.) nubeculosum (Meig .)
Polypedilum (Pentapedilum) sordens (v .d . Wulp)
Xenochironomus xenolabis Kieff.

Chironominae - Tanytarsini
Cladotanytarsus atridorsum Kieff.
Cladotanytarsus lepidocalcar KrUg .
Cladotanytarsus sp. 3
Paratanytarsus inopertus (Walk .)
Paratanytarsus cf. intricatus (Goetgh .)
Stempellina almi Brund .
Tanytarsus mendax Kieff.
Tanytarsus usmaensis Pag .
Tanytarsus verralli Goetgh .
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