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Abstract – This study investigates a phytophylous community of Chironomidae larvae on the submerged
plant species Myriophyllum spicatum L. in a eutrophic lake (Lake Sakadaš, Danube ﬂoodplain area in
Croatia) during summer 2004. This macrophyte species appeared for the ﬁrst time in the lake in 2004, lasted
approximately three months and was considered as a temporary habitat. The chironomid community was
very abundant in the stands of this macrophyte species, which developed at three sites. The recorded species
belong to three subfamilies: Chironominae (Chironomini and Tanytarsini), Orthocladiinae and Tanypodinae.
Species composition varied in time, though Orthocladiinae with their representative Cricotopus sylvestris gr.
dominated throughout the entire sampling period, accounting for approx. 60% of the total community.
However, the presence of this species group experienced a marked drop to only 10% in September when
Chironomini larvulae and Paratanytarsus sp. prevailed. Furthermore, the share of Endochironomus albipennis
(Meigen 1830) in relation to other species was also consistently higher. NMDS ordination and cluster analysis
separated three main colonization periods based on larval abundance. RDA analysis indicated the inﬂuence of
environmental variables, especially Secchi depth, macrophyte dry weight, depth and water temperature, on
chironomid community structure.
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Introduction
Chironomids are a very successful taxonomic group in
fresh-waters, with high abundance, often present as the
most abundant one (Wiederholm, 1983). They are very
numerous and adaptable in both permanent and temporary habitats (Armitage et al., 1995; Frouz et al., 2003;
Hamerlı́k and Brodersen, 2010). Being good colonizers
chironomids are essential for the transport of nutrients in
lakes and reservoirs (Dévai, 1990) and for early colonizers
small size and short life cycle are important characteristics
(Wotton et al., 1992). Chironomid communities in lakes
can be used as climate change or water quality indicators
(Brodersen et al., 2001; Bitušik et al., 2006; Langdon et al.,
2006; Hamerlik and Bitušik, 2009). Chironomids feed on
algae, detritus and associated microorganisms, macrophytes, wood debris, and other invertebrates of adequate
size, and are prey for predatory larvae and ﬁsh, thus
linking higher and lower trophic categories (Armitage
et al., 1995; Dvorák, 1996; Nazarova et al., 2004).
*Corresponding author: zmihalj@biol.pmf.hr

Myriophyllum spicatum L. (Eurasian water milfoil) is
a submerged macrophyte species with dissected leaves
providing a suitable habitat for many invertebrate groups
including chironomids (Soszka, 1975; Menzie, 1981; Balci
and Kennedy, 2003). Chironomid larvae form a signiﬁcant
portion of the insect fauna on many aquatic macrophytes
(Menzie, 1980; Balci and Kennedy, 2003), but colonisation
and succession of chironomids on macrophytes has been
generally ignored.
Phytophylous communities were studied in 2001, 2002
and 2004 (Bogut et al., 2007, 2009, 2010; Vidaković and
Bogut, 2007; Čerba et al., 2009) in Čonakut channel and
Lake Sakadaš within the Kopački Rit Nature Park (a large
Danube ﬂoodplain area). M. spicatum was recorded in
Lake Sakadaš for the ﬁrst time in 2004, despite being
common in other ﬂoodplain waterbodies. Although the
dominance of chironomids has been recorded in association with macrophytes (Bogut et al., 2007, 2009; Čerba
et al., 2009), there is no information on the diversity of
Chironomidae larvae in this area. Research on the family
Chironomidae in Croatia has primarily been concentrated
on lotic ecosystems (Tavčar, 1988; Mihaljević et al., 1998).
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Fig. 1. Floodplain area of Kopački Rit Nature Park and sampling stations (1, 2 and 3) in Lake Sakadaš.

There is some information concerning lakes and reservoirs, though these relate to karstic lakes and man-made
reservoirs located in areas of Croatia having a Mediterranean climate (Tavčar, 1993; Mihaljević et al., 2000, 2004).
Furthermore, the majority of data are conﬁned to unpublished environmental studies.
The objective of this study was to establish the composition and abundance of chironomid species, colonisation dynamics and temporal changes in chironomid
community structure, and the inﬂuence of environmental
variables on the phytophylous chironomid community.

Materials and methods
Study area

This study was carried out in a ﬂoodplain lake, Lake
Sakadaš within Kopački Rit Nature Park. The park lies in
northeastern Croatia within the Pannonian biogeographic
region, and represents one of the Danube’s largest ﬂoodplains. This area is a very important nesting area for a
great variety of birds (and as such is included on the list of
Important Bird Areas) and is also a habitat for diverse and
numerous invertebrate and vertebrate fauna. Kopački
Rit was included on the RAMSAR List of Wetlands of
International Importance in 1993 (RAMSAR, 2005). The
protected ﬂoodplain area is located between 1383 and
1410 rkm of the Danube, with a surface of 177 km2 and is
under the inﬂuence of the Danube hydrodynamic regime.
The inﬂuence of limno- and potamophase on the ﬂoodplain biocenosis can be seen at diﬀerent trophic levels –
phytoplankton, bacteria and periphyton (Palijan and
Fuks, 2006; Mihaljević et al., 2009; Vidaković et al., to
appear). The ﬂooding in 2004 started at the end of March
and lasted till the beginning of August (average amplitude
was 1.3 m, and total duration 131 days) (Peršić et al., to
appear). From the beginning of July towards the end of
September Danube water level was gradually decreasing
with some exception to the last few days of July. Lake

Sakadaš is connected to the parent river via the Čonakut
and Hulovo channels (Fig. 1). At the western side of the
lake is a dam connecting the lake with the collecting
channel. The lake has a dendritic shape, covers an area
of approximately 6 ha and has an average depth of
7 m. According to monitoring data collected between
November 1997 and June 2004 (project: Protection of the
Kopacki Rit Water Bodies; Ministry of Science, Education
and Sports) and Vidaković and Bogut (2007), no macrophytes were recorded in Lake Sakadaš. Since 2004,
diﬀerent macrophyte types have formed microhabitat
patches in the lake. M. spicatum and Ceratophyllum
demersum L. represent submerged macrophytes. There
were also free-ﬂoating Spirodella sp. and Nymphoides
peltata (S. G. Gmel.) O. Kuntze. The amphibious species
Polygonum amphibium All. was recorded sporadically,
in addition to the free-ﬂoating Lemna sp., Trapa natans
L. and Potamageton gramineus L. Three sites in the
eastern, northeastern and southwestern shallower part of
the lake, where large stands of M. spicatum developed,
were selected as study stations (Fig. 1).

Environmental conditions

Chemical and physical variables, i.e. temperature and
dissolved oxygen, were measured weekly in situ (10 cm
below the water surface) with the WTW Multi 340i set.
Transparency was measured using the Secch disc and
methods assigned by APHA (1985) regulations were
used to analyse concentrations of chlorophyll a (Chl a)
and total phosphorus (TP). Trophic state indices (TSITP
and TSIChl a) were determined according to Carlson and
Simpson (1996).

Sampling strategy

Triplicate samples (each replicate included a single
plant) within every macrophyte stand, were taken from
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a boat on a weekly basis (from 14 July to 8 September
2004) with a plastic hand cylinder (43 cm tall, 10 cm in
diameter). The stand at station 1 lasted for four weeks
from the beginning of research period (until 4 August).
The stand at station 2 lasted until 12 August and at
station 3 for the duration of the sampling period (until
8 September). Sampling was carried out when the macrophyte reached and sustained a suitable size for sampling
from the boat. After 8 September, with the end of the
vegetation season, the stands sank to the bottom and
sampling could no longer be carried out. In the laboratory,
invertebrates were dislodged from the plant and rinsed
through a sieve with 60 mm mesh. Preserving solution was
made of 585 mL 96% ethanol, 310 mL H2O, 100 mL 4%
formaldehyde and 5 mL glycerine. To determine macrophyte dry biomass, plants were dried for 24 h at 60 xC
(Hann, 1995).

Chironomidae larvae samples

Chironomid larvae were counted and separated under
the stereoscopic microscope Olympus SZX9. In samples
with more than 100 individuals, 100 were randomly picked
for determination while in samples with less than 100 individuals, all individuals were determined. Separated individuals were prepared for mounting according to Punti
et al. (2007) and identiﬁed to the genus and species level
under an Olympus BX51 microscope. Chironomid larvae
were identiﬁed using the following taxonomic keys:
Cranston (1982), Wiederholm (1983), Schmid (1993),
Rieradevall and Brooks (2001), and Brooks et al. (2007).
Individuals that were large enough to mount on slides but
still too small for a better determination are listed
as Chironomidae indet. in Table 1. Undeterminable larvulae stages of the tribe Chironomini are referred as
Chironomini Gen. sp. (Table 1). For algal determination
Streble and Krauter (2002) was used.

Statistical analysis

Chironomid abundance is presented as the number of
individuals per 100 g of plant dry weight, percentage
contribution and total density. For multivariate statistic
analysis, the PRIMER 6 software package was used
(Clarke and Gorley, 2006). Based on chironomid abundance data (fourth root transformed), cluster analysis
and non-metric multi dimensional scaling (NMDS) were
applied on the Bray-Curtis similarity matrix. The contribution of species abundance to the similarity within
deﬁned groups and dissimilarities between groups was
investigated using the SIMPER procedure. The ANOSIM
permutation test showed the level of signiﬁcance of
diﬀerences in the chironomid community structure between data groups (colonization periods) deﬁned by cluster analysis and NMDS. Redundancy analysis (RDA)
was used to demonstrate the importance of diﬀerent
environmental variables in determining the structure of
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chironomid assemblages (log (x + 1) transformed abundance data), using CANOCO 4.5 (ter Braak and Šmilauer,
2002).

Results
Environmental conditions

The environmental variables are given in Table 2.
Depth in the sampled sites varied between 0.23 m and
3.74 m, while water depth of the lake decreased during the
sampling season because of evaporation and low precipitation. Oxygen concentrations were low in July but did
not fall below 2 mg.Lx1, which would indicate anoxic
conditions. At the end of the vegetation season, greater
macrophyte biomass and higher Chl a concentration was
recorded. There was a decrease in Chl a concentration on
21 July in all the stations. Trophic state indices based on
TP and Chl a concentrations indicated eutrophy with a
tendency towards hypertrophy in Lake Sakadaš: TSITP
varied from 35.8 to 105.8 and TSIChl a from 51.7 to 70.4
(Table 2).

Chironomidae community

The larvae in Lake Sakadaš belong to three Chironomidae subfamilies: Chironominae (tribes Chironomini and
Tanytarsini), Orthocladiinae and Tanypodinae. Members
of the subfamily Orthocladiinae are Corynoneura sp.,
Cricotopus sylvestris gr., Cricotopus/Orthocladius and
Psectrocladius sordidellus gr. while Chironomini are represented with ﬁve genera (Table 1). Although the most
diverse, the Chironominae subfamily with a total abundance of 147 322 ind./100 g d.w. throughout the sampling
period was not the most abundant (24.53%). Orthocladiinae midges dominated the samples, comprising in total
400 262 ind./100 g d.w. or 66.63%, while Tanypodinae
contributed less than 1% with 195 ind./100 g d.w.
Cricotopus (65.07%) was the most abundant genus followed by Endochironomus (12.53%) and Paratanytarsus
(6.13%) (Table 1). At the beginning of the sampling period
(July), large numbers of C. sylvestris gr. were present. The
highest abundance of C. sylvestris gr. was recorded on
21 July at stations 2 and 3 while at station 1 the highest
abundance was found on 14 July. The share of this species
group decreased considerably in September, from approx.
60% to 10%. Meanwhile, there was a substantial increase
of the share of Chironomini larvulae (Chironomini Gen.
sp.). For Chironomini larvulae, the highest abundances
were recorded on 14 July (station 2) and 1 September
(station 3). E. albipennis had the highest abundance 14 July
(station 1) and 21 July (stations 2 and 3). This species was
always present throughout the research period, especially
in July (Table 1). Two Orthocladiinae species were recorded only at station 3: Corynoneura sp. on 28 July and
P. sordidellus gr. on 18 August. Endochironomus tendens
(Fabricius 1775) was found only on 18 August at station 3,
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Table 1. Chironomid larvae species composition with absolute and relative abundance expressed as percentage contribution and total density* in Lake Sakadaš in 2004.
Station 1
Total
Percent
density*
(%)

2

Station 3
Total
Percent
density
(%)

July
Total
Percent
density
(%)

August
Total
Percent
density
(%)

September
Total
Percent
density
(%)

5
–
1
–
2
2
–
–
–
1
–
4
1

0.27
–
11.09
–
0.07
–
0.23
0.49
–
–
–
0.15
–
2.16
0.11

–
1
5
–
2
2
1
1
–
–
1
2
2
4
1

–
0.08
14.81
–
0.74
0.26
0.04
0.19
–
–
0.04
0.58
0.59
2.73
0.06

1
1
4
1
1
1
1
2
1
1
1
1
1
4
1

0.24
0.21
8.61
0.06
0.14
0.34
0.11
0.90
0.21
0.04
0.04
0.46
0.10
8.62
0.55

1
1
5
–
2
1
–
2
1
–
–
2
2
4
1

0.11
0.08
14.10
–
0.37
0.12
–
0.22
0.05
–
–
0.36
0.33
2.46
0.02

1
1
3
1
1
1
2
2
1
1
1
2
1
2
2

0.26
0.16
3.99
0.09
0.54
0.60
0.73
1.20
0.04
0.06
0.18
0.77
0.07
0.76
1.09

1
–
4
–
–
–
–
2
–
–
–
1
5
–

0.23
–
7.97
–
–
–
–
1.65
–
–
–
–
0.23
34.77
–

Tanytarsini
Paratanytarsus sp.

3

1.15

4

7.43

4

10.86

4

3.78

4

13.74

4

17.75

Orthocladiinae
Corynoneura sp.
Cricotopus sylvestris gr.
Cricotopus/Orthocladius
Psectrocladius sordidellus gr.
Orthocladiinae indet.

–
7
4
–
2

–
59.89
9.22
–
0.93

–
7
4
–
2

–
65.20
4.52
–
0.92

1
5
4
1
3

0.08
43.24
7.18
0.02
3.59

1
7
4
–
3

0.01
60.89
7.24
–
1.43

–
5
3
1
2

–
62.03
5.95
0.03
2.46

1
4
2
–
1

0.18
9.94
0.94
–
0.41

1

0.07

–

–

3

1.72

4

Tanypodinae
Tanypodinae indet.

–

Chironomidae indet.

5

–
14.24

–
14.40

–

–

1

0.20

–

4

8.43

3

5.05

4

25.92

*Total density key: 1: 1–100 ind.; 2: 101–500 ind.; 3: 501–1000 ind.; 4: 1001–5000 ind.; 5: 5001–10 000 ind.; 6: 10 001–20 000 ind.; 7: >20 000 ind. (ind. = number of individuals per
100 g macrophyte dry weight).
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Chironominae
Chironomini
Dicrotendipes nervosus (Staeger 1839)
Dicrotendipes sp.
Endochironomus albipennis (Meigen 1830)
Endochironomus tendens (Fabricius 1775)
Endochironomus sp.
Glyptotendipes pallens (Meigen 1804)
Glyptotendipes sp.
Parachironomus varus (Goetghebuer 1921)
Parachironomus sp.
Polypedilum convictum (Walker 1856)
Polypedilum pedestre (Meigen 1830)
Polypedilum sordens (van der Wulp 1874)
Polypedilum sp.
Chironomini Gen. sp.
Chironomini indet.

Station 2
Total
Percent
density
(%)

D. Čerba et al.: Ann. Limnol. - Int. J. Lim. 46 (2010) 181–190

185

Table 2. Biotic and abiotic variables in Lake Sakadaš in 2004.
Physico-chemical variables
Air temperature ( xC)
Water temperature ( xC)
Secchi depth (m)
Dissolved oxygen concentration (mg.Lx1)
Chlorophyll a (mg.Lx1)
Total phosphorus (mg.Lx1)
Dry biomass (g)
TSIChl a
TSITP

Station I
min–max
16–29
21–27
0.53–1.21
3.77–12.55
14.26–57.83
0.04–1.16
0.2–1.27
56.7–70.4
58.1–105.8

Station II
min–max
16.5–29
20.5–27
0.23–1.17
3.6–12.03
13.05–50.45
0.07–0.15
0.37–1.33
55.8–69.1
65.4–76.3

whereas Tanypodinae representatives were present on
12 August at station 2. The highest number of taxa was
found on 18 August. Most larvae were mounted on slides,
so the gut content was visible and its examination revealed
the presence of ﬁlamentous green algae, Cosmarium sp.,
diatoms, detritus and remains of plant tissue. Substantial
diﬀerences were not observed among the species.

Statistical analysis

Based on cluster analysis, the sampling period was
divided into three main colonisation periods at a 60%
threshold similarity. NMDS ordination conﬁrmed this
result. The ﬁrst colonisation period included samples
collected from 14 to 28 July (period A), the second from
28 July to 18 August (period B), and the third from
25 August to 8 September (period C). However, samples
taken on 21 July at station 2 and 4 August at station 3 were
somewhat separated (Fig. 2). For this reason these samples
(21 July at station 2, 4 August at station 3) were excluded
from SIMPER and ANOSIM analysis. The taxa identiﬁed
by SIMPER are presented in Table 3. C. sylvestris gr. and
Chironomidae indet. had the greatest inﬂuence on the
similarity between colonisation periods. The greatest differences were seen between groups B and C, with an
average dissimilarity of 47.2 1% (Table 3), Chironomini
Gen. sp., Cricotopus/Ortholadius and C. sylvestris gr. contributing most to the diﬀerences. ANOSIM results conﬁrmed statistically signiﬁcant diﬀerences among periods.
With Global R = 0.681, there was a statistically signiﬁcant
diﬀerence between colonization periods A and C (R =
0.704; p < 0.001) and B and C (R = 0.881; p < 0.001),
A and B diﬀerences (R = 0.581) were less signiﬁcant.
Redundancy analysis (RDA) was carried out using the
following abiotic variables: water temperature (T), Secchi
depth (SD), depth (D), total phosphorus (TP), macrophyte
dry weight (DW), chlorophyll a and dissolved oxygen
concentrations (Chl a and O2). Inﬂuence of each environmental variable on species abundance is presented on
RDA biplot (Fig. 3). The sum of all the canonical eigenvalues was 0.513 (total variance) and the total variance in
species data for the ﬁrst two axes was 25.5. Speciesenvironment correlations were 0.942 for axis 1 and 0.855
for axis 2. First axis was best deﬁned by Secchi depth,

Station III
min–max
17–31
22–27
0.36–1.32
3.95–12.08
8.63–56.82
0.01–0.16
0.34–2.24
51.7–70.2
35.8–77.3

July
min–max
16–31
23–27
0.7–1.32
3.6–5.27
8.63–40.32
0.08–0.16
0.3–1.35
51.7–66.9
68.1–77.2

August
min–max
23–28
23–25.5
0.23–0.74
7.28–12.55
24.53–50.45
0.05–0.13
0.2–2.24
61.9–69.1
61.7–74.2

September
min–max
18.5–22
20.5–22.5
0.38–0.63
8.39–11.62
43.04–57.83
0.01–1.16
0.82–1.48
67.5–70.4
35.8–105.8

macrophyte dry weight and depth (eigenvalue
ax 1 = 0.139) while the axis 2 was best deﬁned by
temperature and macrophyte dry weight (eigenvalue
ax 2 = 0.116). Monte Carlo permutation test indicated that
all the axes were signiﬁcant (F-ratio = 1.502, p < 0.014),
and also that the species are signiﬁcantly related to the
tested set of environmental variables. On the right side of
the plot most abundant species are positioned, including
C. sylvestris and E. albipennis. Species Parachironomus sp.
shows a good correlation with TP and E. albipennis with
SD. DW and Chl a positively correlate with Dicrotendipes
sp., P. sordidellus and E. tendens on the left side of the plot
while O2 correlated with Orthocladiinae indet. (Fig. 3).

Discussion
The values of the environmental variables were characteristic of eutrophic lakes with similar seasonal weather
conditions. Water quality monitoring over the last decade
has shown that Lake Sakadaš shifted from meso-eutrophy
to hypertrophy (Vidaković et al., 2002; Bogut et al., 2003).
Macrophyte appearance in 2004 could be explained by
high amounts of nutrients brought in by ﬂood waters or by
sediment resuspension related to the inﬂow of ﬂood water,
and possible disturbances by tourist boats should also be
taken into account. Peršić and Horvatić (unpublished
data) recorded highest ﬂuctuations of nitrates following
ﬂooding in April and June 2004, with a gradual decrease in
nitrogen concentrations towards the edge of the ﬂoodplain. This decrease in N concentrations could be bound to
the uptake of nitrogen by macrophytes (Hamilton and
Lewis, 1987; Olde Venterink et al., 2003). Greater macrophyte biomass and higher Chl a concentrations at the end
of the investigated period indicated an increased amount
of periphyton and of available food for invertebrates as
well as increase of the trophic state.
During the study, three Chironomidae subfamilies were
recorded: Chironominae (Chironomini and Tanytarsini),
Orthocladiinae and Tanypodinae. Tóth et al. (2008)
also reported these three subfamilies of chironomids in
phytophylus communities of a backwater of the Tisza
River. The chironomid species found are characteristic of
eutrophic lakes and macrophyte communities, including
the dominance of C. sylvestris gr. (Darby, 1962; Menzie,
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a

b

Fig. 2. a) Hierarchical classiﬁcation of the sampling sites and dates based on the taxa abundance; b) non-metric multidimensional
scaling (NMDS) of taxa abundance matrix data; samples of each colonisation period are labelled (similarity level of 60%).
m Colonization period A; colonization period B; colonization period C.

1981; Armitage et al., 1995). Brodersen et al. (2001) found
Cricotopus sp. and Glyptotendipes sp. to be characteristic
of eutrophic and hypertrophic lakes, dominated by
elodeids, characeans or characterized by the absence of
aquatic plants. The large abundance of larvulae at the
beginning of the study period was likely due to the start of
colonization at station 2, while the second peak in
September was a result of recolonization after emergence.
The increase of the collector-ﬁlterer Paratanytarsus sp. in
September could be explained by the increased amount of

available food, either as developed periphyton or phytoplankton. There was not a clear explanation about the
marked increase of chironomid abundance at station 2 on
21 July of the following species: E. albipennis, Polypedilum
sordens (van der Wulp), C. sylvestris gr. and Paratanytarsus sp., not recorded at the other two sampling stations.
Macrophyte stands in Lake Sakadaš growed in late
June and were sampled when reached a suitable size. Since
the stands lasted for approximately three months, they can
be considered a temporary habitat. NMDS ordination and
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Table 3. SIMPER results showing taxa contribution to similarities within, and dissimilarities between groups of samples identiﬁed
using cluster and NMDS analysis.

Group
Taxa
Cricotopus sylvestris gr.
Cricotopus/Ortholadius
Endochironomus albipennis
Chironomidae indet.
Paratanytarsus sp.
Parachironomus varus
Chironomini Gen. sp.
Orthocladiinae indet.
Glyptotendipes pallens
Chironomini indet.
Dicrotendipes nervosus
Polypedilum sordens
Glyptotendipes sp.
Polypedilum sp.
Dicrotendipes sp.
Endochironomus sp.
Parachironomus sp.

Average similarity %
68.11
66.48
A
B
Contrib. %
Contrib. %
27.09
24.34
20.22
13.03
17.04
11.56
16.35
8.30
9.22
16.78
–
2.42
–
–
–
9.00
–
–
–
4.09
–
–
–
–
–
2.33
–
–
–
–
–
–
–
–

cluster analysis separated three main colonization periods
based on larval abundance. The abundance of C. sylvestris
gr. was highest during the ﬁrst colonisation period, lower
in the second period and then dropped signiﬁcantly at the
end of the season, possibly due to adult emergence or to an
increase in the amount of periphyton covering the macrophyte surface or to a competition with other periphyton
grazers. C. sylvestris is an ubiquitous species, classiﬁed by
Darby (1962) as an obligate phytophage, and some
authors (McRae et al., 1990; Cuda et al., 2002) consider
Cricotopus species as possible control agents for several
plant species. Menzie (1981) recorded the dominance of
C. sylvestris in a Myriophyllum stand with up to 80% of all
recorded chironomid larvae. Balci and Kennedy (2003)
found C. sylvestris as the second most dominant species on
M. spicatum, with a maximum abundance in May, a sharp
decline at the end of May and in early June, and disappearance in mid June. C. sylvestris seems to be a good
colonizer. Species with such a short larvae stage typically
have the ability to colonize “clean” substrates and can
play an important role in forming the “primary” midge
community in short-lived temporary habitats (Wotton
et al., 1992). In the third colonisation period, members of
the tribe Chironomini dominated on Myriophyllum stands.
They require the development of an organic coating on the
substratum before their larvae can colonize. A similar
observation was noted by Wotton et al. (1992) in a
temporary habitat of sand ﬁlter beds. The second most
abundant species was E. albipennis. This bivoltine species
is phytophylous and commonly found in eutrophic lakes
(Harrison and Hildrew, 1998; Brodersen et al., 2001;
Kumari et al., 2007). E. albipennis is known to be feeding
on detritus or macrophyte tissue (Armitage et al., 1995;
Kornijów et al., 1995) while Walsh (1951) determined
it’s ability to ﬁlter-feed even when oxygen concentration
is low.
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Fig. 3. RDA ordination biplot indicating inﬂuence of environmental variables on chironomid species. Arrows represent
environmental variables distribution, circles represent chironomid species. SD – Secchi depth; D – depth; T – water temperature; DW – macrophyte dry weight; O2 – oxygen concentration;
Chl a – chlorophyll a concentration.

Chironomids are primarily opportunistic omnivores
and can change their diet depending on the age, season or
available food (Armitage et al., 1995). Although this was
not the primary aim of this study, inspection of stomach
contents indicated various feeding habits. The algae found
in larval guts were mostly represented by ﬁlamentous
green algae, Cosmarium sp. and diatoms. However,
material appearing to be detritus and plant tissue was also
observed. Cosmarium can be preferred among other available food due to its larger cell size (Botts and Cowell,
1992). According to Armitage et al. (1995), the most
commonly reported food found in chironomid gut content
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is detritus. Snails can be competitors with midges for
periphyton as a food source, but their very low abundance
(less than 0.5%) in M. spicatum stands (Čerba et al., 2009)
could be a reason for the high abundance of chironomids.
It is possible that food supplies have a greater importance
over the physical and chemical traits of the water column
for the Cricotopus genus, as reported by Dvoràk (1996)
who found a strong positive correlation between the
abundance of Cricotopus and diatom biomass on the
surface of aquatic macrophytes. Pieczyńska et al. (1999),
on the other hand, found that trophic status can be more
important than food. Meanwhile, Marques et al. (1999)
found the genus Cricotopus at stations with varying
trophic status and impact levels, indicating that its distribution cannot be primarily associated with water quality.
The eutrophic (hypertrophic) water bodies of Kopački Rit
support chironomids in high numbers (Bogut et al., 2007;
Čerba et al., 2009). In addition to being a food source
(tissue or periphyton), plants are also used by chironomids
and other invertebrates as shelter from predators, either
vertebrate or invertebrate (Diehl, 1992; Prejs et al., 1997).
According to RDA analysis, Secchi depth, macrophyte
dry weight, depth and water temperature were the variables exerting the main inﬂuence on abundance of the
most abundant chironomid species. Water temperature
has a very important role in the life cycle and behaviour of
chironomids – egg development, pupal stages and emergence, and larvae (Menzie, 1981; Rossaro, 1991; Armitage
et al., 1995). One generation of C. sylvestris could be
completed in less than one month at high temperatures
(Rossaro, 1987a, 1987b). Also, temperature inﬂuences
diﬀerent processes in the lake, which in turn can have
an indirect inﬂuence on the chironomid community
(Królikowska et al., 1998; Květ and Westlake, 1998;
Brooks et al., 2007). Thorp and Chesser (1983) found that
the main factors inﬂuencing chironomid density and
diversity in a South Carolina reservoir were plant biomass
and temperature. The importance of suspended particles
as a possible food source within the water column explains
the signiﬁcant correlation of Secchi depth with chironomid
fauna abundance. Distribution of Chl a concentration and
Cricotopus representatives on the RDA plot indicates
negative impact of the increase of trophic state on early
colonizers. RDA also indicated that macrophyte dry
biomass was important environmental variable. Some
authors found a positive relationship between macrophytes and chironomid abundance and diversity, but also
suggested the importance of plant architecture (Soszka,
1975; Cheruvelil et al., 2002; Kuczyńska-Kippen, 2007).

Conclusions
Three M. spicatum stands represented temporal habitat
in the lake. The chironomid species abundance composition was characteristic for phytophylous communities in
eutrophic lakes and was mostly inﬂuenced by Secchi
depth, macrophyte dry weight, depth and water temperature. The sampling season was divided into three

colonization periods. There was also a temporal diﬀerence
in the chironomid community structure and abundance,
indicating that C. sylvestris gr. is a good colonizer of
temporal habitats. The dominance of C. sylvestris gr. in
this study conﬁrms the importance of this species group
within M. spicatum stands as emphasized by many authors
in the past.
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Invertebrates in Myriophyllum spicatum L. stands in Lake
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Mihaljević Z., Kerovec M., Ternjej I. and Popijač A., 2004.
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(Kopački Rit Nature Park, Croatia) in relation to hydrological connectivity. In: Ansari A.A., Singh S. and Lanza
Guy R. (eds.), Eutrophication: Causes, Consequences and
Control, Springer (in press).

190
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Tóth M., Móra A., Kiss B. and Dévai G., 2008. Chironomid
communities in diﬀerent vegetation types in a backwater
Nagy-Morotva of the active ﬂoodplain of river Tisza,
Hungary. Bol. Mus. Mun. Funchal, 13, 169–175.
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