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Abstract

The objective of this study was to analyze macroinvertebrate 
assemblages dominated by Chironomidae (Diptera) and 
to assess the protective nature of these midges’ larval tubes 
against trace metals in the weakly polluted Bzura River. 
This low order lowland river flows through the Łódź City 
Municipal Area and is supplied by a large amount of organic 
matter from ecotones and a polluted roadside. Determination 
of metal content in sediments and chironomid tissue and 
tubes was conducted using atomic absorption spectroscopy. 
Our study has shown that the composition of chironomid 
assemblages was not determined by trace metals but rather 
by high organic enrichment, which caused the dominance of 
two species representing the same trophic group − gathering 
collectors − but differing in behavior. One of them belongs to 
free-rangers (Prodiamesa olivacea), while the other (Chironomus 
riparius) to tube-dweller larvae. Although the accumulation of 
certain trace metals in the tubes was found, the larvae of both 
types of behavior had a similar concentration of metals in their 
tissues, which proves effective metal detoxification in these 
insects. 

Key words: river, benthos, tubes, larvae,                      
imagines, Chironomus riparius, Prodiamesa                               
olivacea, detoxication 
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Introduction

Chironomidae (Diptera), called also non-biting 
midges, are a family of aquatic flies with worldwide 
distribution. These dipterans are common 
inhabitants of most freshwater habitats, and often 
dominate in aquatic macroinvertebrate assemblages, 
both in abundance and species richness (Armitage 
et al. 1995, Broza et al. 2000, Ferrington 2008). Many 
of chironomid species can tolerate and develop in 
heavily metal-polluted watercourses (Lindegaard 
1995, Mousavi et al. 2003, Czerniawska-Kusza 2007, 
Tang et al. 2010). They were found to represent 
up to 80% of the total benthofauna, but less than 
10% in an unpolluted section of the same stream 
(Winner et al. 1980). According to many studies, 
these dipterans appear to be less sensitive to metals 
than gastropods and crustaceans or other insects, 
i.e. ephemeropterans and trichopterans (Poulton 
et al. 1995). Usually, concentrations of metals 
such as copper (Cu), zinc (Zn), cadmium (Cd), 
lead (Pb), manganese (Mn) and nickel (Ni) were 
simultaneously measured in the sediments and in 
benthic macroinvertebrates. The most toxic of them, 
i.e. Cd, Pb and Ni, were listed as priority substances 
in the EU Water Framework Directive (EU WFD 
2000).

Many of the chironomid larvae live in tubes in 
the soft benthic sediments of freshwater habitats 
and affect the water-sediment exchange in these 
ecosystems by stimulating biogeochemical and 
microbial processes occurring in river sediments. 
Although Chironomidae are less effective in 
reducing the sediment clogging compared to other 
common dwellers, i.e. Tubificidae (Oligochaeta), 
nonetheless they play a major role in bioturbation 
(water-sediment exchange) (Nogaro et al. 2006). 
However, the tube-dwelling behavior of chironomids 
is also very important for each organism. Originally 
it evolved as anti-predator adaptation against both 
invertebrates and vertebrates (Hershey & Dodson 
1987) and/or as a protection from being washed 
away in rivers (Brennan & Mclachlan 1979). This 
adaptation was later modified in some chironomid 
groups to facilitate feeding and respiration (Walshe 
1950).

In recent years, the question has arisen whether 
the tube of a benthic chironomid larva plays a role in 
protecting its dweller against chemical toxicants in 

sediment and/or from environmental disturbances 
(Halpern et al. 2002, Vedamanikam & Shazili 
2009). We try to answer this question on the basis 
of taxa living in a weakly polluted river, contrary 
to previous investigations in which organisms with 
tubes inhabited more polluted ecosystems. The first 
aim of our study was to estimate the abundance of 
zoobenthos and the contribution of Chironomidae 
(Diptera) in these macrobenthic assemblages. We 
also want to compare the trace metal concentration in 
the chironomid larvae tissue of Chironomus riparius 
Meigen and Prodiamesa olivacea Meigen. These two 
dominant taxa in these macrobenthic assemblages 
settled the same stream section, represented the 
same functional feeding group (FFG), i.e. gathering 
collectors, but displayed different behavior. The 
first one belongs to tube-building species, while the 
other to free-rangers. Additionally, we analyzed the 
tissue of other chironomid taxa (Paratanytarsus), 
representing also filtering collectors. The other 
objective of our study was to compare the 
accumulation of selected metals in tubes built by 
several other species of Chironomidae. 

Materials and methods

Study area

The small lowland Bzura River is a part of the 
Vistula drainage basin. The river arises at 235 m a.s.l., 
and is 166 km long. Its catchment area is 7787.5 km2 
and the slope is 2.4‰ in the upper course. The study 
site is located in the first order stream section which 
flows through the Łódź City Municipal Area (Fig. 1).

The source reach of the Bzura River flows through 
the largest urban forest in Europe (Łagiewniki). The 
riparian zone is dominated by Alnus glutinosa (L.) 
Gaertn., Fraxinus L. and Salix alba L., thus large 
amounts of allochthonous organic matter, especially 
tree leaves, covered the stream bed over the annual 
period of the study. The main characteristics of 
this upstream section were sampled monthly over 
the annual period and are presented in Table 1. 
This slowly-flowing reach receives pollutants from 
roadsides and surface run-off from meadows and the 
forest. It is commonly known that pollutants from 
roadsides also play a key role for soils located close to 
roads (Szyszlak-Bargłowicz et al. 2013).

Further details of the study area were given by 
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Grzybkowska (1995), Grzybkowska & Głowacki 
(2011) and Grzybkowska et al. (2012).

Sampling and preliminary analysis

Bottom sediment  samples with macroinvertebrates 
from the Bzura River were collected monthly, from 
November 2009 to October 2010, because we wanted 

to investigate the macrobenthic assemblage at this 
site. Ten samples were collected randomly on each 
sampling occasion with a tubular sampler (25 cm2 
in area). The sampler was pushed into sediment to a 
depth of 15 cm. During the annual sampling cycle, 
depth, current velocity and dissolved oxygen were 
measured monthly. 

The samples were also used to analyze the 
composition of particulate inorganic matter according 
to Cummins (1962). Field data on the particle-
size distribution were transformed into the single 
substrate index (SI) by summing up the mid-point 
values of size classes weighted by their percentage 
cover (Quinn & Hickey 1990). These samples were 
also used to determine the organic matter content in 
the bottom sediments. Benthic organic matter (both 
coarse CPOM and fine FPOM fractions) was dried 
at 60°C for 72 h and weighed (Petersen et al. 1989).

Moreover, additional samples were collected 
in late winter to obtain chironomid larvae and 
sediments for the metal analysis. As it is known, 
physico-chemical parameters of sediments can 
significantly influence the availability and toxicity 
of many trace metals (Harding 2005). We studied 
metal concentrations in insects in late winter 
because this season reflects long-term exposure of 

Figure 1
Study area of the Bzura River with the marked sampling site (after Grzybkowska et al. 2012, modified)

Table 1
Mean (for the period of November 2009-October 
2010) value and range of selected parameters of the 
investigated site of the Bzura River; SI – Substrate 
Inorganic Index; BCPOM (coarse) and BFPOM (fine) 
particulate organic matter; TPOM – transported 
particulate organic matter

Parameter Mean Range

Discharge (m3 s-1) 0.010 0.002-0.028

Water velocity (m s-1) 0.14 0.05-0.42

Width (m) 0.8 0.4-1.4

Depth (m) 0.08 0.02-0.11

SI (mm) 3.4 0.4-6.8

BCPOM  (g m-2) 2021 1227-3454

BFPOM  (g m-2) 5786 3822-8330

TPOM  (g m-3) 82 1-194

Oxygen (mg l-1) 4.3 1.0-11.5
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freshwater organisms to metal contamination. The 
detailed data concerning the period needed for the 
development of a generation (Cohort Production 
Interval) of each species were given by Grzybkowska 
(1995), Grzybkowska & Głowacki (2011) and 
Grzybkowska et al. (2012). 

The last instar larval stage (4th) of four dominant 
chironomid genera, tube-dwellers of Chironomus, 
Paratendipes and Paratanytarsus and chironomid 
free-ranger of Prodiamesa olivacea, were selected for 
further analysis of metal contents. The larvae were 
rinsed with deionized water, placed in acid washed 
polypropylene vials, and stored at -20°C until 
analysis. To obtain chironomid tubes and imagines, 
we organized a laboratory rearing. The larvae were 
located in crystallisers filled with river sediment and 
water at room temperature. After the tubes had been 
abandoned by pupae, both tubes and imagines were 
collected for further analysis. 

Metal analysis

All the chironomid samples (larvae, tubes, 
imagines) and sediments were analyzed for the 
content of Cu, Zn, Cd, Pb, Mn and Ni. Determination 
of metal content in sediments, insects’ tissue and 
tubes was conducted using the Atomic Absorption 
Spectroscopy (Spectra spectrophotometer 300/400, 
Varian) with flame atomization (acetylene – air 
mixture) and with non-flame atomization in 
a GTA-96 graphite tube atomizer. The analysis 
was performed in the Laboratory of Computer 
and Analytic Techniques, Faculty of Biology and 
Environmental Protection, University of Łódź. 

The concentrations of the metals studied in both 
substrata were calculated on a dry weight (dw) basis 
and expressed as μg g-1. A total of six replicates of the 
measurements were taken.

Preparation of samples, calibration and precision 
of the method for metal analysis were given by 
Dukowska et al. (2012).

In this study, the bioconcentration factor (BCF) 
was used to relate pollutant concentration in aquatic 
organisms to the pollutant concentration in the 
sediments (Janssen et al. 1997):

[metal] organism – total metal concentration in a 
given organism (μg g-1 dw) 

[metal] sediment – total metal concentration in the 
sediment (μg g-1 dw).
We used Student’s t-test to compare the 

concentration of the analyzed metals in the sediment, 
tubes, larvae and imagines (StatSoft Inc. 2011). 

Results

Macrobenthic assemblages

Chironomidae and Oligochaeta were the major 
groups of macroinvertebrate assemblages and their 
density was over 80% of the total macroinvertebrate 
density over the annual period (Fig. 2). Among other 
macroinvertebrates, high density was recorded for 

[metal] organism
[metal] sediment

BCF =

Figure 2
Seasonal dynamics of the main macroinvertebrate taxa from the sampling site of the Bzura River (after Grzybkowska 
et al. 2012, modified).
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Mollusca (mainly Sphaeridae, over 10% of the total 
macroinvertebrate density, Fig. 2).

The macrobenthic taxa showed a seasonal pattern 
that mainly reflected the chironomid seasonal 
dynamics. The density of C. riparius represented 
almost 25% of the total macrobenthic density; the 
maximum values in November and August were 
close to 20 000 ind. m-2. Another chironomid 
species, P. olivacea, a free ranger connected with 
leaf packs, was less abundant and represented nearly 
10% of the total zoobenthos. The other tube-building 
larvae from the subfamily Chironominae, such as 
Paratendipes sp. (Chironomini) and Paratanytarsus 
sp. (Tanytarsini), were much less numerous. 
Very low density and species richness of further 
chironomid taxa, such as Orthocladiinae (scrapers) 
and Tanypodinae (predators), were also recorded at 
this site.

Tubes and tube-building

Many larvae of chironomid taxa build tubes 
using salivary secretions to bind small particles 
− principally of detritus, medium-sized particles 
− mainly of detritus and diatoms (very well visible 
in Fig. 3c), and a variety of other types of particles, 
including filamentous algae and sand grains into 
relatively cylindrical retreats. As you can see in the 
part a and b of Fig. 3, the time of construction and/
or reconstruction of this tube is very short.

Metals in sediments and in the inhabitants of the 
bottom

The concentration of toxic metals in the sediment 
of the Bzura River was not high; the highest values 
were determined for Zn and Mn, while the lowest for 
Cd, Ni and Pb (Fig. 4).

Larval tubes of Chironomini (Chironomus and 
Paratendipes) were very similar in regard to the 
concentration of these particular elements (Fig. 5). 
In turn, Paratanytarsus (Tanytarsini) significantly 
differs from the previously mentioned taxa in terms 
of the concentration of the studied metals (Student’s 
t-test, df=10, p=0.000).

We also compared the content of trace metals 
in larvae representing the same trophic group, i.e. 
gathering collectors, but with different behavior. 
As evidenced by our results (Fig. 4), the metal 

concentration was higher in C. riparius larvae 
compared to P. olivacea, except for Cd, which 
occurred in the same amounts in the tissues of both 
species. On the other hand, these metals did not 
show such a uniform trend in imagines, i.e. their 
concentrations were higher in C. riparius (Zn, Cu) 
or in P. olivacea (Ni, Pb, Mn).

The bioconcentration factor (BCF) calculated 
for each metal varied between larvae, tubes and 
imagines, and reached the highest values for Cd 
(imagines and tubes of Paratanytarsus, tubes of 

Figure 3
Chironomus larva a) after 15 min; b) after 90 min after 
placement in a crystallizer with particulate organic 
matter (detritus); c) part of a tube (2000x). Photo 3c 
was made using scanning microscope Vega Ts, at the 
Department of Solid State Physics, Faculty of Physics 
and Applied Informatics, University of  Łódź.
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Figure 4
Metal concentrations in sediments and chironomid larvae, their tubes and imagines. Values of the bioconcentration 
factor are given above each histogram.
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Paratendipes, tubes and imagines of C. riparius), for 
Pb and Ni in tubes of C. riparius and Paratendipes. 
The majority of BCF values for other studied metals 
were slightly below or above 1.  

Discussion

Habitat heterogeneity versus macroinvertebrates 
in rivers

Longitudinal zonation of lotic waters based 
on physical characteristics is reflected in 
biological characteristics (Vannote et al. 1980). 
Macroinvertebrates living on or in the bottom 
sediment of watercourses (onbenthos and inbenthos) 
are very essential for the functioning of their biotas. 
The amounts (both the number and biomass) as 
well as the diversity of this ecological group change 
along the river course, primarily according to the 
flow regime, the granulometry of mineral substrate 
(SI) and temperature. The last factor also regulates 
the availability of food to a large extent (the quality 
and quantity of food sources, both of allochthonous 
and autochthonous origin, including the amount 
of benthic particulate organic matter, BPOM 
(Minshall & Robinson 1998). Macroinvertebrates 
are crucial elements to the functioning of freshwater 
ecosystems, because they represent a link between 
detritus (both of allochthonous and autochthonous 
origin) and grazing food chains. The division 

of stream invertebrates into functional feeding 
groups is based on the mechanisms by which they 
acquire their food. Morphological and behavioral 
adaptations of organisms are helpful in obtaining 
different kinds of POM, including animal matter 
(Berg 1995, Cummins et al. 2005).

Chironomid larvae frequently dominate in 
the benthos, with the highest annual production/
biomass (P/B) values being determined for aquatic 
metazoans (Benke 1993). Thus it is not surprising 
that hydrobiologists have began to search for 
indicator species among these dipterans, which 
have particular requirements for different kinds 
of stress, among them the types of pollutants, 
and the species may be used to characterize the 
quality of environments (Wiederholm 1984, 
Johnson et al. 1993, Lindegaard 1995, Lindegaard 
& Broderson 1995). On the basis of previous studies 
of chironomid assemblages, a pollution index was 
proposed. Winberg (1978) reported that polluted 
rivers were dominated by Tanypodinae, while 
Winner et al. (1980) found that Orthocladiinae 
dominate in this kind of ecosystems. Taking all 
the above searches into consideration, one genus 
of these midges, i.e. Chironomus (Chironomini), 
become the most extensively studied, in terms of 
various aspects of environmental stress, including 
pollutants. However, the discussion about midges as 
indicators of anthropogenic contaminations is still 
open. Tang et al. (2010) who analyzed the structure 

Figure 5
Metal concentration in chironomid tubes: Chironomini (Chironomus, Paratendipes) and Tanytarsini (Paratanytarsus)
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and species abundance of chironomids, as well as all 
macroinvertebrates in streams of varying degrees 
of contamination in Korea, reported that species 
richness of chironomids was almost stable at clean 
to intermediately polluted sites. 

Our investigations showed that the chironomid 
assemblages of the Bzura River were not determined 
by trace metals but rather by high organic enrichment 
(both CPOM and FPOM), with a dominance of 
Prodiamesinae (P. olivacea) and Chironominae − 
Chironomini (Chironomus), but not Orthocladiinae 
and Tanypodinae. This pattern of assemblages has 
been characteristic for many years in this slow-
flowing, sandy-bottom river, with high amounts of 
POM (Grzybkowska 1995, Grzybkowska et al. 2012), 
and comparable with other natural watercourses 
(De Bisthoven et al. 1992). It should be emphasized 
that in comparison with other studied polluted lotic 
ecosystems (Bervoets et al. 1997, 1998; Martinez 
et al. 2002; Smolders et al. 2003; Farag et al. 2007; 
Kucuksezgin et al. 2008), the Bzura River belongs to 
weakly trace metal polluted ecosystems. 

Similarly to the uptake via the body surface and 
via food, and using different transport mechanisms, 
depending on each pollutant (Muscatello & Liber 
2010), metals may also be excreted in different ways: 
feaces, exuviae, or through some detoxification 
processes (Rainbow 1996). Schaller et al. (2011) 
determined the accumulation of metals in situ 
under natural conditions within the food web 
mostly via invertebrate shredders (the key FFG in a 
low order stream section) which, however, was very 
small. This accumulation occurs due to reduction of 
the uptake of inessential elements in the presence 
of nutrient-rich food, even in habitats with higher 
contamination levels. On the basis of our study, this 
statement can be extended to the next trophic group, 
gathering collectors. 

Some studies provide examples of adaptations 
enabling some chironomid taxa to cope with 
pollution, including increased capacity of oxygen 
storage and presence of huge amount of haemoglobin 
(Osmulski & Leyko 1986), capacity of long-term 
anaerobic metabolism, avoidance of polluted 
sediments, both active and passive (drift) behavior 
pattern, changing feeding behavior, modification of 
life history and recently emphasized − protection by 
tubes.

A free-ranger or tube-dweller chironomid larvae

The groups of tube-building organisms (mainly 
from the subfamily Chironominae: Chironomini 
and Tanytarsini) may reach high densities and alter 
the properties of the cohesive sediment, forming 
a matrix of tubes (Ferrington 1992). According 
to Chaloner & Wotton (1996), the tubes in soft 
sediments can reach several centimeters in depth 
and protrude a few millimeters above the sediment 
surface; openings of the tubes above the sediment, 
in which the organisms live, may effectively reduce 
the pressure on the bed (Ólafsson & Paterson 2004).

Some investigations have shown that generally 
both free-ranging chironomid larvae and tube-
dwelling species, which spend a lot of time foraging 
outside the tube, are highly susceptible to predation 
(Tokeshi 1995). However, the advantage and 
disadvantage of being a free-ranger/tube dweller 
may alter the relative importance of predation and 
competition in the community varies in time and/
or space. Susceptibility to predation depends on the 
foraging behavior of predators and the relative size 
ratio of predators to prey, for example young-of-the-
year (YOY) fish eat mainly small chironomid larvae 
(Dukowska & Grzybkowska 2014), while older fish 
consume bigger, well-visible red prey owing to their 
high haemoglobin concentration, and due to the 
fact that they are large-sized and thus make higher 
energetic net gain (Dukowska et al. 2009).

The majority of chironomid pupae also live 
in tubes and the most dangerous episode for each 
individual is leaving the tubes and rising to the 
surface to eclose; during this movement they may 
be eaten in large numbers by predators (e.g. fish,  
Makino et al. 2001). So during the ontogenetic 
development, the period of staying in tubes is very 
important for their safety. It is not surprising that 
a damaged tube is quickly rebuilt by a larva, while 
a pupa lacking a tube accelerates its development in 
order to minimize the danger of been eaten (Mckie 
2004).

As shown in the course of our studies, tubes 
built by closely relative taxa, such as Chironomus 
and Paratendipes, contain similar concentrations of 
trace metals, while Paratanytarsus is a less related 
genus and accumulates smaller amounts of metals. 
Thus, our finding confirmed data of Brennan & 
Mclachlan (1979) that both tube construction and 
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accumulation of metals is, to a large extent, species-
dependent.

Another hypothesis found in the literature, e.g. 
by Halpern et al. (2002), was that tubes may also 
play a key role in protecting their dwellers, as in 
the case of C. luridus, against chemical toxicants 
in the sediment (in addition to making feeding and 
respiration easier and serving as an anti-predator 
mechanism). This presumption was put forward 
by microbiologists on the basis of a high activity of 
non-specific esterase in midgut cells of these larvae. 

Although the accumulation of certain trace 
metals in the tubes was determined, yet the larvae 
with both types of behavior (free-rangers and tube-
builders) had a similar concentration of metals 
in their tissues, which proves the effective metal 
detoxification in these insects (Rainbow 1996).
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