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DisTRIBUTION OF CHIRONOMIDAE
(DIPTERA) IN THE RIVER CONTINUUM

INTRODUCTION

Vannote et al. (1980) described a framework - the river continuum system - for integrating predictable and observ-
able biological features in lotic systems. They grouped running waters into headwaters (orders 1-3), medium-sized
streams (4-6), and large rivers (>6). Many headwaters are characterized by low temperatures and high water velocity
resulting in a stony substrate. Further they are often strongly influenced by the riparian vegetation which reduces
autotrophic production by shading and provides large amounts of allochthonous material. Accordingly the inverte-
brate fauna in headwaters is dominated by cold-stenothermous shredders or collectors. As stream size increases, tem-
perature increases, slope and water velocity decrease resulting in a varied substrate of stone, gravel and sand. The
reduced importance of terrestrial organic input is replaced by an increased autochthonous production and transport
of fine organic matter from upstream increasing the importance of grazers and detrital collectors at the expense of
shredders. In large rivers maximum temperatures occur and the substrate often tends to be gravel, sand and silt. The
rivers receive quantities of fine particulate organic matter from upstream. A phytoplankton production can occur,
but may be limited by depth and turbidity. The invertebrates are dominated by eurythermic detrital collectors.

Thienemann (1954) described a number of chironomid communities in primarily high altitude streams, but had at
that time only few data from lowland streams and very little from large rivers. The aim of this paper is to review the
faunistic studies on running water chironomids in order to see if the observed chironomid communities fit into the
proposed conceptual river continuum framework.
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MATERIAL AND METHODS

Data were extracted from the studies listed in Table 1,
which cover 104 sites in 80 different watercourses.
Further data from 11 sites in New Zealand and Australia
are listed in Table 2. A criterium for including these
studies was that they all had identified chironomids to
the same taxonomic level (prevailing to species level),
and this had to be consistent for all subfamilies and
tribes. In fact, many studies had to be excluded due to
inadequate identification especially for Chironomini
and Tanytarsini. Also studies published in national
reports were in most cases neglected. Because sampling
was done in many different ways quantitative aspects
were omitted and species lists were based only on pres-
ence or absence of a species. In a number of studies alti-
tude was mentioned, otherwise it was determined from
topographic maps. Altitude and latitude are important
factors determining the temperature. Informations on
temperature and substrate types when available were
also listed in Table 1. Species composition were
extracted from 70 European studies (marked with an (*)
in Table 1) and stored in an unpublished database.

Because environmental data and chemical/physical
descriptions of sampling sites often are scarce or miss-
ing, two indirect ordination techniques were used to
summarize and arrange sites and species in an ordina-
tion diagram, in the hope that ecological relationships
would emerge. A principal components analysis
(PCA), based on the percentage composition of the six
most common subfamilies/tribes in 104 studies, and a
detrended correspondence analysis (DCA) based on
presencefabsence data (1/0) of 251 species in 67 stud-
ies, were carried out through the computer program
CANOCO (ter Braak, 1992a). PCA and DCA assume
a linear and a unimodal (bell shaped) model for the
relationships between the response of each
subfamily/species to the ordination (environmental)
axes, respectively.

RESULTS

Percentage distribution of chironomid
subfamilies/tribes
From each site the percentage of species in each chirono-

mid subfamily and the tribes Chironomini/Tanytarsini
was calculated (Table 1). From the original descriptions

258

of the localities, it was decided to delimit eight northern
temperate river types: (1) glacial brooks, (2) alpine
streams, (3) subalpine streams, (4) mountain streams,
(5) lower mountain streams, (6) lowland cold streams,
(7) lowland warm streams and (8) lowland warm rivers.
Further a few localities in subtropical and tropical
streams were established as a separate group. This delimi-
tation was based on a combination of latitude, altitude
and temperature. In fact it did not include stream order,
because most European studies unfortunately did not
state stream order and without very detailed topographic
maps this was impossible to determine. However, if we
applied the river continuum to this typing, (1), (2) and
(3) all would be headwaters, (7) medium-sized streams
and (8) large rivers, whereas (4), (5) and (6) included
both headwaters and medium-sized streams.

The zoocenoses of chironomids in the eight categories of
northern hemisphere temperate running waters (Table 1,
nos 1-95) can be described in the following way. In a
typical glacial brook, where temperature is low, rarely
exceeding 4°C in summer, and substrate is composed
mainly of boulders and large stones, there are few species
(average 7) characterized by the cold-stenothermous
Diamesinae making up 45 to 67% of the taxa. The
remaining species are Orthocladiinae. In lower altitudes
the temperature increases as does species richness which
in the alpine brook on average is 23. The
Orthocladiinae takes over the dominance with 60-80%
and the Tanytarsini comes in with about 5%.

In subalpine streams, the temperatures in summer may
reach 10°C and the substrate becomes more varied
with an increase in smaller stones and gravel. Species
richness increases to an average of 49 species and most
subfamilies/tribes are represented. Orthocladiinae dom-
inates with about 60%, although Diamesinae is still
important making up 20%.

The mountain or montane streams are physically very
similar to low alpine streams, but always have finer par-
ticles in their substrate. Further, water temperature in
summer during the day-time may be quite high. This
results in a further increase in species richness, with an
average of 71 species. This increase occurs in all sub-
families/tribes except the Diamesinae, resulting in
lower relative abundances (average 11%).

The lower moum:ain_ or lclwer montane streams are a
mixture between the montane and lowland streams
with substrate types ranging from boulders to sand and
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silt; often macrophytes occur. In the preceding water
types, primary producers mainly are mosses and peri-
phytes. Average monthly temperatures may still be
quite low, but short-termed maximum temperatures
may exceed 20°C. Maximum species richness (on aver-
age 95 species) is recorded here. The Diamesinae and
Orthocladiinae decrease to 6% and 59%, respectively,
while Chironomini increases to 10%.

The summer-cold lowland streams are fed mainly by
ground water causing similar temperature regimes to
lower montane streams. However, the prevailing sub-
strate is more soft and macrophytes are nearly always
present. The species richness averages only 60, indicat-
ing fewer habitats than in the lower montane streams.
The percentage of Diamesinae is unchanged, but the
Orthocladiinae averages only 53%, while contribution
of the Chironomini increases to 15%.

In the summer-warm lowland streams, the average
monthly temperature in summer exceeds 20°C, other-
wise they physically resemble summer-cold streams.
The species richness is on average somewhat higher,
but the average percentage of Orthocladiinae decreases
to 46% while Chironomini increases to 19%. The sum-
mer-warm lowland rivers correspond the large rivers of
the river continuum concept. The temperature in sum-
mer is always high, the substrate is mainly sand and silt
though areas with stone and gravel occur. Macrophytes,
if present, occur only in minor extension along the
banks. Species richness is on average 67. Diamesinae
and Orthocladiinae decrease to 1% and 36%, respec-
tively, while Chironomini makes up 39%.

The described changes in Diamesinae, Orthocladiinae
and Chironomini along the river continuum are - in
spite of large fluctuations within the single running
water type - distinct and significant (Fig. 1). The
changes in the remaining subfamilies/tribes are less dis-
tinct. Tanypodinae increases in average from 4-5% in
the subalpine and montane streams to 10-15% further
downstream the river continuum. In alpine streams
Tanytarsini constitutes about 5% and remains stable
with 10-15% further downstream. Prodiamesinae is
found when water temperature reach 10°C and makes
up 1-3% further downstream. They apparently have
their maximum in the summer-cold lowland streams
and may eventually disappear in the very large rivers.
The species poor Podonominae is found scattered in
the range from subalpine to lower montane streams,

while the single species of Buchonomyiinae is found
only from a few lower montane streams to warm low-
land rivers.

The chironomid communities in subtropical/tropical
streams and rivers are very poorly known (Table 1, nos
96-104, Table 2), but apparently the higher average
temperatures benefit Chironomini, which makes up a
higher percentage compared to otherwise similar tem-
perate running waters.
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Figure 1. Average percentage composition (* 95% confi-
dence limits) of six subfamilies/tribes in eight running water
categories: (1) glacial brooks, (2) alpine streams, (3) sub-
alpine streams, (4) montane streams, (5) lower montane
streams, (6) lowland summer-cold streams, (7) lowland sum-
mer-warm streams and (8) lowland large rivers.
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Figure 2. PCA-biplot showing the separation of six running water categories based on the percentage distribu-
tion of chironomid subfamilies/tribes in 104 running water sites. Arrows are pointing in the directions of maxi-

mum variation in percentage contribution of subfamilies.

Chironomid studies from Australia and New Zealand
demonstrate a somewhat similar zonation as in the
hemisphere, except that other
subfamilies/tribes complicate the patterns (Table 2).
Aphroteniinae occur in low order streams (Cranston
and Edward, 1992); in headwaters and cooler streams
Podonominae are abundant; Diamesinae are species-
poor although sometimes abundant; Prodiamesinae are

northern
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absent and Pseudochironomini (Riethia spp.) may be
numerous (especially in individuals) in middle order
streams. These patterns are evident in temperate
south-eastern Australia (Metzeling et al., 1984) and
Mediterranean south-west Australia even though the
headwaters here are of low elevation (Bunn et al.,
1986, Storey and Edward, 1989). In tropical, mon-
soonal northern Australia, where catchment areas are
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also of modest elevation, subfamily representation is
restricted. Diamesinae is absent, Aphroteniinae rare
only in the upper reaches and Orthocladiinae frequent
only in low order streams. In the middle sections and
lowland flood-plains Chironomini dominate;
Tanypodinae and Tanytarsini are distributed through-
out the continuum (Cranston, 1991).

Wilson (1980) characterized chironomid groups as
“thithral” (Pentaneurini, Diamesinae, Orthocladiinae,
Chironomini connectentes) or “potamal” (Tanypodini,
Macropelopiini, Prodiamesinae, Chironomini genuini,
Tanytarsini) arguing that the first group occurs primarily
in rhithron and the latter in potamon according to the
zonation suggested by Illies and Botosaneanu (1963).
The calculated percentage of rhithral groups declines
gradually from 100% in glacial brooks to an average of
58% in lowland warm rivers (Table 1, nos 1-95). Thus,
this approach shows a great similarity to the succession
described on the basis of the Diamesinae/Orthocladiinae/
Chironomini relationships.

In a PCA ordination biplot (Fig. 2) a high separation
(69% of variance) was found along axis 1, and six of the
named running water categories could be outlined with-
out major overlap. The arrows point in the direction of
maximum variation in percentage contribution of sub-
families (ter Braak and Prentice, 1988), and a water
temperature and/or altitude gradient could be inter-
preted along axis 1, mainly due to the distribution of
Diamesinae and Chironomini. This was shown by plot-
ting the maximum water temperature and the altitude
for each site to the corresponding axis 1 site score from
the ordination analyses (Fig. 3). Temperature appears to
better explain the separation along axis 1 than does the
altitude. However, these two factors are related.

Distribution of chironomid species

A total of 514 chironomid species are recorded from 70
European running water sites representing 52 different
watercourses. This is about 50% of the total number of
Chironomidae known from Europe (Table 3). The
species-rich subfamilies are equally represented (44-54%),
while the occurrence of Tanypodinae and Diamesinae in
running water make up 64% and 71% of total numbers,
respectively. About half of the recorded running water
chironomids occurred in less than four localities and we
eliminated these from the DCA analysis. This did not
alter the proportion between the subfamilies/tribes
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Figure 3. Correlation between ordination-axis 1 site score
and the corresponding altitude (m a.s.l.) and maximum tem-
perature (°C) for the site.

(Table 3). The distribution of the remaining 67 running
water sites in a DCA analysis with 251 species is shown
in Fig. 4. The alpine, subalpine and montane streams are
found to the left, the large rivers are placed to the right,
and the lower montane and lowland streams overlap in
the centre of the diagram. In fact, the groups which can
be distinctly delineated are placed in the same geograph-
ically region. Thus, for example, the alpine, subalpine
and montane streams in Norway, France and Poland are
well separated, and the Mittel and Nieder Rhein are
found to be different from other lowland rivers in
Germany.
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Figure 4. Ordination by DCA showing the scores of 67 European running water sites based on presencefabsence data of 251 chi-
ronomid species. Sites in cursive do not belong to the outlined categories.

The distribution of the 251 species in the same DCA-
diagram is shown in Fig. 5. The Diamesinae and
Podonominae species are mainly placed to the left with
few species in the centre, while the Chironominae
concentrates to the right in the diagram. The
Orthocladiinae is distinctly placed in the middle sec-
tion of the diagram with some species to the left. The
Tanypodinae is also centred though with a tendency to
the right. The Tanytarsini is evenly distributed from
left to right although they avoid the extreme margins.
The Prodiamesinae is centred but with Prodiamesa
rufovittata to the right.

The gradient from left to right along axis | in Figs 4-5
can be clearly correlated to increasing maximum tem-
perature and less distinctly to decreasing altitude (Fig. 3).
The gradient along axis 2 is less obvious, but may to a
large degree reflect geographic distribution. The distri-
bution along the temperature gradient reflects again
the cold-stenothermic nature of most Diamesinae and
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of some Orthocladiinae and Tanytarsini, while many
Chironomini can be considered warm-stenothermic.
Many Orthocladiinae centred in the diagram (Fig. 5)
have a wide distribution along the river continuum
indicating an eurythermic nature.

DiscussionN

Although great overlaps occur, especially in the lower
mountain and summer-cold lowland stream categories, it
was possible to demonstrate distinct shifts in the chirono-
mid community along the river continuum. Also it was
possible to correlate these shifts to temperature, which
was the only environmental factor stated in nearly all
papers. Rossaro (1992) lists optimum mean water tem-
perature (range 4-25°C) for 127 chironomid species from
Italian streams and rivers based on their abundance
in 991 sites. The cold-stenothermic species were
represented by mainly Diamesinae and Orthocladiinae,
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Figure 5. DCA-ordination diagram showing the 251 chironomid species scores of Fig. 4.

while the Chironomini dominated in the range from
17-25°C. A comparison between these optimum mean
temperatures of 88 species and the corresponding
DCA-axis 1 coordinates (Fig. 5) shows a fairly high
correlation (Fig. 6). This correlation makes possible a
rough estimate of the remaining species optimum tem-
perature. Rossaro (1992) stated furthermore that most
species were cold-stenothermous with an optimum
temperature near their minimum tolerance value,

whereas the warm water species were more or less eury-
thermous. This means that temperature may be the key
factor for distribution of Diamesinae and cold-
stenothermic Orthocladiinae, while other factors may
be more important for Chironomini.

Substrate type and available food are supposed to influ-
ence chironomid distribution fully as much as tempera-
ture. However, these two factors are to some degree
linked to temperature as they - according to the river
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continuum concept - change downstream within the
continuum. Functional feeding groups have been
linked to the river continuum concept. However,
because there is an absence of shredders among
Chironomidae, this notion has to be modified if chi-
ronomids are considered in isolation. Further, high lati-
tude or altitude headwaters may deviate from the
general pattern with regard to autotrophy/heterotrophy
by lacking the shading riparian vegetation (Statzner
and Higler, 1985). Accordingly algal grazers such as
Diamesinae and some Orthocladiinae can dominate
glacial brooks, alpine and subalpine streams. At lower
altitudes, the shading effect of riparian vegetation may
diminish algal grazers in headwaters and increase the
importance of scrapers and collectors feeding on a
more detritus rich food (many Orthocladiinae and
Tanytarsini, some Chironomini). In lowland streams
and rivers low water velocity and high amounts of par-
ticulate organic matter will benefit some filterers
(e.g. Rheotanytarsus spp.) and deposit feeders as many
Chironomini. Ward and Williams (1986) found a simi-
lar zonation of chironomids along the Rouge River in
Ontario, Canada, and demonstrated a difference in
available food and food uptake along this gradient.
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They interpreted this zonation to be influenced by
both temperature and substrate. The importance of
substrate in determining species composition is demon-
strated in Little Boulder Creek, where Tilley (1989)
found three species of Chironomini in a canyon site
with boulders and stones. Upstream he recorded six
species of Chironomini at the same low temperature,
but in a meadow site with a gravel and sand dominated
substrate. Furthermore, Rae (1985) demonstrated
strong differences in habitat preference for deposit-
feeding chironomid species when offered a choice of
different sediment grain size, sediment heterogeneity
and content of organic matter.

The discussed subfamilies/tribes of chironomids all are
very rich in species (cf. Table 3) and large differences
in temperature optimum, substrate and food prefer-
ence occur between species within these groups.
Therefore, any generalization based on these large sys-
tematic groups will be broad. A better delimitation
should be achieved by selected groups of species.
However, the large number of species (> 500) in
European running waters makes a clustering difficult
and confused even when the number of species is
reduced to about 250 species. Further, a large number
of species occur in many of the outlined running water
categories, leaving the remaining Diamesinae and
Chironomini species to characterize the uppermost
and lower parts of the river continuum (cf. Fig. 5).
The DCA analysis also grouped running water sites
more to geographic position than to running water
categories (Fig. 4). A similar separation of running
water sites in geographic groups was found by Aagaard
(1993) by analyzing 42 sites in 16 different water-
courses. This was unexpected, because most European
chironomid species seem to be widely distributed
throughout Europe (cf. Ashe and Cranston, 1990) and
Lindegaard (1995) found 75% of the known European
species reported from the Nordic Countries (Denmark,
Sweden, Norway, Finland and Iceland). A high sepa-
ration to geographic areas might therefore be due to
either a real difference in geographic distribution or to
the fact that identification is not good enough. Some
high altitude chironomid species seem to be restricted
to single mountain massifs (cf. Laville and Vingon,
1991; Casas and Vilches-Quero, 1993) or to
Scandinavian mountains versus the Alps (e.g. S=ther,
1968). Lower mountain and lowland chironomids,
however, seem to be very widely distributed.
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The steady increase in species richness from glacial
brooks to a maximum in lower mountain streams fol-
lowed by a decrease further downstream agrees with
Coffman (1989), who stated a maximum richness of
lotic chironomids in 3rd order streams due to primarily
a high ecological heterogeneity. These findings are
consistent with the river continuum concept.

The observed changes in Chironomidae along the river
continuum are - with the implicated modifications -
applicable to the river continuum concept. The river

continuum concept was proposed by Vannote et al.
(1980) to be of world-wide applicability. This state-
ment has subsequently been discussed by a number of
authors (e.g. Winterbourn et al., 1981, Statzner and
Higler, 1985). The described changes in chironomid
communities are based almost exclusively on data from
northern hemisphere temperate streams. If these
changes can be considered valid world-wide, then we
must await further progress in southern hemisphere
taxonomic and basic faunistic studies on chironomids.
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Table 3. Number of chironomid species and percentage distribution of chironomid subfamilies in 70
European running water sites (marked with an (*) in Table 1). Reduced numbers is used in a DCA
analyses of species composition (see text). Total number of chironomid species in Europe is enumerated
from Ashe and Cranston (1990) and some later descriptions and revisions. (A): Percentage of species
found in running water in proportion to species recorded in Europe.

Subfamily 70 running water sites Total
total reduced Europe A
no. % no. % no. % %
Podonominae 3 1 3 1 8 1 40
Tanypodinae 49 10 22 9 76 8 64
Buchonomyiinae 1 - 1 - 1 - 100
Diamesinae 42 8 27 11 59 6 71
Telmatogetoninae - - - - 3 - -
Prodiamesinae 5 1 3 1 10 1 50
Orthocladiinae 230 45 107 43 427 44 54

Chironominae

Chironomini 103 20 52 21 237 24 44
Pseudochironomini 1 - 1 - 1 - 100
Tanytarsini 80 16 35 14 159 16 50
Total 514 101 251 100 981 100 52
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