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The use of larvae and pupal exuviae to study the biodiversity
of Chironomidae in Mediterranean streams
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Abstract

A total of 100 larval and 101 pupal taxa were found belonging to 60
and 36 genera, respectively, in 25 river sites in Catalonia (NE Spain).
If we correct for the total number of individuals examined (7629 lar-
vae, 1589 pupal exuviae) the number of genera per 100 individuals is
0.84 for larvae and 2.26 for pupal exuviae and the number of taxa per
100 individuals 1.40 and 6.10, respectively. The following points
explain why a similar number of taxa have been found for larvae and
pupae (despite the large difference in the number of genera): i) diffi-
culties in differentiating the larvae species, especially in some com-
plex rich and frequent genera, such as Cricotopus-Orthocladius (only
six taxa as larvae but 31 as pupae); ii) many (24) larval genera were
not found as pupae (even two subfamilies) while only three genera
where found only as pupal exuviae. This is because of the larger num-
ber of larvae examined, but also because not all the larvae present at
one site had emerged at the time of sampling. Given the difficulties in
classifying the larvae to species level, the collection of pupae remains
a useful method to complement quantification of chironomid biodiver-
sity in a region; until massive DNA-sequencing of field samples of
such invertebrates will be possible and easily available to many
researchers (especially those in low income countries).
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Introduction

Chironomidae is a group of globally distributed aquatic Diptera fre-
quent and abundant in many freshwater habitats, where they often con-
stitute the basic food for many organisms (Armitage et al., 1995). There
are more than 4147 described species of chironomids (Ferrington, 2008).
Species identification is based mostly on the male adult genitalia, some-
times in collections using light traps (Hirabayashi et al., 2010). The use
of larvae is infrequent for biodiversity studies; nevertheless, they are very
important for ecological studies as, sometimes, 50% of the genera of all
aquatic macroinvertebrates may be midges (Rodriguez-Lozano et al.,
2015). Even in places where the local fauna is quite well known, it is
impossible to use larval morphology to produce a complete list of species
(Lencioni et al., 2012; Téth et al., 2013). Usually only genera or groups of
species may be identified (Syrovatka & Brabec, 2010). Moreover, pupal
skins are an excellent material to be used to identify species, sometimes
even more than adults, especially in areas where an identification key
exists, as is the case in Europe (Langton & Visser, 2000). Moreover, the
use of DNA for species identification is becoming more and more promi-
nent in modern taxonomy (Cranston & Krosh, 2012; Anderson ef al.,
2013), phylogenetic studies (Ekrem et al., 2007; Cranston et al., 2010)
and in biomonitoring (Carew et al., 2013). In addition, in the genus
Chironomus species identification requires the use of polytene chromo-
somes (Pfenninger et al., 2007).

In most studies of population dynamics, trophic relationships and
biomonitoring, larvae of the Chironomidae are identified only to fam-
ily or subfamily level. If we consider that in one river site up to 100
species of Chironomidae may be found, it is obvious that plenty of
information is lost (Rieradevall & Prat, 1986a). Keys for the genera of
larval instars of chironomids are available in the Holartic (Saether et
al., 2000) or Paleartic regions (Wiederholm, 1983, 1986; Andersen et
al., 2013), but species keys only exist for some genera. We have pub-
lished several papers on the chironomid larvae of Spanish
Mediterranean river basins (Punti et a/., 2007, 2009), with a total of
125 identified taxa, mostly at genera level, especially in very similar
morphological genera (e.g., Cricotopus and Orthocladius). In other
parts of the world the fauna of Chironomidae is less known, and if keys
are provided for larvae or pupae, several unknown morphologies
appear at the genus level, so there are many genera to describe as
adults (Cranston, 2000; Prat et al., 2014). As a result, most papers list
many unknown morphotypes (Acosta & Prat, 2010; Roque et al., 2010).

As the collection, preparation and identification of pupal exuviae is
relatively easy (Wiederholm, 1986); chironomid biodiversity studies
tend to be based on collections of drift samples, where pupal exuviae
are abundant (Rieradevall & Prat, 1986a; Langton & Casas, 1999;
Lencioni et al., 2007; Garcia & Afidn-Sudrez, 2007). The same is true
in studies relating chironomid communities to pollution (Wilson,
1993) or other disturbances (Raunio et al., 2007). However, as not all
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the Chironomidae present in a site emerge at the same time, the
species list obtained with the pupal skin collections is always incom-
plete (Raunio et al., 2007). Very few studies consider larvae and pupal
exuviae at the same time (Ruse, 1995; Barton et a/., 1996), and usually
in such studies researchers use the few pupae or pupal exuviae found
in benthic samples as a way to identify the larvae present in a specific
site (Tang et al., 2010; Chaib ef al., 2013). This is a time consuming
task and, therefore, not many published papers can be found that use
both larvae and pupal exuviae.

In the present study, samples of larvae and pupal exuviae were col-
lected at the same time in eight river basins in NE Spain. Our main
objective is to provide a list of the taxa found and to compare both types
of inventories (larvae vs pupae) to discuss the advantages of such bina-
ry collections. Our first hypothesis is that with the exuviae we should
find more taxa than with the larvae, due to the fact that we can distin-
guish most of the species within a genus. However, we also hypothe-
size that not all taxa found, as larvae will appear in the pupal exuviae
collection, due to differences in emerging periods among taxa, which
can balance the total taxa found in each instar.

Materials and methods

We collected samples of larvae and pupal exuviae in 25 sites in
Catalonia (NE Spain) in three seasons: spring, summer and autumn
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(Table 1) with a total of 38 samples, in which both larvae and pupae
were found. We use the acronyms listed in Table 1 for the sites in the
text, tables and the Annex of this paper. All the sites were barely dis-
turbed Mediterranean streams (Sanchez-Montoya et al., 2009), the
physico-chemical parameters are those typical of near- pristine
streams (Toro et al., 2002); therefore, changes in communities are
not caused by human disturbance (Punti et al., 2007, 2009).
Samples of pupal skins were taken with a hand net with a mesh
size of 250 microns, using the chironomid pupal exuviae technique
(CPET) field protocol. This method entails searching for exuviae in
areas of the river where foam had previously accumulated
(Rieradevall & Prat, 1986b; Raunio et a/., 2007) and in other areas
where the exuvia may accumulate (e.g., emerged macrophytes). For
larvae we followed the sampling method described in the Guadalmed
protocol (Jaimez et al., 2002), using a hand net of 250 microns; in
this case intensive sampling was carried out and macroinvertebrate
families identified in the field. Several samples were taken until no
new families of macroinvertebrates appeared. Samples were pre-
served in formalin (4%) and transported to the laboratory. All the
pupal exuviae were sorted, examined, classified to the genera level
under the stereoscope and at least 10 individuals of each genera or
morphotype were prepared for observation under the microscope. For
larvae, between 100 and 602 individuals (Table 2) were sorted and
observed under the stereoscope. Larvae were initially identified fol-
lowing the morphotype key of Prat & Rieradevall (2014). All the lar-
vae of the least abundant morphotypes were mounted onto slides,

Table 1. Location of sampling stations where samples of chironomid pupal exuviae and larvae of Chironomidae were collected.

Anoia ANO1 881550 4606550 454 Riera de Carme Tarragona 59.25
Besos B24 924550 4628550 601 Riera de Caldes Barcelona 2.75
Besos B29 941550 4642550 809 Riera d’Avencé Barcelona 6.25
Fluvia FUO01 953550 4698550 474 Riera de Beget Girona 59.50
Fluvia FU02 961550 4695550 338 Rio Llierca Girona 170.75
Fluvia FU03 985550 4686550 61 Rio Fluvia Girona 877.5
Francoli BRO1 846550 4581550 531 Riu Brugent Tarragona 57.00
Llobregat L104 885550 4667550 696 Rio Aigua d’Ora Barcelona 89.75
Llobregat L105 923550 4651550 674 Riera de Postius Barcelona 12.25
Llobregat 142 890550 4647550 341 Rio Cardener Barcelona 785.25
Llobregat L54 903550 4687550 875 Rio Llobregat Barcelona 139.5
Llobregat L60 903550 4670550 514 Rio Llobregat Barcelona 537.25
Llobregat L61 913550 4664550 540 Riera de Merles Barcelona 119.5
Llobregat L67 905550 4650550 323 Rio Llobregat Barcelona 956.5
Muga MU01 995550 4714550 204 Rio Orlina Girona 19.25
Muga MU02 989550 4714550 314 Riera d’Anyet Girona 21.75
Ter TEO01 936550 4707550 1517 Rio Ter Girona 10.5
Ter TE02 943550 4706550 1271 Rio Ritort Girona 4.75
Ter TE03 939550 4677550 1001 Rio Ges Girona 12.75
Ter TE04 930550 4677550 617 Rio Ter Girona 823.25
Ter TE05 928550 4649550 755 Rio Meder Barcelona 14
Ter TE06 966550 4662550 152 Rio Ter Girona 1928.25
Tordera TO01 947550 4638550 660 Rio Tordera Barcelona 15.25
Tordera T0O02 953550 4639550 1264 Riera de Gualba Barcelona 2
Tordera TO03 465322 4617474 103 Riera de Fuirosos Barcelona 15
Calonge TLO1 998550 4652550 157 Torrente de Calonge Girona 425
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while at least 10 larvae were prepared for the most abundant ones.
The slide mounting was done following Epler (2001) using Euparal© Results
as the mounting medium. Pupal exuviae were prepared in a similar

way but without the previous treatment with 10% potassium hydrox- A total of 1589 exuviae were collected belonging to a total of 101 taxa
ide. All the slides and samples are part of the authors’ personal col- (Tables 2 and 3). In Annex we provide the complete list and for each
lection. taxon the following information: the sampling sites, the period of the

Table 2 Percentage and number of genera and species of larvae and pupal exuviae of the midges subfamilies present in rivers studied.

Larvae Pupal exuviae Larvae Pupal exuviae
% % Genera Taxa Genera Spp.
Tanypodinae 7.83 0.57 10 10 3 5
Buchonomyiidae 0.05 0.00 1 1 - -
Diamesinae 541 5.98 2 5 2 2
Prodiamesinae 0.24 0.00 1 1 - -
Orthocladiinae 67.00 68.72 30 52 16 60
Chironominii 5.40 2.52 7 13 7 12
Tanytarsinii 14.08 22.22 9 18 8 22
Total 7129 1589 60 100 36 101

Table 3. Percentage of pupal exuviae and larvae and number of species of exuviae and taxa of larvae at each site. Relative importance

of aggregated data of the genera Cricotopus (C), Orthocladius (O) and Paratrichocladius (P) is also indicated.

Basin Site Pupal Exuviae Pupal Exuviae Larvae Larvae
% Species % Taxa

Anoia ANO1 0.06 1 271 12
Besos B24 4.55 20 2.37 29
Besos B29 0.55 4 2.15 13
Brugent FR1 0.06 1 1.95 26
Fluvia FUO1 6.34 17 433 25
Fluvia FU02 1.54 11 2.07 24
Fluvia FU03 1348 28 6.36 33
Llobregat 1104 043 6 1.31 20
Llobregat L105 0.25 3 4.63 24
Llobregat 142 1.54 5 349 17
Llobregat L54 1.66 4 5.03 17
Llobregat L60 0.37 6 4.78 33
Llobregat L61 1.97 12 4.33 21
Llobregat L67 5.35 19 3.80 24
Muga MU01 16.37 30 4.38 27
Muga MU02 4.06 10 5.22 29
Ter TE01 0.12 2 3.36 15
Ter TE02 0.43 4 45 24
Ter TE03 13.42 19 35 21
Ter TE04 9.97 31 5.23 24
Ter TE05 0.12 2 2.65 20
Ter TE06 14.89 23 4.90 22
Tordera TO01 0.12 4 6.82 17
Tordera TO02 0.43 3 1.73 23
Tordera TO03 0.31 4 1.85 18
Calonge TL01 1.35 3 6.57 22

Total 101 100
9%C+0+P 32.32 25.64
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year [spring (P), summer (V) and autumm (O)] and the number of
exuviae collected. In most of the species (47%) a single skin was found,
while the maximum number of exuviae found for one species in a site
was 132. In 13 sites less than 10 individuals were collected and in only
four cases the number of total exuviae collected was more than 200
(Table 2). The number of taxa per site varied between 1 and 31, and
there is a clear relationship between the number of individuals collect-
ed and the number of species found (Figure 1).

The complete list of larvae collected in the studied sites can be found
in Punti et al. (2007, 2009). The total number of larvae collected at the 25
sites sampled was 7129 from which more than 2000 were prepared on
slides (not all were mounted because some can be identified under the
stereoscope). When comparing the percentage of pupal exuviae in each
chironomid subfamily with those of larvae, we found differences in the
dominance of the different subfamilies (Table 3). While the
Orthocladiinae are dominant both as larvae (67%) and pupal exuviae
(68.72%), Tanytarsinii are relatively more abundant as pupal exuviae and
Tanypodinae are nearly inexistent as pupal exuviae (Table 2). Comparing
individual sites we found that only when at least 200 exuviae were collect-
ed, the number of taxa as pupae and larvae were similar (Table 3).

The number of genera is much higher for larvae (60) than for pupal
exuviae (36) (Table 3). The number of genera with a unique taxon is
slightly larger in the larvae (71.66%) than in the pupal exuviae
(62.6%), while the number of species per genus is higher in the pupal
exuviae (2.69 vs 1.76) (Table 4). The genera Cricotopus + Orthocladius
+ Paratrichocladius, were the most dominant, both in pupal exuviae
(32.32% of the individuals collected) and in larvae (25.64%) (Table 2).
As exuviae we found up to 15 species of Orthocladius, for example, that
we were unable to distinguish as larvae using the current keys (except
for the subgenus Euorthocladius, Table 4). The same is true for
Cricotopus. In the case of Eukiefferiella a similar number of taxa were
found as larvae and exuviae (but not the exact species list). We com-
pared the taxa richness of one sample with more than 200 pupal exuvi-
ae collected (site MU1) and found that the total number of taxa was
similar (28 as exuviae and 25 as larvae). There were more unique lar-
val genera (30) than unique pupal exuviae genera (3). Thirty-two gen-
era were common in both types of inventories.

Discussion

Chironomid scientists tend to use pupal exuviae collections to study
the biodiversity of this group of Diptera. The adults are usually used
only to name the species, but not for large inventories of biodiversity.
The collection, preparation and identification of a given species are
easier with the pupal exuviae than with the adults. Moreover, pupal
exuviae are gaining prominence for their use in applied methods, such
as biomonitoring (Ruse & Davison, 2000). The advantages and disad-
vantages of the use of pupal exuviae and the CPET technique were syn-
thesized by Raunio & Muotka (2005) and Raunio et al. (2007). One of
the main problems of collecting floating pupal exuviae is that some-
times, with this technique, only few individuals are collected, as was
our case in some sites. Why we found so few pupae in some sites is not
clear, because we used a similar time of sampling in all sites. Perhaps,
as most of the sites are in reference condition, there are few places for
pupal skin retention. In spring low temperatures had prevented most of
the species to emerge as adults. In any case, it is clear that with this
set of data conclusions should be considered with caution.

In our study we found 60 genera as larvae and only 36 as pupae,
while the final number of taxa was 100 and 101 despite the difference
in the individuals examined (1589 pupal exuviae vs 7129 larvae).
Therefore, we need 121 larvae or 44 pupae to find one genus and 71 lar-
vae vs 16 pupae to identify one taxon. Our first hypothesis was that we
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must find more taxa in the exuviae collection than in the larvae,
because we are able to distinguish more species. If we look at the total
number of taxa collected the hypothesis is disproven because both
numbers are similar. But if we correct the taxa number for the number
of individuals, with the same number of individuals taken as pupae, we
should find only a total of 22 taxa or 13 genera as larvae (if the increase
of taxa was linear with the individuals captured). However, such linear
relationships do not exist, because as is shown in Figure 1, after 200
individuals the number of taxa of pupae slowly increases. In addition,
larvae live on the substrate for months, while pupae exuviae disappear
after only few days in water, especially if the temperature is high.
Taken together, the above considerations show that our first hypothesis
is not true, which is partly due to the fulfilment of the second hypothe-
sis. If we take into consideration that some of the larval genera that
may provide many species have not been classified to species or
species group, our larval collection might even produce a larger number
of species than the exuvial pupae surface floating collections. In addi-
tion, the number of genera present as larvae was much higher, which
is quite normal because not all larvae present at a given site emerge at
the same time. Therefore, our second hypothesis is correct because
many genera present in the riverbed as larvae were not present in the
pupal exuviae collected (up to 30 genera, nearly 50% of the total genera
collected in both insect stages).

Drift samples provide more species than the CPET technique,
although more sampling time is required (Raunio & Muotka, 2005). In
an extensive study with drift samples, Calle-Martinez & Casas (2007)
found up to 204 species in 39 sites, as did Langton & Casas (1998). In
an intensive survey (24 h taking consecutive drift samples at one hour
intervals), Rieradevall & Prat (1986a) found 62 species in the Llobregat
River in one sampling station. The same authors, ie., Rieradevall &
Prat (1986b), using the CPET technique, found 86 species in 17 sites
along the same river. However, as indicated previously, our results
should be taken with some caution due to the small number of individ-
uals collected in some sites, which may partly be a result of the insuf-
ficint training of the field assistants than to the CPET method itself. In
the future the use of massive sequencing techniques will result in larg-
er larval species lists than the collections of pupal exuviae. This will be
very useful for many studies, including for biomonitoring (Baird and
Hajibabaei, 2012; Woodward et al., 2013).

We conclude that for measuring the biodiversity of midges in rivers,
both types of samples should be collected (collecting approximately 200
pupal exuviae at each site); until all larvae are univocally identified
using barcoding.

P

0 - - - - o )
0 50 100 150 200 250 300

Figure 1. Relationship between the number of individuals cap-
tured as pupal exuviae (abscissa) and the taxa present (ordinate).
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Table 4. Number of taxa within each genus as larvae and pupal exuviae. The total number of genera and the relative importance of the
genera with only one species is also indicated together with the mean number of taxa per genera.

PODONOMINAE: Paraboreocholus minutissimus
TANYPODINAE

Ablabesmyia, Conchapelopia, Macropelopia, Nilotanypus, Procladius, Thienemannimyia, Rheopelopia, Trissopelopia - 1

Larsia, Zavrelimyia
Paramerina

DIAMESINAE
Diamesa
Potthastia
Sympotthastia

PRODIAMESINAE: Prodiamesa olivacea

ORTHOCLADIINAE
Thienemanniella
Corynoneura
Chaetocladius

Cardiocladius, Epoicocladius, Heterotrissocladius, Krenopsectra, Limnophyes, Paraphaenocladius, Paratrissocladius,

Pseudosmittia, Smittia. Symposocladius
Cricotopus
Brillia Parakiefferiella, Tvtenia
Eukiefferiella
Heleniella, Paracladius, Paracricotopus, Paratrichocladius, Synorthocladius
Metriocnemus
Nanocladius
Orthocladius (Eudactylocladius)
Orthocladius (Euorthocladius)
Orthocladius (Orthocladius)
Othocladius + Cricotopus
Parametriocnemus
Rheocricotopus

CHIRONOMINAE

Chironominii

Chironomus, Cryptochironomus, Paratendipes, Phaenopsectra
Harnischia

Microtendipes

Polypedilum

Stictochironomus

Tanytarsinii

Cladotanytarsus, Paratanytarsus, Stempellinela
Micropsectra

Neozavrelia, Virgatanytarsus

Rheotanytarsus

Saetheria, Stempellina

Tanytarsus

N T 2 I

DO QO WO 1 —
IO DD —

S IO s —
Ul = —— O —

TOTAL taxa
Number of genera

101 106
36 60

% of genera with only one species
Mean number of taxa per genera

62.6 71.66
2.80 1.76
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Appendix: Maria Rieradevall

Last October 15%, the professor of Ecology of the Department of
Ecology of the University of Barcelona, Maria Rieradevall passed away.
She started her studies analysing Chironomidae exuviae from the
Llobregat River, and soon after began her PhD thesis about the benthos
of the Banyoles Lake under the supervision of Prof. Dr. Narcis Prat. She
continued her research working on the taxonomy of Chironomidae and
the study of the ecology of Mediterranean rivers. More recently, she
focused on intermittent rivers in the Iberian Peninsula, being one of
the first to consider the joint effect of drought and fire on aquatic
macroinvertebrates. She was also involved in several projects to design
biomonitoring tools to assess the ecological status of Mediterranean

Annex

Pupal exuviae collected in Catalan rivers. For each taxa the sampling
sites codes and the sampling dates are listed in Table 1. P = spring;
V = summer; O = autumn. The number of specimens found is also
indicated. Pex = Pupal exuviae.

TANYPODINAE

Larsia curticalar (Kieffer 1918) MU1P, 3Pex.

Paramerina divisa (Walker, 1856) BR1V, 1Pex.

Paramerina cingulata (Walker, 1856) MU10, 2Pex.

Paramerina sp. FU2P, 1Pex.

Zavrelimyia barbatipes (Kieffer, 1911) B240, 1Pex. MU1P, 1Pex.

DIAMESINAE

Potthastia gaedii (Meigen 1838), FU3P, 14Pex. L67P, 1Pex. L670 6Pex.
MU1P, 42Pex. TE6P, 1Pex

Sympotthastia spinifera Pagast 1947. B240, 6Pex; FUIP, 3Pex. MU1P,
18Pex. MU10, 5Pex; TL1P, 1Pex.

ORTHOCLADIINAE

Corynoneura group

Thienemanniella sp. TE2P, 1Pex. TE4V, 2Pex.

Corynoneura spp. B290, 1Pex. FUIP, 1Pex. FU3P, 2Pex. L600, 1Pex.
Mu2P, 1Pex

Other Orthocladiinae

Brillia bifida (=modesta) Kieffer, 1909. TE6P 2Pex

Chaetocladius melaleucus (Meigen 1818). B240, 1Pex.

Cricotopus (Cricotopus)bicinctus (Meigen 1818). FU3P, 2Pex; L670,
16Pex; TE6P, 5Pex.

Cricotopus (C.) curtus Hirvenoja 1973. L610, 4Pex.

Cricotopus (C.) festivellus (Kieffer, 1906). L670, 1Pex

Cricotopus (C.) flavocinctus (Kieffer, 1924). B240 14Pex.

Cricotopus (C.) fuscus Kieffer 1909. B240, 8Pex. FU2P, 2Pex; Fu3P
4Pex. 1610, 2Pex. L670, 12Pex. MU1P, 1Pex. MU2P, 1Pex. TE3P
6Pex; Te4P, 2Pex. TEGP, 6Pex.

Cricotopus (C.) near levantinus. FU2P, 1Pex.

Cricotopus Pe. 8 Langton 1991. TE3P, 1Pex.

Cricotopus Pe 9 Langton 1991. FU3P, 2Pex. L670, 4Pex.

Cricotopus (C.) similis Goetghebuer 1921. FUIP, 1Pex; FU2P, 1Pex.
TEAP, 1Pex.VV3I, 1Pex.

Cricotopus (C.) tremulus (Linnaeus, 1758). FU1P, 8Pex. FU2P, 3Pex.
TE4P, 9Pex. TE40, 1Pex.

Cricotopus (C.) triannulatus (Macquart, 1826). FU3P, 1Pex.
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and Andean rivers. She always kept her interest in lentic environments,
especially in coastal lagoons and mountain lakes. Her experience on
Chironomidae communities was very valuable when studying paleolim-
nological records to explore the past to understand the present. Along
her research career, she supervised 23 Bachelor/Master, 5 PhD, and 2
ongoing PhD theses and trained a generation of very enthusiastic
researchers who are following her paths. She will be remembered by
her contributions to the Iberian limnology but also by her passion for
docent activities, scientific outreach, and her rigour and creativity in
whatever she was involved. For more details see: BONADA N., CANE-
DO-ARGUELLES M., CID N., OBRADOR B., RODRIGUEZ-LOZANO P,
VERKAIK 1., 2015 - In memoriam: Maria Rieradevall (1960-2015). -
Limnetica. 34: i-vi.

Cricotopus (C.) trifascia Edwards, 1929. FU3P, 1Pex.

Cricotopus (C.) tristis Hirvenoja 1973. L670, 8Pex.

Cricotopus (C.) vierriensis Goetghebuer, 1935. B240 3Pex. FU3P, 2Pex.
L104P, 1Pex; L610, 1Pex, L670, 1Pex, TE20, 1Pex. Te4P, 1Pex. TE4YV,
2Pex. TE40, 1Pex.

Cricotopus (1.) sylvestris (Fabricius, 1794) B240, 3Pex

Cricotopus( I.) trifasciatus (Meigen in Panzer, 1813). L60RO, 1Pex.

Ekiefferiella brehmi Gouin 1943. B240, 2Pex. TE2P, 4Pex. TE3P, 3Pex.

Eukieferiella brevicalcar (Kieffer, 1911). B290, 1Pex. MU1P, 8Pex.
MU2P, 6Pex

Eukieferiella claripennis (Lundbeck, 1898). B240, 2Pex. MU1P, 1Pex.

Eukieferiella clypeata (Kieffer, 1923). FU1P, 1Pex. FU3P, 1Pex. MU1P
2Pex. TE4V 1Pex.

Eukieferiella coerulescens (Kieffer in Zavrel, 1926).TL1P, 1Pex.

Eukieferiella devonica (Edwards, 1929). L610, 2Pex. TE1P, 1Pex.

Eukieferiella gracei (Edwards, 1929). FU2P, 1Pex. FU3P, 3Pex. LA2P,
1Pex. L610, 5Pex. TE1P, 1Pex. TE30, 1Pex.

Eukieferiella ilkleyensis (Edwards, 1929). FUIP, 1Pex. FU3P, 4Pex.
TEO, 1Pex.

Eukieferiella minor-fittkaui B290, 2Pex. TE3P, 1Pex.

Eukieferiella tirolensis Goetghebuer, 1938. TL1P, 3Pex.

Eukieferiella pe2 Langton 1991. L610, 3Pex.

Heleniella serratoisoi Ringe 1976. MU2P, 2Pex.

Orthocladius (Eudactylocladius) fuscimanus Kieffer, in Kieffer &
Thienemann, 1908). B240, 3Pex.

Orthocladius (Euorthocladius) ashei Soponis, 1990. TE4P, 16Pex.
TE40, 4Pex.

Orthocladius (Euorthocladius) luteipes Goetghebuer, 1938. MulO,
2Pex. TE4P, 11Pex.

Orthocladius (Euorthocladius) rivicola Kieffer, 1921. FU1P, 2Pex.
MU1P, 1Pex. TE3P, 44Pex. TE4P, 6Pex. TE40, 2Pex. TE6P, 1Pex.

Orthocladius (Euorthocladius) rivulorum Kieffer, 1909. MU10, 1Pex.
MU2P, 1Pex. TE6P, 2Pex

Orthocladius (Euorthocladius) thienemanni Kieffer in Kieffer &
Thienemann, 1906. AN10, 1Pex.

Orthocladius (Orthocladius) frigidus (Zetterstedt, 1838). FU2P,
1Pex.MU1P, 1Pex. TE4P, 1Pex-

Orthocladius (Orthocladius) glabripennis (Goetghebuer, 1921). TE40,
1Pex.

Orthocladius (Orthocladius) oblidens (Walker, 1856). FUIP, 4Pex.
FU3P, 5Pex. L540, 1Pex. L60RO, 1Pex.L610, 1Pex. L67P, 1Pex. L670,
22Pex. MU1P, 13Pex. TE40, 5Pex. TE6P, 38Pex. TE6O, 1Pex.

Orthocladius (Orthocladius) obumbratus Johannsen, 1905. B240,
2Pex. FUIP, 6Pex. L670, 1Pex. MU1P, 1Pex. TE3P, 1Pex. TE4P, 7Pex.
TE40, 1Pex.
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Orthocladius (Orthocladius) pedestris Kieffer, 1909. MU1P, 2Pex. L670,
1Pex. TE3P, 1Pex. TE4P, 1Pex

Orthocladius (Orthocladius) rivinus Kieffer, 1915. B240, 1Pex. FUI1P,
2Pex. FU2P, 2Pex. L1040, 2Pex.

Orthocladius (Orthocladius) rubicundus (Meigen, 1818). FU1P, 62Pex.
FU2P 11Pex. FU3P 6Pex. L42P, 21Pex. L600, 1Pex. L610, 8Pex. L67P,
1Pex. L670, 10Pex. MU1P, 35Pex. MU2P, 20Pex. MU20, 1Pex. TE3P,
3Pex. TE30, 1Pex. TE4P, 28Pex., TE40, 7TPex. TE6P, 121Pex., TO20,
1Pex.

Orthocladius (Orthocladius) wetterensis L670, 1Pex.

Orthocladius (Orthocladius) pe7 Langton. FU3P, 1Pex.

Orthocladius (Orthocladius) pe8 Langton. TE3P, 2Pex.

Paracladius conversus (Walker, 1856). TE4P, 1Pex.

Paracricotopus niger (Kieffer, 1913). FU1P, 6Pex. L104V, 1Pex. 1420,
1Pex. TE3P, 2Pex. TE4P, 1Pex. TE4P, 1Pex. TE6P, 2Pex. TE4P, 2Pex.
TOL1V, 1Pex.

Parakiefferiella nigra TO1V, 1Pex.

Parametriocnemus borealpinus Gouin in Gouin & Thienemann, 1942.
B240, 1Pex. FU1P, 1Pex. TE5P, 1Pex. TO2V, 2Pex.

Parametriocnemus stylatus (Kieffer, 1924). FU3P, 7TPex. L1050, 2Pex.
MU2P, 2Pex. TL1P, 1Pex. TO3P, 1Pex

Paratrichocladius rufiventris (Meigen, 1830).FU3P, 5Pex. L105P, 1Pex.
L61P, 1Pex. L670, 5Pex. MU1P, 2Pex. MU2, 29Pex. TE4P, 1Pex. TE40,
2Pex. TE40, 2Pex. TE6P, 12Pex.

Rheocricotopus atripes (Kieffer, 1913). B24V, 2Pex, B240, 16Pex. FU3P,
2Pex. TE4V, 2Pex. TE6O, 1Pex.

Rheocricotopus chalybeatus (Edwards, 1929). FU1P, 1Pex. FU3P, 88Pex.
TEAP, 2Pex. TE40, 1Pex. TE6P, 3Pex.

Rheocricotopus effusus (Walker, 1856). TL1P, 2Pex.

Rheocricotopus fuscipes (Kiefer, 1909). L105P, 1Pex. L600, 1Pex. MU1P,
5Pex. TE3P, 3Pex. TL1P, 6Pex.

Synorthocladius semivirens (Kieffer, 1909). MU1P, 1Pex. TE40, 1Pex.

Tvetenia calvescens (Edwards, 1929). B290, 1Pex. FU3P, 14Pex. L600,
1Pex. L610, 3Pex, TEAP, 2Pex. TE4V, 1Pex. TE6P, 18Pex. TL1P, 2Pex.
TO1V, 2Pex. TO3P, 1Pex

CHIRONOMINAE

Chironominii

Chironomus spp. B240, 1Pex. L67P, 1Pex. TO1V, 2Pex.

Cryptochironomus rostratus Kieffer, 1921. TE6P, 1Pex.

Microtendipes brittenni (Edwards, 1929)B24V, 2Pex. FU3P, 3Pex. L670,
2Pex.
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Microtendipes pedellus (De Geer, 1766). B24V, 2Pex. TE3P, 1Pex.

Microtendipes rydalensis (Edwards, 1929). FU1P, 1Pex

Paratendipes albimanus (Meigen, 1918). TE3V, 1Pex. TEGP, 1Pex.

Phaenopsectra flavipes (Meigen, 1818). L670, 1Pex. TEGP, 1Pex.

Polypedilum albicorne (Meigen, 1838). MU1P, 1Pex. TE30, 1Pex. TE4P,
1Pex.

Polypedilum convictum (Walker, 1856). FULP, 2Pex. TE4P, 2Pex.

Polypedilum cultellatum Goetghebuer, 1931. TE6P, 11Pex.

Stictochironomus maculipennis (Meigen, 1818). L61P, 1Pex

Stictochironomus ?stictulus (Fabricius, 1794). 1420, 1Pex.

Tanytarsinii

Cladotanytarsus pe 8 Langton. Te6P, 3Pex.

Micropsectra atrofasciata (Kieffer, 1911). B240, 1Pex. FU3P, 17Pex.
L670, 2Pex. MU1P, 74Pex. TE4P, 2Pex. TE40, 1Pex. TE6P, 3Pex.

Micropsectra lindrothi Goethghebuer in Goetghebuer and Lindroth,
1931. TE2P, 1Pex.

Micropsectra ?logani . 1540, 5Pex.

Micropsectra pallidula. TL1P, 1Pex. TO3P, 2Pex

Neozavrelia fuldensis Fittkau, 1954. TE4P, 3Pex.

Neozavrelia sp. 1540, 20Pex. FUP, 3Pex. L670, 1Pex. TE3P, 132Pex.

Paratanytarsus dissimilis Johanssen, 1905. FU3P, 32Pex. L670, 2Pex.
MU1P, 3Pex.

Rheotanytarsus curtistylus (Goetghebuer, 1921). L1040, 1Pex.

Rheotanytarsus pellucidulus TO1V, 1Pex.

Rheotanytarsus reissi Lehmann, 1970. L1040, 1Pex.

Rheotanytarsus rhenanus Klink, 1983. FU3P, 1Pex. TE4P, 3Pex. TE40,
1Pex.

Rheotanytarsus cf rioensis Langton & Armitage, 1995. TE3P, 2Pex.

Stempellinela flavidula (Edwards), TO3P, 1Pex

Tanytarsus chinyensis Goetghebuer, 1934. FU<p, 2Pex.

Tanytarsus ejuncidus (Walker, 1856). FU3P, 8Pex. MU1P, 9Pex. TEGP.
2Pex.

Tanytarsus gibbosciceps Kieffer. B240, 1Pex.

Tanytarsus heusdensis Geotghebuer, 1923. TL1P, 3Pex.

Tanytarsus multipunctatus Brundin. FU3P, 7Pex. MU1P, 3Pex.

Tanytarsus signatus (Van der Wulp, 1858). MU1P, 5Pex.
Virgatanytarsus sp 2 Langton FU2P, 1Pex.
Virgatanytarsus sp. TEGP 2Pex.
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