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Abstract

In this study we examine the possibility of utilising partial cox1 gene sequences as barcodes to identify non-biting midges (Diptera:
Chironomidae). We analysed DNA from 97 specimens of 47 species in the genera Cladotanytarsus, Micropsectra, Parapsectra, Para-

tanytarsus, Rheotanytarsus, Tanytarsus and Virgatanytarsus with a main focus on Micropsectra, Parapsectra and Paratanytarsus. Our
findings show that (1) cox1 is easily amplified from extracts from different life stages with the standard barcoding primers. (2) Although
K2P-distances between con-specific sequences varied up to 4.9%, con-specifics clustered together with 91–100% bootstrap support in
maximum parsimony analysis. This indicates that barcodes may be excellent tools to identify species that are already in a cox1 library.
(3) Both neighbour joining and maximum parsimony failed to reconstruct monophyletic genera. Thus, if a well-matching cox1 sequence
is not already available in the library, the prospects of approximately identifying an unknown taxon, even to the correct genus of subtribe
Tanytarsina, are not good.
� 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The immature stages of the dipteran family Chironomi-
dae are commonly the most diverse and abundant macro-
invertebrates in freshwater ecosystems. Many species
have specific habitat requirements and the species composi-
tions in diverse fresh waters are often read as pointers to
more or less distinct states of environmental gradients.
Therefore, chironomids are frequently used by freshwater
biologists to assess and monitor environmental conditions
(e.g. Brodersen and Lindegaard, 1999; Verneaux and
Verneaux, 2002; Aagaard et al., 2004) and to infer past
environments from the usually abundant and species rich
fossil larval head capsules in lake sediments (e.g. Velle
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et al., 2005). Unfortunately, the larvae and females of
closely related species are usually difficult to distinguish
by means of morphology, and species identification fre-
quently depends on association of these life stages with
identified pupal exuviae or adult males which tend to pos-
ses more species specific characteristics. Moreover, the lar-
vae and females of numerous species, even in the relatively
well-documented European fauna, remain unknown to sci-
ence. Hence, environmental assessments and bio-monitor-
ing of freshwater habitats presumably would have much
to gain if the larvae and other life history stages could be
more readily identified to species.

Relatively few authors have as yet reported the use of
genetic markers as identification tools in studies of Chiro-
nomidae. Different molecular techniques and target genes
have been used in those few studies (Asari et al., 2004;
Carew et al., 2003, 2005; Ekrem and Stur, in press; Sharley
et al., 2004; Willassen, 2005) and some of the results may
be of limited interest as identification tools for practising
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freshwater ecologists, who probably prefer methods that
are directly comparable and universally applicable for all
Chironomidae taxa.

The Barcoding of Life initiative (Hebert et al., 2003a,b)
has envisioned a standardized method to alleviate difficult
species identifications by focusing sequencing efforts on
one target gene, cytochrome c oxidase subunit 1 (cox1).
Cox1 sequence clustering by neighbour joining (NJ) has
been suggested as an effective and suitable way to recognise
and identify animal species (Hebert et al., 2003a,b; Hebert
et al., 2004a) and to discover cryptic taxa (Hebert et al.,
2004b). This approach has been argued to be too imprecise
for reliable species diagnoses in some cases, and character
based identification systems have therefore been proposed
as the preferred way to proceed with the Barcoding of Life
Project (DeSalle et al., 2005).

Complete knowledge of the life stages of an organism is
essential for a good understanding of its ecology, taxonomy,
phylogeny and evolution. An acknowledged advantage of
DNA-barcoding is the possibility to easily associate
different life stages of the same species (Blaxter, 2004;
Stoeckle, 2003). This is particularly valuable when taxa
are difficult to rear in the laboratory, and several studies
have recognised the benefit of short DNA sequences in
associating immature stages with adult counterparts (e.g.
Hebert et al., 2004b; Barrett and Hebert, 2005; Miller
et al., 2005; Paquin and Hedin, 2004; Thomas et al.,
2005; Vences et al., 2005a,b). Many chironomid species
are both difficult to rear in the laboratory and unknown
as larvae. Only one study has so far demonstrated the
usefulness of DNA-barcodes to associate chironomid life
stages in practice (Carew et al., 2005).

The goals of the present study were to (1) test the success
of cox1 amplification in chironomids with the suggested
general PCR primers for DNA-barcoding (LCO1490 and
HCO2198) and (2) investigate whether partial cox1 gene
sequences can be used to associate life stages and identify
species of non-biting midges. We chose to focus on species
of the Tanytarsini genera Micropsectra, Parapsectra and
Paratanytarsus because the species comprised by these gen-
era are well studied and presumably morphologically rela-
tively distinct. Fresh material of numerous species was
available from some of our latest field trips in Europe.

2. Materials and methods

2.1. Taxon sampling and identification

The taxa included in this study were selected with the
aim of getting representatives of as many of the known spe-
cies in Micropsectra, Parapsectra and Paratanytarsus as
possible. Field work was mainly conducted in Europe,
but some material from other geographical regions was
made available to us by colleagues (Table 1). Most of the
specimens sampled were adult males (n = 81, 85.3%), nine
of which were reared from immature stages and thus have
associated larval and/or pupal exuviae (Table 1). Six spec-
imens were adult females that all but one could be identi-
fied to species by associated pupal skins. Two of the
sampled specimens were pupae and six were larvae of
which four only could be identified to genus level due to
incomplete knowledge of larval taxonomy (Micropsectra

sp. B, Micropsectra sp. C, Paratanytarsus sp., Rheotanytar-
sus sp.). Some of the species sampled in this study also
could not be named since they were previously unknown
to science and are pending formal descriptions (Micropsec-

tra sp. A, Parapsectra sp. A, Parapsectra sp. B, Tanytarsus

sp. B). More than one life stage was sequenced from six of
the included species (Table 1). When possible, we included
three specimens of each species, preferably from different
locations. The species were identified by their original
descriptions and by recent revisions (Stur and Ekrem,
2006; Säwedal, 1976; Reiss and Säwedal, 1981). We also
examined types and other reference material in the Natural
History Collections in Bergen, Norway and Zoologische
Staatssammlung München, Germany. Voucher specimens
are deposited in the Natural History Collections, Bergen
Museum, University of Bergen, Norway and in the Muse-
um of Natural History and Archaeology, Norwegian
University of Science and Technology in Trondheim,
Norway.

2.1.1. Extraction, amplification, sequencing and alignment

DNA extraction largely followed the standard protocol
for the Qiagen DNeasy tissue extraction kit. We used only
120–170 ll elution buffer (depending on specimen size)
to yield an appropriate concentration of DNA in the
DNA template solutions. Each PCR was made with addi-
tion of 2 ll DNA template, 2.5ll 10 · PCR buffer (Qiagen,
with �15 mM MgCl2), 2 ll of dNTPs in 10 lM concentra-
tion, 1 ll of each of the suggested standard barcode prim-
ers (Folmer et al., 1994) LCO1490 (50-GGTCAACA
AATCATAAAGATATTGG-30) and HCO2198 (50-TA
AACTTCAGGGTGACCAAAAAATCA-30) in 10 lM
concentration, 1 U of Qiagen HotStar Taq DNA polymer-
ase, and distilled water for a total reaction volume of 25 ll.
The PCR had 5 cycles of 30 s annealing at 45 �C and 35
cycles of 30 s annealing at 51 �C in a typical step-up proce-
dure on PTC-100 and PTC-200 PCR machines from MJ
Research. The PCR products were purified using QIAquick
PCR purification kit (Qiagen). Purified products were
sequenced in both directions using BigDye (Perkin-Elmer)
termination reactions and analysed on ABI377 or ABI
Prism 3100 genetic analysers. Sequences were assembled
and edited using Sequencher 3.1.1 (Gibbs and Cockerill,
1995) or BioEdit 7.0.5.2 (Hall, 1999), and aligned in BioEd-
it. Alignment of the nucleotide sequences was unproblem-
atic since indels were absent and conceptual translation
with the invertebrate mitochondrial code returned uninter-
rupted amino acid sequences that were identified as cox1
fragments with blastp search in GenBank. After trimming
of uncertain bases at both ends, the aligned sequences were
654 bp long. An overview of species sequenced and their
respective GenBank accession numbers is given in Table 1.



Table 1
List of analysed specimens with associated sample localities, voucher reference numbers and accession numbers

Taxon Life stage Locality Voucher
number

Accession
number

Cladotanytarsus atridorsum (Kieffer, 1924) Male adult Norway, Aust Agder, Valle, Flåni, 29.VI.2001, T. Ekrem To81 AM398682
Cladotanytarsus pallidus (Kieffer, 1922) Male adult, pex,

lex
Germany, Bavaria, Munich, Nymphenburger Park, Kleiner See, 13-17.VII.1999, T. Ekrem To02 AM398683

Micropsectra appendica (Stur and Ekrem,
2006)

Male adult Norway, Hordaland, Bergen, Espeland, at marine research station, 07.V.2003, E. Stur & T.
Ekrem

To132 AM398684

Micropsectra appendica Male adult Norway, Hordaland, Bergen, Espeland, at marine research station, 07.V.2003, E. Stur & T.
Ekrem

To133 AM398685

Micropsectra atrofasciata (Kieffer, 1911) Male adult Norway, Sør Trøndelag, Oppdal, Kongsvold, Blesbekken, 1350 m a.s.l., 9.IX.2004, T.
Ekrem

To152 AM398686

Micropsectra attenuata (Reiss, 1969) Male adult Luxembourg, Diekirch, N Haerebierg, Rheocrene spring at Schmittenhaff, 27.VI.2002, T.
Ekrem

To109 AM398687

Micropsectra attenuata Male adult Norway, Hordaland, Bergen, Fjellveien at Starefossen, 07.V.2003, E. Stur & T. Ekrem To131 AM398688
Micropsectra attenuata Male adult Germany, Bavaria, Achmühle, spring brook, 03.V.2005, T. Ekrem To302 AM398689
Micropsectra contracta (Reiss, 1965) Male adult, pex,

lex
Germany, Bavaria, Ramsau, Hintersee, 6.VII.1999, T. Ekrem To06 AM398690

Micropsectra contracta Male adult Germany, Bavaria, Murnauer Moos, Fügsee, 27.VII.2005, T. Ekrem To356 AM398691
Micropsectra contracta Male adult Germany, Bavaria, Murnauer Moos, Fügsee, 27.VII.2005, T. Ekrem To357 AM398692
Micropsectra contracta Male adult Germany, Bavaria, Murnauer Moos, Fügsee, 27.VII.2005, T. Ekrem To358 AM398693
Micropsectra insignilobus (Kieffer, 1924) Male adult Norway, Hordaland, Odda, Dyrskar, 7.VII.2001, T. Ekrem To31 AM398694
Micropsectra insignilobus Male adult West Greenland, Kangerlussuaq,Tasersuatsiaq (Lake Ferguson), 09.VII.2002, C.

Lindegaard
To182 AM398695

Micropsectra insignilobus Male adult West Greenland, Kangerlussuaq,Tasersuatsiaq (Lake Ferguson), 09.VII.2002, C.
Lindegaard

To184 AM398696

Micropsectra junci (Meigen, 1818) Male adult Norway, Sogn og Fjordane, Aurland, Vestredalsvatnet, 21.VII.2001, T. Ekrem To54 AM398697
Micropsectra junci Male adult Luxembourg, Diekirch, N Haerebierg, Rheocrene spring at Schmittenhaff, 06.VII.2003, leg.

T. Ekrem
To154 AM398698

Micropsectra junci Male adult Luxembourg, Diekirch, N Haerebierg, Rheocrene spring at Schmittenhaff, 06.VII.2003, leg.
T. Ekrem

To157 AM398699

Micropsectra kurobemaculata (Sasa and
Okazawa, 1992)

Male adult Japan, Honshu, Ibaraki, Mt. Tsukuba, 11.IX.2000, T. Ekrem To07 AM398700

Micropsectra kurobemaculata Male adult Japan, Honshu, Ibaraki, Mt. Tsukuba, 11.IX.2000, T. Ekrem To08 AM398701
Micropsectra logani (Johannsen, 1928) Male adult Norway, Vest Agder, Vennesla, Skjerkedalsbekken at Åmdal, 6.VII.2001, T. Ekrem To33 AM398702
Micropsectra logani Female adult, pex West Greenland, Kangerlussuaq, Melt water from glacier, at waterfall, 5.VII.2002, C.

Lindegaard
To187 AM398703

Micropsectra logani Female adult, pex West Greenland, Kangerlussuaq, Melt water from glacier, at waterfall, 5.VII.2002, C.
Lindegaard

To188 AM398704

Micropsectra logani Male adult Norway, Bear Island, Spælvatnet, Malaise trap, 12.-19.VII.2002, O.K. Berg & A. Finstad Bj50 AM398705
Micropsectra notescens (Walker, 1856) Male adult Germany, Bavaria, Wolfratshausen, Achmühle, light at string brook, 22.VI.2005, E. Stur To315 AM398706
Micropsectra notescens Male adult Germany, Thuringia, Hainich National Park, Silbersee, 18.VI.2005, leg. M. Kotrba To324 AM398707
Micropsectra notescens Male adult Germany, Bavaria, Murnauer Moos, Limnocrene spring, 01.V.2005, T. Ekrem To351 AM398708
Micropsectra notescens Male adult Germany, Bavaria, Murnauer Moos, Limnocrene spring, 01.V.2005, T. Ekrem To352 AM398709
Micropsectra notescens Female adult Germany, Bavaria, Murnauer Moos, Limnocrene spring, 01.V.2005, T. Ekrem To353 AM398710
Micropsectra notescens Male adult Germany, Thuringia, Hainich National Park, Silbersee, 18.VI.2005, leg. M. Kotrba To354 AM398711
Micropsectra pallidula (Meigen, 1830) Male adult Norway, Vest Agder, Vennesla, Skjerkedalsbekken at Åmdal, 6.VII.2001, T. Ekrem To34 AM398712
Micropsectra pallidula Male adult Norway, Vest Agder, Vågsbygd, Kjosbekken at Storevann, 2.VII.2001, T. Ekrem To74 AM398713
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Micropsectra pharetrophora (Fittkau and
Reiss, 1999)

Male adult, pex,
lex

Germany, Bavaria, Berchtesgaden National Park Herrenroint, spring 24c, 24.VI.2000, E. Stur To11 AM398714

Micropsectra pharetrophora Female adult, pex Germany, Bavaria, Berchtesgaden National Park Herrenroint, spring 24c, 24.VI.2000, E.
Stur

To12 AM398715

Micropsectra polita (Malloch, 1915) Male adult West Greenland, Kangerlussuaq,Tasersuatsiaq (Lake Ferguson), 09.VII.2002, C.
Lindegaard

To181 AM398716

Micropsectra polita Male adult West Greenland, Kangerlussuaq,Tasersuatsiaq (Lake Ferguson), 09.VII.2002, C.
Lindegaard

To183 AM398717

Micropsectra radialis (Goetghebuer, 1939) Male adult Norway, Hordaland, Ulvik, Finse, Research Station, 17.VII.1999, E. Willassen To35 AM398718
Micropsectra radialis Male adult Norway, Hordaland, Ulvik, Finse, Research Station, 17.VII.1999, E. Willassen To37 AM398719
Micropsectra recurvata (Goetghebuer, 1928) Male adult Norway, Hordaland, Ulvik, Finse, Research Station, 17.VII.1999, E. Willassen To38 AM398720
Micropsectra roseiventris (Kieffer, 1909) Male adult Norway, Hordaland, Øygarden, Turøy, 13.IV.2002, E. Stur To84 AM398721
Micropsectra schrankelae (Stur and Ekrem,

2006)
Male adult Norway, Sogn og Fjordane, Aurland, Aurlandsvatnet, 21.VII.2001, T. Ekrem To42 AM398722

Micropsectra schrankelae Male adult Norway, Sogn og Fjordane, Aurland, Aurlandsvatnet, 21.VII.2001, T. Ekrem To43 AM398723
Micropsectra schrankelae Male adult Norway, Sogn og Fjordane, Aurland, Aurlandsvatnet, 21.VII.2001, T. Ekrem To44 AM398724
Micropsectra schrankelae Male adult Germany, Bavaria, Berchtesgaden National Park, Herrenroint, Spring 24d, 15.V-

15.VI.2001, E. Stur & S. Wiedenbrug
To47 AM398725

Micropsectra schrankelae Male adult Luxembourg, Diekirch, N Haerebierg, Rheocrene spring at Schmittenhaff, 27.VI.2002, T.
Ekrem

To108 AM398726

Micropsectra seguyi (Casas and Laville,
1990)

Male adult Germany, Bavaria, Berchtesgaden National Park, Schapbach spring, 27.V.-14.VI.2005, F.
Eder

To333 AM398727

Micropsectra seguyi Male adult Germany, Bavaria, Berchtesgaden National Park, Schapbach spring, 27.V.-14.VI.2005, F.
Eder

To334 AM398728

Micropsectra sofiae (Stur and Ekrem, 2006) Male adult Germany, Bavaria, Berchtesgaden National Park, Schapbach spring, 23.IX.2001, E. Stur &
S. Wiedenbrug

To92 AM398729

Micropsectra sofiae Male adult Germany, Bavaria, Berchtesgaden National Park, Schapbach spring, 29.IX.2001, E. Stur &
S. Wiedenbrug

To145 AM398730

Micropsectra sofiae Male adult Luxembourg, Gutland, SW Kopstal, Rheocrene spring, 25.VI.2002, T. Ekrem & E. Stur To166 AM398731
Micropsectra sofiae Male adult Norway, Sør Trøndelag, Brekken, Sørlende, B2, 30.VII.-15.VIII.2005, K. Aagaard et al. Sø11 AM398732
Micropsectra sofiae Male adult Norway, Sør Trøndelag, Brekken, Sørlende, B1, 30.VII.-15.VIII.2005, K. Aagaard & et al. Sø12 AM398733
Micropsectra sp. A Male adult, pex Switzerland, Berner Oberland, Grimselpass, Oberaars Dam, Stream at Berghaus,

14.VII.2005, T. Ekrem
To336 AM398734

Micropsectra sp. A Female pupa Switzerland, Berner Oberland, Grimselpass, Oberaars Dam, Stream at Berghaus,
14.VII.2005, T. Ekrem

To349 AM398735

Micropsectra sp. B Larva Switzerland, Berner Oberland, Grimselpass, Oberaars Dam, Stream at Berghaus,
14.VII.2005, T. Ekrem

To350 AM398736

Micropsectra sp. C Larva Norway, Sør Trøndelag, Agdenes, Rockpools at lighthouse, 6.VIII.2004, T. Ekrem & E. Stur To361 AM398737
Parapsectra mendli (Reiss, 1983) Male adult Germany, Bavaria, Berchtesgaden National Park, Herrenroint spring 308, 14.-28.VI.2005,

R. Gerecke
To335 AM398738

Parapsectra nana (Meigen, 1818) Male adult Norway, Hordaland, Vaksdal, Bolstadfjorden at Straume, Sweep net, 17.V.2003, E. Stur &
T. Ekrem

To135 AM398739

Parapsectra sp. A Male adult Norway, Hordaland, Ulvik, Finse, at Research Station, 17.VII.1999, E. Willassen To39 AM398740
Parapsectra sp. A Male adult Norway, Hordaland, Ulvik, Finse, at Research Station, 17.VII.1999, E. Willassen To40 AM398741
Parapsectra sp. A Male adult Norway, Sogn og Fjordane, Aurland, Vestredalsvatnet, 21.VII.2001, T. Ekrem To55 AM398742
Parapsectra sp. A Male adult Norway, Sør Trøndelag, Brekken, Sørlende, C2, 04.-10.VII.2005, K. Aagaard et al. Sø04 AM398743
Parapsectra sp. B Male adult Germany, Bavaria, Murnauer Moos, Rollischsee, 26.V.2005, E. Stur & T. Ekrem To307 AM398744

Paratanytarsus austriacus (Kieffer, 1924) Male adult, pex,
lex

Germany, Bavaria, Ramsau, Hintersee, 6-12.VII.1999, T. Ekrem To04 AM398745

Paratanytarsus austriacus Male adult Germany, Bavaria, Murnauer Moos, Fügsee, 27.VII.2005, T. Ekrem To355 AM398746
(continued on next page)
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Table 1 (continued)

Taxon Life stage Locality Voucher
number

Accession
number

Paratanytarsus austriacus Male adult Norway, Sør Trøndelag, Brekken, Sørlende, A1, 10.-19.VII.2005, K. Aagaard et al. Sø01 AM398747
Paratanytarsus austriacus Male adult Norway, Sør Trøndelag, Brekken, Sørlende, A1, 10.-19.VII.2005, K. Aagaard et al. Sø02 AM398748
Paratanytarsus austriacus Male adult Norway, Bear Island, Spælvatnet, Malaise trap, 12.-19.VII.2002, O.K. Berg & A. Finstad Bj55 AM398749
Paratanytarsus austriacus Male adult Norway, Bear Island, Spælvatnet, Malaise trap, 12.-19.VII.2002, O.K. Berg & A. Finstad Bj62 AM398750
Paratanytarsus bituberculatus Male adult Germany, Thuringia, Hainich National Park, Silbersee, 18.VI.2005, leg. E. Stur & T. Ekrem To318 AM398751
Paratanytarsus dissimilis (Johannsen, 1905) Male adult Germany, Thuringia, Hainich National Park, Silbersee, 18.VI.2005, leg. E. Stur & T. Ekrem To316 AM398752
Paratanytarsus grimmii (Schneider, 1885) — Australia, Greater Melbourne Area (Carew et al., 2005) AY752669
Paratanytarsus grimmii Female adult, pex Norway, Bergen, University of Bergen, Dept. of Zoology, Wet Lab., I.2001, G. A.

Halvorsen
To18 AM398753

Paratanytarsus hyperboreus (Brundin, 1949) Male adult Norway, Sogn og Fjordane, Aurland, Aurlandsvatnet, 21.VII.2001, T. Ekrem To45 AM398754
Paratanytarsus intricatus (Goetghebuer,

1921)
Male adult Germany, Thuringia, Hainich National Park, Silbersee, 18.VI.2005, leg. E. Stur & T. Ekrem To317 AM398755

Paratanytarsus laetipes (Zetterstedt, 1850) Male adult Germany, Thuringia, Hainich National Park, Silbersee, 18.VI.2005, leg. E. Stur & T. Ekrem To319 AM398756
Paratanytarsus laetipes Male adult Germany, Thuringia, Hainich National Park, Silbersee, 18.VI.2005, leg. E. Stur & T. Ekrem To320 AM398757
Paratanytarsus laetipes Male adult Germany, Thuringia, Hainich National Park, Silbersee, 18.VI.2005, leg. E. Stur & T. Ekrem To321 AM398758
Paratanytarsus natvigi (Goetghebuer, 1931) Male adult Norway, Sogn og Fjordane, Aurland, Aurlandsvatnet, 20.VII.2001, T. Ekrem To50 AM398759
Paratanytarsus setosimanus (Goetghebuer,

1933)
Male adult Norway, Sør Trøndelag, Agdenes, Rockpools at lighthouse, 6.VIII.2004, T. Ekrem & E.

Stur
To359 AM398760

Paratanytarsus setosimanus Female pupa Norway, Sør Trøndelag, Agdenes, Rockpools at lighthouse, 6.VIII.2004, T. Ekrem & E.
Stur

To360 AM398761

Paratanytarsus setosimanus Prepupa Norway, Sør Trøndelag, Agdenes, Rockpools at lighthouse, 6.VIII.2004, T. Ekrem & E.
Stur

To362 AM398762

Paratanytarsus tenuis (Meigen, 1830) Male adult Norway, Hordaland, Kvam, Tørvikvatn, 24.VII.2001, G. A. Halvorsen To61 AM398763
Paratanytarsus tenuis Male adult Norway, Hordaland, Kvam, Tørvikvatn, 24.VII.2001, G. A. Halvorsen To63 AM398764
Paratanytarsus sp. Larva Norway, Sør Trøndelag, Agdenes, Rockpools at lighthouse, 6.VIII.2004, T. Ekrem & E.

Stur
To363 AM398765

Rheotanytarsus pentapoda (Kieffer, 1909) Male adult, pex,
lex

Norway, Vest Agder, Søgne, Søgneelva, 5.VII.2001, T. Ekrem To41 AM398766

Rheotanytarsus sp. Larva South Africa, Western Cape Province, Vogelgat Nature Reserve, Main Waterfall, 04.I.2005,
T. Ekrem & E. Stur

To176 AM398767

Tanytarsus brundini Male adult Norway, Sør Trøndelag, Brekken, Sørlende, A2, 10.-19.VII.2005, K. Aagaard et al. Sø05 AM398768
Tanytarsus brundini Male adult Norway, Sør Trøndelag, Brekken, Sørlende, B1, 30.VII.-15.VIII.2005, K. Aagaard et al. Sø13 AM398769
Tanytarsus curticornis (Kieffer, 1911) Male adult Norway, Aust Agder, Valle, Flåni, 29.VI.2001, T. Ekrem To82 AM398770
Tanytarsus mendax (Kieffer, 1925) Male adult, pex,

lex
Germany, Bavaria, Munich, Nymphenburger Park, Kleiner See, 24-28.VII.1999, T. Ekrem To01 AM084268

Tanytarsus mendax Male adult, pex,
lex

Germany, Bavaria, Munich, Nymphenburger Park, Kleiner See, 13-19.VII.1999, T. Ekrem To05 AM084269

Tanytarsus sp. A — Australia, Greater Melbourne Area (Carew et al., 2005) AY752686
Tanytarsus sp. B Male adult Brazil, Sao Paulo State, Populina, Posto Amaral, Rio Grande, 14.VII.2002, A.R. Calor To94 AM398771
Virgatanytarsus aboensis (Harrison, 2004) Female adult, pex South Africa, Western Cape Province, Franschhoek, tributary to Berg River, 5.I.2005,

T. Ekrem & E. Stur
To198 AM398772

Virgatanytarsus aboensis Male adult, pex,
lex

South Africa, Western Cape Province, Franschhoek, tributary to Berg River, 5.I.2005,
T. Ekrem & E. Stur

To304 AM398773

Virgatanytarsus aboensis Larva South Africa, Western Cape Province, Franschhoek, tributary to Berg River, 5.I.2005,
T. Ekrem & E. Stur

To310 AM398774

Pex, associated pupal exuviae; lex, associated larval exuviae. Acronyms in voucher numbers: ‘‘To’’, sample processed by Torbjørn Ekrem; ‘‘Bj’’, sample from Bear Island (‘‘Bjørnøya’’); ‘‘Sø’’, sample
from Sølendet Natural Reserve.
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2.1.2. Analysis

Neighbour joining (NJ) and maximum parsimony ana-
lyses were conducted using PAUP* 4.10b (Swofford,
1998). Neighbour joining analysis was based on the
Kimura 2-parameter (K2P) substitution model for easier
comparison with other DNA-barcode studies. Initial
maximum parsimony (MP) analysis used 100 random rep-
licates in heuristic searches with TBR branch swapping and
the multrees option in effect. Extensive searches used 1000
random replicates, keeping only 400 trees equal or longer
length than 2416 steps to visit more ‘tree-islands’ without
considerably increasing analysis time. Bootstrapping was
performed with 1000 bootstrap replicates in NJ analyses
and 250 bootstrap replicates on 100 heuristic search
replicates in parsimony analyses. Identical sequences were
deleted to increase speed of parsimony bootstrap analysis.
Tree graphics were produced using TreeView (Page, 1996).
3. Results

Partial cox1 gene sequences were sequenced from 97
specimens of 47 species (Table 1), covering approximately
50% of the European species of Micropsectra and Parata-

nytarsus (Stur and Ekrem, 2006; Sæther and Spies, 2004).
The standard barcode primers worked well on templates
from all tested species except for Micropsectra calcifontis

(Stur and Ekrem, 2006). We observed no difference
in amplification or sequencing success with extracts from
different life stages.

Micropsectra sp. A, Parapsectra sp. A, Parapsectra sp. B
and Tanytarsus sp. B are as yet undescribed species. We
find it interesting to observe that a relatively small survey
still reveals several morphospecies that have remained
unnoticed in one of the best sampled regions in the world.

There were 273 variable sites in the 654 bp character
matrix (41.7%), most of which occurred in the third codon
position (Table 2). The sequences were heavily AT-biased,
in particular in third position which showed a combined
average composition of 87.3% (Table 2). Thus, it was not
a surprise that plotting of third position transitions against
K2P distances (not shown) indicated saturation of 3rd
codon position transitions.

There were no identical gene sequences between species,
thus all species were separable by genetic distance and
character state differences (Figs. 1 and 2). Sequences of sev-
eral specimens were identical within species, and genetic
distances were usually considerably greater between than
within morphological species (but see comments below
Table 2
Variable sites and average nucleotide composition in the analysed cox1 gene s

Nucleotide pos. % Variable sites % Adenine

1st 22.5 28.9
2nd 0.4 14.2
3rd 98.6 42.6
All 41.7 28.6
on Micropsectra notescens). However, there was no clear-
cut gap between intra- and interspecific genetic distance
variation (Fig. 3). Average intra- and interspecific P-dis-
tances were 0.87% and 14.7%, respectively. K2P divergence
varied from 0% to 4.9% within species with a maximum
divergence average (coalescent depth) of 0.9%. Between
species, the variation was from 5.1% to 25.2% (16.2% on
average). Nevertheless, con-specific cox1 gene sequences
mostly grouped with 100% bootstrap support in NJ and
maximum parsimony analyses (91% for Micropsectra

sofiae) (Fig. 2).
The NJ and MP consensus trees (Figs. 1 and 2) did not

depict monophyletic genera and corresponded poorly with
the authors’ current knowledge on Tanytarsini phylogenies
(Ekrem and Willassen, 2004; Stur and Ekrem, 2006). The
MP analyses generated 381 different trees of equal length
(2415 steps, CI 0.20, RI 0.68), and the strict consensus tree
conflicted with the NJ tree in many respects. Nevertheless,
all species except M. notescens were monophyletic.

The specimens identified as M. notescens divided into
two separate clusters. Nucleotide sequences of these speci-
mens differed by maximum 13.1% (K2P-distances) and in
up to 78 nucleotide sites. The substitutions on all but one
codon site (pertaining to the non-polar amino acids isoleu-
cine and valine) are synonymous. These diverging speci-
mens were collected from three populations in Germany,
two in southern Bavaria and one in Thuringia, but repre-
sentatives of both clusters were found in sympatry at the
locality in Murnauer Moos (Table 1). The morphologically
defined M. notescens appeared polyphyletic in the NJ and
parsimony trees. We suspected that saturation of phyloge-
netic signal might affect the outcome of both NJ and MP
trees, and therefore conducted separate analyses on a
matrix confined to Micropsectra sequences only. This made
M. notescens paraphyletic with Micropsectra contracta

(Figs. 4 and 5).
4. Discussion

4.1. Technical feasibility of barcode identification in
chironomids

One goal for this study was to test the effectiveness of
the ‘universal’ barcode primers (LCO1490 and HCO2198)
on chironomids. Primer design is critical for the success
of large scale DNA-barcoding (Hajibabaei et al., 2005),
and the method would probably be too awkward for rou-
tine applications if a large battery of special primers were
equences

% Cytosine % Guanine % Thymine

18.1 26.3 26.7
26.2 17.0 42.6
10.0 2.7 44.7
18.1 15.3 38.0



Fig. 1. Neighbour joining tree of partial cox1 sequences. Bootstrap values on branches. Scale = K2P-distance.
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required to obtain sequences from various taxa. We have
amplified partial cox1 gene sequences from 47 species of
Chironomidae in this study, and only discovered one spe-
cies from which cox1 was impossible to amplify with the
standard barcode primers. The reason for failed amplifica-
tion of our only template of Micropsectra calcifontis has yet



Fig. 2. Strict consensus tree from maximum parsimony analyses based on partial cox1 sequences. Bootstrap values on branches.
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Fig. 3. Pairwise cox1 sequence differences within and between species
based on the Kimura-2-parameter substitution model. Grey boxes are
75th percentiles, whiskers are 90th percentiles and dots are outliers. Broad
whiskers represent the two paraphyletic ‘mitotypes’ of Micropsectra

notescens.
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to be evaluated, but it is probable that there is primer site
incompatibility in this species since we have amplified the
genes cox2 and 16s from the same DNA template. We have
also tested these primers on chironomid species from other
subfamilies (Diamesinae, Orthocladiinae and Tanypodi-
nae), and the amplification success rate exceeds the desir-
able 95% limit for large scale DNA-barcoding
(Hajibabaei et al., 2005). Importantly, no differences were
detected in amplification success of different life stages.
We have, however, mixed experience with PCR on various
bulk fixed material and slight modification of standard
sampling protocols for ecological studies might be neces-
sary if barcode identification is going to be a useful direct
tool for freshwater biologists.
4.2. The promise of perfectly matching sequences

When evaluating cox1 as a species identification tool,
the case of Paratanytarsus grimmii warrants special com-
ments because it may be seen as an ideal example of suc-
cessfully implemented barcode philosophy. The fact that
we found a perfect match between the cox1 sequence of a
pre-identified specimen from Norway and an Australian
sequence already filed in GenBank under the same species
name (Carew et al., 2005) is clearly a success for the current
state of biotechnology and a glossy demonstration of the
potentials of identification via barcoding. It is worth men-
tioning that an indispensable component of conventional
identification skills contributed to the revelation of this
particular achievement. P. grimmii is known as a frequent
pest in freshwater supplies (Langton et al., 1988) and more
detailed studies should indicate whether the observed lack
of genetic differences is caused by a recent origin of the
wide distribution of this species.

We also observed no intraspecific divergence when com-
paring several other species (Figs. 1 and 3). This is more
trivial when the sequences derive from the same popula-
tion, but nonetheless important for the potential utility of
barcoding in the identification of chironomids. Our preli-
minary results hence imply very promising prospects for
the use of DNA barcodes as a means to identify species,
at least in a local geographical setting. However, it is also
required that barcodes robustly discriminate between inclu-
sion and exclusion of group membership even when there is
sequence variability within the group. For the purpose of
identification of known species we would clearly prefer bar-
codes that are unique and non-overlapping for each species
on a broad spatial scale. Disregarding M. notescens, we
found that both NJ and MP analyses resulted in monophy-
letic species. We therefore predict that if a species is repre-
sented in a DNA sequence library, there is a very good
chance for correct identification. However, due to low sam-
ple sizes intraspecific variation is probably underestimated
for most of the taxa analysed in our study, and interspecific
variation might be overestimated through undersampled
true sister species pairs (Meyer and Paulay, 2005). Thus,
broader sampling of most taxa in our study group may
potentially result in narrower gaps, or even partial overlap,
between intra- and interspecific variation (see Meyer and
Paulay, 2005; Fig. 2).

4.3. Cryptic species and gene trees vs species trees

Although it has been emphasized that DNA barcoding
is just a limited facet of taxonomy and systematics (Besan-
sky et al., 2003), the difference between identification and
classification is sometimes blurred in the barcode literature
and cox1 sequencing has been suggested as a powerful tool
for discovery of new species (Hebert et al., 2004a,b; Smith
et al., 2006). Using this approach, candidates of cryptic
species were detected among the specimens identified to
M. notescens on the basis of morphology (Figs. 1 and 2).
We were unable to find any morphological differences in
the adult males, except that the Hainich specimens were
about 5% smaller. Size is usually not considered to be a
good diagnostic character for species of Chironomidae
since size variation clearly is temperature and nutrient
dependent (see Willassen, 1985; Kobayashi, 1998; McKie
and Cranston, 2005). It remains to be seen if pupal charac-
ters provide support for morphological delineation of the
two ‘notescens species’.

Studies of size related phenotypic plasticity may have
contributed scepticism towards the taxonomic value of
sophisticated morphometric analyses. Our findings of mito-
chondrial divergence in Micropsectra perhaps speak for



Fig. 4. Neighbour joining tree of partial cox1 sequences from Micropsectra. Scale = K2P-distance.
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fine-scaled morphometrics and more detailed field studies
including behavioural observations (e.g. Lindeberg, 1967).
A considerable number of cryptic species have also been
discovered by karyotype studies in the closely related tribe
Chironomini, and similarity in cox1 sequences seem to
almost perfectly reflect karyological species concepts in



Fig. 5. Strict consensus tree from maximum parsimony analyses of partial
cox1 sequences from Micropsectra. Bootstrap values on branches.
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the morphologically challenging genus Chironomus (Pfenn-
inger, in press). However, partial cox1 sequences do not
necessarily reveal the whole truth of unknown species
diversity. It may be argued that discovery of cryptic species
based on non-monophyletic grouping in a NJ tree is resting
on an underlying phylogenetic species concept. We see that
M. notescens haplotypes become paraphyletic instead of
polyphyletic when the analysis is confined to con-generic
taxa only (Figs. 4 and 5). We ascribe the misleading tree
pattern in Figs. 1 and 2 in part to saturation of phylogenet-
ic signal and recognise that M. notescens might well be just
a single species that has been subject to incomplete lineage
sorting of an ancient polymorphism (Funk and Omland,
2003). Needless to say, caution should be exercised before
such observations (Figs. 1 and 2) are interpreted in terms
of cryptic species. There is a fair possibility that other genes
will produce other tree topologies for M. notescens and a
well-corroborated phylogeny including nuclear markers
should clearly be preferred before taxonomic action is
taken in terms of erecting new species based on a
phylogenetic species concept. In fact, discordances between
mitochondrial and nuclear genes are known from many
taxonomic groups, and concordance of the two types of
markers would certainly strengthen hypotheses on separate
status of particular lineages. Nevertheless, barcoding sur-
veys such as this seem effective in identifying evolutionary
interesting ‘problem taxa’ that clearly deserve more
attention with regard to the species genetics and ecology.
Such discoveries are in our opinion scientifically intriguing
and contribute to drive taxonomic research ahead.

4.4. The problem of unknowns

Many of the central issues in antagonist debates about
the ‘‘promise and perils’’ of DNA barcoding (Besansky
et al., 2003; Blaxter, 2004; Hebert and Gregory, 2005; Lor-
enz et al., 2005; Moritz and Cicero, 2004; Wheeler, 2005;
Will and Rubinoff, 2004; Will et al., 2005) are essentially
rooted in phylogenetics. It is the ambition of modern sys-
tematics to make classification systems that reflect the pat-
terns of descent of taxa. However, cox1 gene trees may not
be congruent with species trees in terms of monophyletic
groups (e.g. Kizirian and Donnelly, 2004) and this is why
available cox1 sequences may have poor predictive power
in identification of unknowns. We observed that trees con-
structed on partial cox1 gene sequences did not reflect the
taxonomical hierarchy of the study group. Micropsectra,
Parapsectra and Paratanytarsus did not appear monophy-
letic, neither with NJ nor with character based maximum
parsimony. Thus, the prospects of identifying a sequence
to the correct genus or species group are not good unless
a near perfect match is already represented in the DNA
sequence library. This conclusion was incidentally con-
firmed by the results of the identification requests we made
via the BOLD site (http://www.barcodinglife.org) in April
2006 on selected sequences produced in the present work:
for M. notescens three haplotypes were identified to the
genus Tanytarsus with 100% probability, whereas the other
haplotypes came out as Belvosia (Diptera: Tachinidae) or
Tortricidia (Lepidoptera: Limacodidae) with 100% proba-
bility. Provided that M. notescens is a single species, our
results show that the problem also extends to the species
category. The BOLD identification engine has been
improved since our initial searches in April 2006 and the
DNA sequence library on Chironomidae species has
expanded considerably. Thus, the prospects of obtaining
a correct identification of some chironomids by searching
public DNA sequence databases are much better today.
Our findings do, however, illustrate the more general point

http://www.barcodinglife.org
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also observed by Vences et al. (2005b): a comprehensive
DNA sequence library is essential for correct identification
to species, genus, family or even order level. Since cox1 at
least in some cases seems to be a relatively poor predictor
of placement in higher level taxa, we recommend that iden-
tifications by the BOLD facility must be cautiously evalu-
ated as the system at present may return high
probabilities of placements that obviously are erroneous.
Is it, however, fair to expect correct identifications to be
retrieved from a system that does not yet hold that infor-
mation? We think not. After all, a traditional identification
key to the birds of Europe may fail to identify windblown
endemics from the Nearctic. Nevertheless, it is perhaps
time to think about disclaimers on DNA based identifica-
tions or at least downscale the probabilities of correct spe-
cies identifications from less comprehensive DNA libraries.
5. Conclusions

The partial cox1 gene sequences of the species included
in this study clearly have sufficient variation for species dis-
crimination (Figs. 1 and 2) and no species had identical
sequences. Thus, the taxa examined to this point can be
identified by character based genetic differences (DeSalle
et al., 2005). The toll for the gain in discrimination power
between species may be a loss of phylogenetic signal. Com-
bined with incomplete lineage sorting of cox1 this may
obstruct the placement of unknowns in the correct higher
taxa. We see no other remedy to this difficulty than to pro-
vide unknowns with barcodes. As with commercial product
barcodes, DNA barcodes have to be defined to represent
known ‘items’, be it species, populations within species or
cryptic taxa with unresolved taxonomic status. Despite
the problems discussed, we are of the opinion that the
establishment of a cox1 library for chironomids will be very
useful for species identification. Effective and high through-
put identification is essential for the success of large fresh-
water bio-monitoring projects, and DNA-barcoding is a
powerful tool to do exactly this.
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