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Abstract

The Swiss Barcode of Life initiative (SwissBOL) aims to inventory the genetic biodiversity in Switzerland using a short
DNA sequence. DNA barcoding provides an additional tool for species identification that complements traditional
morphological approaches. We report on the establishment of a DNA barcode library for Plecoptera, taxa that are of great
importance as bioindicators of water quality and that often present difficulties in species-level identification for larvae
and female specimens. Non-destructive DNA extraction, PCR amplification and sequencing of part of the mitochondrial
gene Cytochrome Oxidase I (COI) was conducted for 440 individuals (one to eight per species) belonging to 90 species
(of the 112 reported from Switzerland). Intra and interspecific distances were calculated and gene trees reconstructed. In
most cases, COI was efficient in delimiting stonefly species. Some doubtful specimens were subsequently re-examined
and a few misidentifications were found, especially in some problematic groups in the genus Leuctra Stephens, 1836.
Larger genetic distances in some species (e.g. Leuctra nigra (Olivier 1811)) indicate the possible presence of sibling
species, while in a few cases closely related species are genetically difficult to separate (within the Leuctra fusca species

group).
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Introduction

Stoneflies in Switzerland

The study of stoneflies has a long history in Switzerland, and the Swiss fauna is well known. Frangois-Jules
Pictet was one of the pioneers who conducted stonefly research in Switzerland, his cumulative work
documenting at least 27 species (Pictet 1841). One century later, Jacques Aubert began his comprehensive
study of the Swiss stoneflies, listing 94 species in his first catalogue (Aubert 1959). He described several new
species and reported others for the first time in Switzerland. In the framework of the Swiss Red List, streams,
rivers, springs, pounds and lakes were intensively prospected for stoneflies, mayflies and caddisflies at the
end of the last century and at the beginning of the 21*. A Red List based on IUCN criteria was recently
established, inventorying the conservation status of the species of stoneflies (Lubini et al. 2012a), while a key
and a checklist were simultaneously published (Lubini ez al. 2012b).

Stoneflies in Switzerland currently encompass 112 species. The diversity is rather high, in comparison to
surrounding countries, if we consider that Swiss land area is only 41,285 km® (smaller than France and
Germany, by respective ratios of 15 and 9). This richness can be explained by the central position of
Switzerland in the Alps and in Europe, the presence of a second mountain range (Jura) and a floodplain at
middle altitude (the Plateau). Moreover, several Mediterranean species reach their northern limit of
distribution in southern Switzerland, in tributaries of the Po River (especially in Ticino). This high stonefly
diversity also reflects the global richness of the Alpine arc where numerous endemic species occur.
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Nearly 40% of the Swiss stoneflies are included in the Red List: 6.3% are considered as extinct, 9.0% as
critically endangered, 12.6% as endangered and 11.7% as vulnerable. Additionally, 17% are considered as
near threatened (Lubini et al. 2012a). Species living in large rivers at low altitudes are especially imperilled.
This is also the case for species colonising springs and clean fresh brooklets that are often exposed to human
impacts, such as agricultural pollution or water impoundment, sometimes exacerbated by acid rain events or
regional effects of climate changes. Moreover, several species exhibit narrow endemicity or have disjunctive
distributions, increasing their risk of extinction.

Plecoptera are a major component of the aquatic biodiversity of streams and rivers in Switzerland. They
are sensitive biological indicators of water quality in Switzerland (Stucki 2010) and the world over (DeWalt et
al. 2015). Unfortunately, larvae and female specimens are often not possible to identify to species level
(Lubini et al. 2012b). The lack of specificity compromises our ability to accurately assess water quality and to
conduct ecological and conservation assessments of individual species. Additional tools are needed to
improve the rate of species level identifications for these wide-ranging scientific endeavours. The use of DNA
barcoding presents an additional tool for identification purposes (Zhou et al. 2010; Gill et al. 2015).

DNA Barcoding

DNA barcoding allows for the rapid identification of an individual by matching a DNA fragment to a
reference library containing sequences generated from identified specimens (DeWalt 2011). For animals, a
658 base-pair fragment of the mitochondrial gene Cytochrome C Oxydase 1 (COIl) is widely used (Ball et al.
2005; Hebert er al. 2003), and was shown to be an effective DNA barcode in aquatic insects (Zhou et al.
2010). A library of DNA barcodes for Swiss biodiversity was established, the Swiss Barcode of Life
(SwissBOL), and the present study is part of this larger initiative. A rationale for the project is presented at
http://www.swissbol.ch.

Accurate identification of aquatic species is fundamental for freshwater research. However,
identifications at the species level can be difficult for non-specialists and may be possible only for male
imagos. For most stream biological monitoring purposes, only immature stages of insects are collected,
leaving many specimens of stoneflies identifiable only to the genus or species group level (Lubini ef al.
2012b). This is the case for several Plecoptera genera such as Nemoura Latreille, 1796, Isoperia Banks, 1906
or Leuctra Stephens, 1836; even the female imagos of which may not be identified with confidence.
Additionally, there are a large number of cryptic species where even specialists have difficulty identifying
male imagos on a consistent basis. In those difficult cases, the use of DNA barcodes may provide a useful tool
that is complementary to traditional morphological approaches. In fact, an interactive approach involving
traditional morphology and barcoding may prove most useful (Smith ez al. 2008).

Environmental DNA (eDNA) consists of extracts of DNA from environmental samples. This method
associated with Next Generation Sequencing (NGS) is becoming more and more widely used to measure
biodiversity, to detect the presence of target species or to evaluate the evolution of species composition
(Thomsen & Willerslev 2015). It is also a promising tool for aquatic insects (Deiner et al. 2015) since it
allows one to find rare species, sibling species, and species living in poorly prospected or unreachable habitats
(Machler ef al. 2014; Thomsen et al. 2012). For Plecoptera and other orders of aquatic insects, eDNA requires
a library of known species sequences.

To our knowledge, only a limited number of sequences for authoritatively identified species are available
for Central Europe. An incomplete stonefly DNA barcode library exists for North America (Gill et al. 2015,
Zhou et al. 2009; Zhou et al. 2010), Scandinavia (Boumans & Brittain 2012) and Germany (GBOL: https://
www.bolgermany.de). To fill this gap, we sequenced the barcode region of COI for nearly all stoneflies known
from Switzerland.

Material and methods

Total genomic DNA was extracted using the DNeasy Blood & Tissue kit (QIAGEN) from 440 specimens
stored in the collection of the Museum of Zoology in Lausanne (MZL) and in private collections (Gilles
Vingon, Grenoble, France; Jean-Paul Reding, Neuchatel, Switzerland). Supplier’s instructions were adapted to
a non-destructive extraction where the whole individuals were first soaked overnight in the extraction buffer
with proteinase K at 56°C. Because chitinous parts are kept intact (Vuataz et al. 2011), this procedure allows
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re-examination of morphological characters whenever necessary. The mitochondrial gene COI was amplified
and sequenced using the primers LCO1490 and HCO2198 (Folmer et al. 1994). Polymerase chain reaction
(PCR) was performed in 20uL total volume with 0.60U Taq (Roche), 2uL of the 10X buffer containing 20mM
MgCl2, 0.8uL of each primer (10mM), 0.4pul of a mix containing 10mM of each dNTP (Roche), and 0.85uL
template DNA of unknown concentration. The PCR program comprised a heating step at 95°C for 6 min,
followed by 35 cycles of denaturation at 95°C for 30 s, annealing at 42°C for 30 s and elongation at 72°C for
45 s, with a final elongation step of 72°C for 10 min. The PCR products were bi-directionally sequenced on an
ABI 377 automated sequencer (Applied Biosystems) following the manufacturer’s protocols.

Forward and reverse sequences were assembled and corrected using CodonCode Aligner (CodonCode
Corporation, Dedham, MA) and aligned using CLUSTALW as implemented in Mega 5.05 (Tamura ef al.
2011). Sequences will be made publically available on BOLD Systems (in progress). Maximum Likelihood
(ML) tree searches were conducted using Treefinder v. March 2011 (Jobb et al. 2004). We used the Kimura 2-
parameter (K2P) model, as implemented in Mega 5.05 to calculate genetic distances between haplotypes and
haplogroups (Tamura et al. 2011). We considered 3.5% sequence divergence (K2P=0.035) as a likely maximal
value for intraspecific divergence (Hebert et al. 2003; Zhou et al. 2010); this limit must be considered with
caution, as higher intraspecific K2P values are not uncommon within Plecoptera (Mynott et al. 2011;
Sweeney ef al. 2011; Boumans & Baumann 2012; Gill et al. 2015). We chose not to include additional COI
sequences from public databases in our analyses considering the present study as preliminary analysis.

DNA extractions are stored at -80°C in the University of Geneva and will be incorporated into the Swiss
DNA Bank, while skins and additional material from the same sample are housed at 5°C in the MZL
collection.

Specimens that did not align in trees with conspecifics were re-examined for possible misidentification. If
they were misidentified or appeared to be new species, their new status was re-evaluated in the database.

Results

COlI sequences were obtained from 270 specimens, representing 90 of the 112 species recorded on
Switzerland. Although stored in good conditions at the MZL, 39% of the specimens failed to be sequenced.
Specimens had not been collected with the aim of being sequenced and storage conditions following
collecting are for most of the cases unknown and have not been controlled (EtOH concentration and quality,
storing temperature before incorporation into the MZL collection). Therefore, DNA degradation is here
recognized as an important cause of amplification failure. Moreover, the use of Plecoptera specific primers
could have helped in enhancing the amplification-sequencing success, but such primers are still lacking from
available literature.

The monophyly of the different species, species groups, genera and the two sub-orders were well
supported by the reconstruction. Our preliminary results revealed fifteen cases of specimens that did not
cluster with their conspecifics. 4 posteriori re-identifications allowed us to correct thirteen misidentified
specimens (mainly female imagos or larvae within the genus Leuctra). Two of these may be due to
contaminations during manipulation in the laboratory. In our final reconstruction, the 268 sequenced
individuals clustered in their own clade.

With 37 species, Leuctra was the most diversified genus in our data set (Table 1; Fig. 1). We used it to
illustrate different cases: i) high intraspecific distance between different populations within a species without
subspecies (L. nigra (Olivier, 1811) K2P value = 10.6%; Table 2 & Fig. 2); ii) moderate intraspecific distance
between different populations within a species with described subspecies (L. vinconi Ravizza & Ravizza-
Dematteis, 1993 - maximum K2P value between the two subspecies = 3.2%; Table 2 & Fig. 3); iii) low
interspecific distances between well recognised species (L. meridionalis Aubert, 1951 and L. zwicki Ravizza
& Vingon, 1991 - K2P value = 0.8%; Table 2 & Fig. 4).
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FIGURE 1. COI gene tree for all the specimens belonging to the genus Leuctra. Blue frame: Leuctra nigra (cf Fig. 2). Red frame:
Leuctra gr. brevipennis (cf Fig. 3). Green frame: Leuctra gr. fusca (cf Fig. 4). EPTXXX: Specimen code (Number SwissBol), L: larva;
M: male imago; F: female imago; MF: both male and female imagos are present in the sample.
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TABLE 2. Intra and interspecific distances - Maximum intraspecific and minimum interspecific K2P values found within Leuctra
(in %). N = number of sequenced specimens.

Species N Maximum Nearest neighbor Nearest
intraspecific distance neighbor distance
L. albida 3 0.3 L. mortoni 2.0
L. alpina 4 0.0 L. rosinae 9.0
L. ameliae 1 0.0 L. teriolensis 10.3
L. armata 4 3.6 L. sesvenna 11.7
L. aurita 1 0.0 L. moselyi 9.6
L. autumnalis 3 0.2 L. vinconi 17.3
L. braueri 3 0.0 L. helvetica 17.5
L. brevipennis 3 0.0 L. vinconi 5.0
L. caprai 3 0.3 L. vinconi 5.0
L. cingulata 3 5.8 L. major 4.9
L. dolasilla 3 0.3 L. major 1.8
L. fusca 3 0.8 L. albida 3.8
L. geniculata 3 0.2 L. major 16.7
L. handlirschi 3 0.0 L. inermis 13.4
L. hexacantha 4 1.3 L. moselyi 6.4
L. helvetica 1 0.0 L. niveola 12.9
L. hippopus 3 0.3 L. pseudosignifera 16.2
L. inermis 3 0.3 L. rauscheri 6.5
L. leptogaster 2 0.2 L. cingulata 59
L. major 2 0.0 L. dolasilla 1.8
L. meridionalis 6 0.8 L. zwicki 0.8
L. mortoni 4 1.3 L. albida 2.0
L. moselyi 4 0.2 L. hexacantha 6.3
L. nigra 3 10.6 L. pseudosignifera 11.4
L. niveola 1 0.0 L. helvetica 12.9
L. prima 3 0.7 L. pseudosignifera 11.4
L. pseudorosinae 3 0.0 L. alpina 12.0
L. pseudosignifera 3 0.6 L. prima 11.4
L. rauscheri 3 0.8 L. inermis 6.5
L. rosinae 2 1.9 L. alpina 9.0
L. schmidi 3 0.0 L. prima 17.5
L. sesvenna 1 0.0 L. armata 11.7
L. subalpina 3 0.2 L. alpina 12.0
L. teriolensis 3 1.1 L. inermis 9.9
L. vinconi aubertorum 3 0.0 L. vinconi vinconi 3.2
L. caprai 4.9
L. vinconi vinconi 8 1.0 L. vinconi aubertorum 3.2
L. caprai 5.0
L. zwicki 3 0.8 L. meridionalis 1.4
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| Leuctra-nigra_ EPT343_F

FIGURE 2. CO1 gene tree for Leuctra nigra. For abbreviations see Fig. 1.
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4‘ L euctra-vinconi-aubertorum_EPT526_MF

L euctra-vinconi-aubertorum_EPT525 MF
L_euctra-vinconi-aubertorum_EPT527 _MF

Leuctra-caprai_EPT504
‘ L euctra-caprai_EPT506
Leuctra-caprai_EPT505_MF

L euctra-vinconi-vinconi_EPT518_MF
L euctra-vinconi-vinconi_EPT517_MF

L euctra-vinconi-vinconi _EPT516_MF

L euctra-gr-vinconi-n-sp-ou-n-ssp_EPT528 MF
l_euctra-vinconi-vinconi_EPT524 _MF
L _euctra-vinconi-vinconi_EPT523 MF
1l _euctra-vinconi-vinconi_EPT521_MF
L euctra-vinconi-vinconi_EPT520_MF
L euctra-vinconi-vinconi_EPT519_MF
L euctra-gr-vinconi-n-sp-ou-n-ssp_EPT530_MF

L euctra-gr-vinconi-n-sp-ou-n-ssp_EPT529 MF

FIGURE 3. CO1 gene tree for Leuctra gt brevipennis. Red dash: Leuctra vinconi aubertorum. Blue dash: Leuctra v. vinconi. For
abbreviations see Fig. 1.

Discussion

With the present database, we could authoritatively identify 90% of the Swiss species and almost 99% of the
specimens sequenced for this project. Twelve of the 112 species have not been collected in Switzerland since
1970 and may be extirpated from the country (Lubini ef al. 2012b). Most of these species (Brachyptera
braueri (Klapalek, 1900), B. monilicornis (Pictet, 1841), Xanthoperla apicalis (Newmann, 1836), Isoperla
obscura (Zetterstedt, 1840), Isogenus nubecula (Newmann, 1833) and Besdolus ventralis (Pictet, 1841))
inhabited lowland rivers that have been modified due to channel regulation or water pollution. The other
missing species are rare in Switzerland, having either extremely restricted distributions (Leuctra ravizzai
Ravizza-Dematteis & Vingon, 1994, Nemoura undulata Ris, 1902, Isoperla oxylepis Despax, 1936 and
Perlodes dispar (Rambur, 1842)), or being at the northern limit of their distribution in southern Switzerland
(Nemoura pesarinii Ravizza & Ravizza Dematteis, 1979, N. palliventris, Aubert, 1953, Leuctra elisabethae
Ravizza, 1985, L. festai Aubert, 1954, L. insubrica, Aubert, 1949, L. muranyii Vingon & Graf, 2011, Isoperla
carbonaria Aubert, 1953, 1. lugens (Klapalek, 1923) and 1. orobica Ravizza, 1975).

The Swiss Plecoptera DNA barcode library consists of a relative low number of specimens per species
(generally three specimens from different areas: Jura, Plateau and Alps). Although high levels of intraspecific
divergence have been reported for Plecoptera (Gill et al. 2015), we detected intraspecific distances higher than
the established threshold of 3.5 % in only a few cases.
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FIGURE 4. CO1 gene tree for Leuctra gt fusca. Red dash: Leuctra meridionalis. Blue dash: Leuctra zwicki. For abbreviations see
Fig. 1.

Within the genus Leuctra, the genetic distance between conspecific specimens is generally low (Table 2).
Except for Leuctra cingulata Kempny, 1899, the maximum intraspecific variability (Table 2) is lower than the
distance to the nearest neighbour corroborating the presence of the so-called DNA barcode gap (Zhou et al.
2010). The case of Leuctra nigra is an exception with a distance between the two populations much higher
than what is generally considered as an intraspecific value (K2P distance = 0.106) (Table 2, Fig. 2). Therefore,
as 10% of divergence most probably indicates the presence of putative cryptic species, additional sequences
are highly desirable. In this particular case, morphological differences allow discrimination of two groups of
L. nigra, one occurring on the northern slopes of the Alps and the other restricted to the southern slopes of the
Alps. These results will be investigated and discussed in more detail in a complementary research study with
morphological analysis at population level (Vingon & Gattolliat, unpublished data).

Conversely, low interspecific differences were also detected between some Leuctra species (Table 2; Fig.
4). For instance, the genetic distance between Leuctra albida, L. meridionalis, L. mortoni and L. zwicki is
lower than 3%. Furthermore, the very low genetic distance between L. albida and L. meridionalis confirms
their sister species status. On the basis of COI results, these species could be considered as two geographic
sister species or subspecies, as they respectively occur on the northern and southern slopes of the Alps. The
last glaciations certainly had an important impact on the speciation process within different stonefly genera
and within Leuctra in particular (Vingon 2012). As this process is rather recent, the time to accumulate
mutations has been rather short. We also need to consider that mitochondrial introgression may introduce an
error into the DNA barcode-based species database (Dussex et al. 2015). For example, COI cannot reliably
distinguish between L. fusca and L. digitata in Northern Europe due to the introgression of a L. fusca
mitochondrion into a L. digitata population (Boumans & Tierno de Figueroa 2016). Introgression may
partially explain the complex relationships observed for L. zwicki and L. meridionalis (Fig. 4).

The COI reconstruction also has important implications for the status of some taxa considered as
subspecies. For instance, two subspecies within the species Leuctra vinconi Ravizza & Ravizza-Dematteis,
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1993 (Fig. 3) were described. The subspecies Leuctra vinconi aubertorum Ravizza & Ravizza-Dematteis,
1994 appears closer to Leuctra caprai Festa, 1939 than to the nominotypical subspecies L. v. vinconi. The
genetic distance between the two subspecies is slightly higher than the intraspecific distance. According to
these preliminary results, L. vinconi aubertorum should be revaluated to the species rank rather than
subspecies.

Our study contributed much to the completion of the DNA barcode library for Swiss stoneflies and it
already constitutes a reliable tool for identification. A few specimens collected from nearby countries (France
and Italy) have been crucial to complete our dataset and we believe that we need to continue this effort by
collecting and sequencing additional specimens that belong to very rare species or are no longer reported from
Switzerland. Moreover, we should pay attention to species not yet reported from Switzerland but occurring
close to the Swiss borders. These should be added to the library, especially those species increasingly widely
distributed (related, for example, to climate change).

Our study highlighted some cases that deserve particular attention, especially within Leuctra. A careful
and complete analysis of these cases should be undertaken before taking any systematic decision. We defend
the fact that revaluation of species status should be based on both morphological characters and molecular
data. Examination of morphology of male terminalia and of female vaginal sclerites and sternal plates (such as
in Grubbs 2015) will be necessary to reach conclusions on distinctness of species and the usefulness of current
subspecies designations in closely related groups.

Acknowledgments

This study was sponsored by a grant from the Swiss Federal Office for the Environment to SwissBOL, with
the help of the Museum of Zoology, Lausanne (MZL). We wish to thank Sandra Knispel, Jean-Paul Reding
and Verena Lubini for the gift of material and identification, or re-identification, of some specimens. Many
thanks also to Albertine Roulet, Marion Podolak and Nicolas Hazi for searching and preparing the specimens
stored in the MZL collection. Our appreciations go to Louis Boumans (Oslo, Norway) and an anonymous
reviewer for useful comments on an early version of the manuscript.

References

Aubert, J. (1959) Plecoptera. Société entomologique Suisse, Lausanne, 140 pp.

Ball, S.L., Hebert, P.D.N., Burian, S.K. & Webb, J.M. (2005) Biological identifications of mayflies (Ephemeroptera) using
DNA barcodes. Journal of the North American Benthological Society, 24, 508—524.
http://dx.doi.org/10.1899/0887-3593(2005)024\[0508:biomeu\]2.0.co0;2

Boumans, L. &. Baumann, R.W. (2012) Amphinemura palmeni is a valid Holarctic stonefly species (Plecoptera: Nemouridae).
Zootaxa, 3537, 59-75.

Boumans, L. & Brittain, J.E. (2012) Faunistics of stoneflies (Plecoptera) in Finnmark, northern Norway, including DNA
barcoding of Nemouridae. Norwegian Journal of Entomology, 59, 196-215.

Boumans, L. & Tierno de Fiqueroa, J.M. (2016) Introgression and species demarcation in western European Leuctra fusca (L.,
1758) and L. digitata Kempny, 1899 (Plecoptera, Leuctridae). Aquatic insects, 37 (2), 115-126.
http://dx.doi.org/10.1080/01650424.2016.1161200

Deiner, K., Walser, J.-C., Michler, E. & Altermatt, F. (2015) Choice of capture and extraction methods affect detection of
freshwater biodiversity from environmental DNA. Biological Conservation, 183, 53—63.
http://dx.doi.org/10.1016/j.biocon.2014.11.018

DeWalt, R.E. (2011) DNA barcoding: a taxonomic point of view. Journal of the North American Benthological Society, 30,
174—-181. Available from: http://www.bioone.org/doi/full/10.1899/10-021.1

DeWalt, R.E., Kondratieff, B.C. & Sandberg, J.B. (2015) Order Plecoptera. /n: Thorp, J., Rogers, D.C. (Eds.), Ecology and
General Biology: Thorp and Covich's Freshwater Invertebrates. Academic Press, Amsterdam, pp. 933-949.

Dussex, N., Chuah, A. & Waters J.M. (2015) Genome-wide SNPs reveal fine-scale differentiation among wingless alpine
stonefly populations, and introgression between winged and wingless forms. Evolution, 70 (1), 38-47.
http://dx.doi.org/10.1111/ev0.12826

Folmer, O., Black, M., Hoeh, W., Lutz, R. & Vrijenhoek, R. (1994) DNA primers for amplification of mitochondrial
cytochrome ¢ oxidase subunit I from diverse metazoan invertebrates. Molecular Marine Biology and Biotechnology, 3,

154 - Zoosymposia 11 © 2016 Magnolia Press GATTOLLIAT ET AL.


http://dx.doi.org/10.1899/0887-3593(2005)024\[0508:biomeu\]2.0.co;2
http://dx.doi.org/10.1899/0887-3593(2005)024\[0508:biomeu\]2.0.co;2

294-299.

Gill, B.A., Sandberg, J.B., & Kondratieff, B.C. (2015) Evaluation of the morphological species concepts of 16 western Nearctic
Isoperla species (Plecoptera: Perlodidae) and their respective species groups using DNA barcoding. /lliesia, 11 (11),
130-146. Available from: http://illiesia.speciesfile.org/papers/Illiesial 1-11.pdf

Grubbs, S.A. (2015) Leuctra schusteri, a new stonefly species (Plecoptera: Leuctridae) of the L. fenuis (Pictet) group from the
southeastern USA. llliesia, 11 (12), 147-166. Available from; http://illiesia.speciesfile.org/papers/Illiesial 1-12.pdf

Hebert, P.D.N., Cywinska, A., Ball, S.L. & DeWaard, J.R. (2003) Biological identifications through DNA barcodes.
Proceedings of The Royal Society B-Biological Sciences, 270, 313-321.
http://dx.doi.org/10.1098/rspb.2002.2218

Jobb, G., von Haeseler, A. & Strimmer, K. (2004) TREEFINDER: a powerful graphical analysis environment for molecular
phylogenetics. BMC Evolutionary Biology, 4, 18.

Lubini, V., Knispel, S., Sartori, M., Vicentini, H. & Wagner, A. (2012a) Listes rouges Ephéméres, Plécoptéres, Trichopteéres.
Espeéces menacées en Suisse, état 2010. Office fédéral de I’environnement, Berne & Centre Suisse de Cartographie de la
Faune, Neuchatel, 111 pp.

Lubini, V., Knispel, S. & Vingon, G. (2012b) Les Plécoptéres de Suisse. Identification et distribution. Centre Suisse de
Cartographie de la Faune, Neuchatel & Société entomologique Suisse, Neuchatel, 270 pp.

Michler, E., Deiner, K., Steinmann, P. & Altermatt, F. (2014) Utility of environmental DNA for monitoring rare and indicator
macroinvertebrate species. Freshwater Science, 33, 1174—1183.
http://dx.doi.org/10.1086/678128

Mynott, J.H., Webb, J.M. & Suter, P.J. (2011) Adult and larval associations of the alpine stonefly genus Riekoperla McLellan
(Plecoptera : Gripopterygidae) using mitochondrial DNA. Invertebrate Systematics, 25, 11-21.
http://dx.doi.org/10.1071/is10025

Pictet, F.-J. (1841) Familie des Perlides. Histoire naturelle générale et particuliére des insectes névroptéres. 1(1). Kessman,
Geneve & Bailliere, Paris, 423 + xiii pp.

Stucki, P. (2010) Méthodes d’analyse et d’appréciation des cours d’eau en Suisse. Macrozoobenthos — niveau R. Office Fédéral
de I’Environnement, Berne, 61 pp.

Smith, M.A., Rodriguez, J.J., Whitfield, J.B., Deans, A.R., Janzen, D.H., Hallwachs, W. & Hebert, P.D.N. (2008) Extreme
diversity of tropical parasitoid wasps exposed by iterative integration of natural history, DNA barcoding, morphology, and
collections. Proceedings of the National Academy of Sciences of the United States of America, 105, 12359-12364.
http://dx.doi.org/ 10.1073/pnas.0805319105

Sweeney, B.W., Battle, J.M., Jackson, J.K. & Dapkey, T. (2011) Can DNA barcodes of stream macroinvertebrates improve
descriptions of community structure and water quality? Journal of the North American Benthological Society, 30,195-216.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. & Kumar, S. (2011) MEGAS: Molecular Evolutionary Genetics
Analysis Using Maximum Likelihood, Evolutionary Distance, and Maximum Parsimony Methods. Molecular Biology and
Evolution, 28, 2731-2739.
http://dx.doi.org/10.1093/molbev/msr121

Thomsen, P.F., Kielgast, J.O.S., Iversen, L.L., Wiuf, C., Rasmussen, M., Gilbert, M.T.P., Orlando, L. & Willerslev, E. (2012)
Monitoring endangered freshwater biodiversity using environmental DNA. Molecular Ecology, 21, 2565-2573.
http://dx.doi.org/10.1111/j.1365-294x.2011.05418.x

Thomsen, P.F. & Willerslev, E. (2015) Environmental DNA — An emerging tool in conservation for monitoring past and present
biodiversity. Biological Conservation, 183, 4—18.
http://dx.doi.org/10.1016/j.biocon.2014.11.019

Vingon, G. (2012) Leuctra delmastroi sp. n., a new Alpine species, with comments on the micro-endemism in the Leuctra genus
in the southwestern Alps (Plecoptera, Leuctridae). Mitteilungen der Schweizerischen Entomologischen Gesellschaft, 85,
201-208.

Vuataz, L., Sartori, M., Wagner, A. & Monaghan, M.T. (2011) Toward a DNA Taxonomy of Alpine Rhithrogena
(Ephemeroptera: Heptageniidae) Using a Mixed Yule-Coalescent Analysis of Mitochondrial and Nuclear DNA. Plos One,
6,¢e19728.

Zhou, X., Adamowicz, S.J., Jacobus, L.M., DeWalt, R.E. & Hebert, P.D.N. (2009) Towards a comprehensive barcode library
for arctic life - Ephemeroptera, Plecoptera, and Trichoptera of Churchill, Manitoba, Canada. Frontiers in Zoology, 6, 30.

Zhou, X., Jacobus, L.M., DeWalt, R.E., Adamowicz, S.J. & Hebert, P.D.N. (2010) Ephemeroptera, Plecoptera, and Trichoptera
fauna of Churchill (Manitoba, Canada): insights into biodiversity patterns from DNA barcoding. Journal of the North
American Benthological Society, 29, 814-837.
http://dx.doi.org/10.1899/09-121.1

COI DNA BARCODE LIBRARY FOR SWISS STONEFLIES Zoosymposia 11 © 2016 Magnolia Press - 155




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


