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Classic water assessment

•	 Water assessment is based on the morphological 
identification of macroinvertebrates 
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www.udue.de/leeselab Vasco.Elbrecht@uni-due.de @luckylionde 3

DNA Barcoding

•	 DNA based identification of single speci-
mens (expensive & time consuming)

•	 Morphological identification of imagines 
-> feed barcode into data base

•	 BOLD reference database 
-> 5 million sequences
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Metabarcoding

•	 Next Generation Sequencing
•	 Generates millions of sequences

From sampling to the species level 
taxa list in less than a week!
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Two challenges

Deagle et al. 2014, Biol Lett.

CO1 Primer (binding site variability)Different specimen biomass

---> Taxa detection primer dependent

Clear relationship between  
sequence abundance and biomass 
(within the same species)

Can metabarcoding estimate taxon biomass? NO!



www.udue.de/leeselab Vasco.Elbrecht@uni-due.de @luckylionde 6

Establishing of metabarcoding
for water quality assessments
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Experiment I: Biomass

N5HCO0
N7LCO4
R2 = 0.637

N5LCO0
N7HCO4
R2 = 0.659

mean = 0.934
SD = 0.202

0

1

2

3

4

N5HCO1
N7LCO3
R2 = 0.634

N5LCO1
N7HCO3
R2 = 0.626

mean = 0.751
SD = 0.144

N5HCO2
N7LCO2
R2 = 0.622

N5LCO2
N7HCO2
R2 = 0.640

mean = 0.795
SD = 0.164

N5HCO3
N7LCO1
R2 = 0.656

N5LCO3
N7HCO1
R2 = 0.652

mean = 0.796
SD = 0.165

N5HCO4
N7LCO0
R2 = 0.627

N5LCO4
N7HCO0
R2 = 0.669

mean = 0.917
SD = 0.522

102

103

104

105

1 10 20 30 Specimen 1 to 31

Ab
so

lu
te

 n
um

be
r o

f 
se

qu
en

ce
s 

pe
r s

pe
ci

m
en

Specimen biomass [mg]

N
5L

CO
N

5H
CO

LC
O

 / 
H

C
O

 ra
tio

 (s
eq

. a
bu

nd
.)

A

B

pooled extractions single DNA aliquots

0.1 1 10 100 Elbrecht & Leese 2015, PloS ONE



www.udue.de/leeselab Vasco.Elbrecht@uni-due.de @luckylionde 8

Experiment II: Primer bias

Elbrecht & Leese 2015, PloS ONE

Ephemeroptera: 	8
Plecoptera: 		  4
Trichoptera: 		 15
Diptera:			   8
Others:			    17
Σ Taxa:			   52

10 replicates

Same amount of tissue
of each taxon



www.udue.de/leeselab Vasco.Elbrecht@uni-due.de @luckylionde 9

Experiment II: Primer bias 

Elbrecht & Leese 2015, PloS ONE

COi data − Experiment II (Elbrecht & Leese 2015)
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Results confirmed by other studies

A B

DC

LFAV

Leray & Knowlton 2015, PNAS

Tang et al. 2015, MEE

−1 0 1 2 3

−1
0

1
2

3

Biomass versus read numbers

Read numbers,

B
io

m
as

se
s,

 z
−t

ra
ns

fo
rm

ed

z −transformed, corrected for mitogenome size and mito−nuclear ratio

 Marine benthos 
 Bees (metagenomics, PCR free!)

Abundance = does not look promising!
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Is abundance necessary?

Aylagas et al. 2014, PloS ONE

Abundance vs presence / absence = similar + species level identific. with DNA!
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Primer problems

Optimised COI Primer
•	 Software: PrimerMiner
•	 Group specific primer
•	 OpenSouce on GitHub
•	 4 primer pairs

Alternative Markers
•	 16S ribosomal marker
•	 DNA from Exp. II -> NextSeq 

140.000.000 sequences
•	 lack of reference sequences

Deagle et al. 2014, Biol Lett.
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Biomass problem

•	 Sort kick sample by specimen size

•	 2 sample sites (Kleine Schmalenau) 
West Germany

•	 Sorting -> sequences more  
		          equally distributed 

•	 Morphology: 			   52 taxa
•	 DNA metabarcoding:   104 taxa
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Batrachospermaceae
Parachordodidae

Orchestes fagi
Agabus sp.
Agabus sp.

Deronectes latus
Elmis aenea

Elmis maugetii
Limnius volckmari

Oulimnius tuberculatus

Hydraena gracilis
Anacaena globulus
Meligethes aeneus

Elodes marginata
Elodes minuta

Hydrocyphon deflexicollis
Cecidomyiidae

Brillia bifida
Brillia longifurca

Chironomidae
Chironomidae
Chironomidae
Chironomidae

Conchapelopia hittmairorum
Corynoneura celtica

Heterotrissocladius marcidus
Macropelopia notata

Macropelopia sp.
Micropsectra notescens

Micropsectra sp.
Orthocladiinae

Orthocladius dentifer
Polypedilum convictum

Polypedilum pullum
Potthastia longimanus
Prodiamesa olivacea
Prodiamesa olivacea

Rheocricotopus fuscipes
Thienemanniella obscura

Trissopelopia cf. flavida
Trissopelopia longimana

Tvetenia calvescens
Zavrelimyia sp.

Dixidae
Eloeophila sp.

Eloeophila trimaculata
Dicranota pavida

Pedicia littoralis
Pediciidae
Pediciidae
Simuliidae

Simulium ornatum
Simulium sp.
Simulium sp.
Simulium sp.

Simulium vernum
Hybomitra distinguenda

Hybomitra epistates
Tabanus cordiger

Chironomidae
Pediciidae

Baetis rhodani
Baetis scambus

Baetis vernus
Centroptilum luteolum

Ephemerella ignita
Ephemerella ignita
Ephemera danica

Ecdyonurus sp.
Ecdyonurus venosus

Habroleptoides sp.
Habrophlebia lauta

Leptophlebia marginata
Eiseniella tetraedra

Nais alpina
Nais sp.

Micronecta sp.
Velia caprai

Radix labiata
Myrmica ruginodis

Lumbriculidae
Lumbriculidae

Lumbriculus variegatus
Stylodrilus heringianus

Siphonoperla torrentium
Leuctra albida
Leuctra aurita

Leuctra braueri
Leuctra digitata

Leuctra sp.
Leuctridae

Nemoura avicularis
Protonemura auberti

Diura bicaudata
Ancylus fluviatilis
Phytophthora sp.

Helobdella sp.
Dicyrtomina minuta

Anomalopterygella chauviniana
Chaetopteryx villosa

Drusus annulatus
Halesus radiatus

Potamophylax cingulatus
Odontocerum albicorne

Wormaldia occipitalis
Cyrnus trimaculatus

Polycentropus flavomaculatus
Polycentropus irroratus

Oecismus monedula
Sericostoma sp.
Sericostoma sp.
Sericostoma sp.
Sericostoma sp.

Anystidae

Batrachospermaceae
Parachordodidae

Curculionidae
Dytiscidae
Dytiscidae
Dytiscidae

Elmidae
Elmidae
Elmidae
Elmidae
Elmidae

Hydraenidae
Hydrophilidae

Nitidulidae
Scirtidae
Scirtidae
Scirtidae

Cecidomyiidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae

Dixidae
Limoniidae
Limoniidae
Pediciidae
Pediciidae
Pediciidae
Pediciidae
Simuliidae
Simuliidae
Simuliidae
Simuliidae
Simuliidae
Simuliidae
Tabanidae
Tabanidae
Tabanidae

Baetidae
Baetidae
Baetidae
Baetidae
Baetidae

Ephemerellidae
Ephemerellidae

Ephemeridae
Heptageniidae
Heptageniidae

Leptophlebiidae
Leptophlebiidae
Leptophlebiidae

Lumbricidae
Naididae
Naididae

Corixidae
Veliidae

Lymnaeidae
Formicidae

Lumbriculidae
Lumbriculidae
Lumbriculidae
Lumbriculidae

Chloroperlidae
Leuctridae
Leuctridae
Leuctridae
Leuctridae
Leuctridae
Leuctridae

Nemouridae
Nemouridae

Perlodidae
Ancylidae

Pythiaceae
Glossiphoniidae

Dicyrtomidae
Limnephilidae
Limnephilidae
Limnephilidae
Limnephilidae
Limnephilidae

Odontoceridae
Philopotamidae

Polycentropodidae
Polycentropodidae
Polycentropodidae
Sericostomatidae
Sericostomatidae
Sericostomatidae
Sericostomatidae
Sericostomatidae

Anystidae

Batrachospermales
Chordodea
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera

Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera

Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera

Haplotaxida
Haplotaxida
Haplotaxida

Hemiptera
Hemiptera
Hygrophila

Hymenoptera
Lumbriculida
Lumbriculida
Lumbriculida
Lumbriculida

Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Pulmonata

Pythiales
Rhynchobdellida

Symphypleona
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera

Trombidiformes

45 (4,2 %)

6  (0,56 %)

1  (0,35%)

6  (0,56%)

12  (1,1%)

3  (0,28%)
2/1  (0,19%/0,093%)

123  (11,5%)

13  (1,2%)

1  (0,093%) 2  (0,7%)
1  (0,093%) 7  (2,5%)

5  (1,8%)

70  (6,5%)

7  (0,65%) 6  (2,1%)

51  (4,8%)

6  (0,56%)

212  (19,8%) 2  (0,7%)

64  (6%) 98  (34,4%) 23  (42,6%)
12  (4,2%) 1  (1,9%)

89  (8,3%)
14  (1,3%)
14  (1,3%)

2  (0,19%) 6  (2,1%)

1  (0,35%) 3  (5,6%)

8  (0,75%)
1  (0,093%)

1  (0,35%)

1  (0,093%)

1  (0,093%)

69  (6,4%)

38  (3,5%) 3  (1%)

1  (0,093%)
54  (5%) 6  (2,1%)

1  (0,35%)
9  (0,84%) 65  (22,8%) 2  (3,7%)

1  (0,35%)
8  (14,8%)

2  (0,19%) 13  (4,6%) 1  (1,9%)
7/5  (0,65%/0,47%)   5  (1,8%)

1  (0,35%)
1  (0,93%) 2  (0,7%)

39  (3,6%) 5  (1,8%)

2  (0,7%)

2  (3,7%)

S M L

3 (0.002%)

26

29
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1.4

1.4

2.1
1.9

0.52

0.96

0.58

0.56

0.33
0.27

0.12

0.18

0.31
0.15

0.22

0.26
0.37

0.13

0.10

0.36

0.26

0.31
0.25

0.06

0.06

0.05

.013

.033

.031

.046

.010

.011

.014

.025

.011

.018

.030

.005

.004

.001

.009

.003

.004

.001
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22

25

37

3.0

3.5

2.4
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BR13
_B

F21

BR14
_B

F20

BR20
_B

F24

BR21
_B

F23

BR22
_B

F22

BR23
_B

F21

BR24
_B

F20

Batrachospermaceae
Parachordodidae

Orchestes fagi
Agabus sp.
Agabus sp.

Deronectes latus
Elmis aenea

Elmis maugetii
Limnius volckmari

Oulimnius tuberculatus

Hydraena gracilis
Anacaena globulus
Meligethes aeneus

Elodes marginata
Elodes minuta

Hydrocyphon deflexicollis
Cecidomyiidae

Brillia bifida
Brillia longifurca

Chironomidae
Chironomidae
Chironomidae
Chironomidae

Conchapelopia hittmairorum
Corynoneura celtica

Heterotrissocladius marcidus
Macropelopia notata

Macropelopia sp.
Micropsectra notescens

Micropsectra sp.
Orthocladiinae

Orthocladius dentifer
Polypedilum convictum

Polypedilum pullum
Potthastia longimanus
Prodiamesa olivacea
Prodiamesa olivacea

Rheocricotopus fuscipes
Thienemanniella obscura

Trissopelopia cf. flavida
Trissopelopia longimana

Tvetenia calvescens
Zavrelimyia sp.

Dixidae
Eloeophila sp.

Eloeophila trimaculata
Dicranota pavida

Pedicia littoralis
Pediciidae
Pediciidae
Simuliidae

Simulium ornatum
Simulium sp.
Simulium sp.
Simulium sp.

Simulium vernum
Hybomitra distinguenda

Hybomitra epistates
Tabanus cordiger

Chironomidae
Pediciidae

Baetis rhodani
Baetis scambus

Baetis vernus
Centroptilum luteolum

Ephemerella ignita
Ephemerella ignita
Ephemera danica

Ecdyonurus sp.
Ecdyonurus venosus

Habroleptoides sp.
Habrophlebia lauta

Leptophlebia marginata
Eiseniella tetraedra

Nais alpina
Nais sp.

Micronecta sp.
Velia caprai

Radix labiata
Myrmica ruginodis

Lumbriculidae
Lumbriculidae

Lumbriculus variegatus
Stylodrilus heringianus

Siphonoperla torrentium
Leuctra albida
Leuctra aurita

Leuctra braueri
Leuctra digitata

Leuctra sp.
Leuctridae

Nemoura avicularis
Protonemura auberti

Diura bicaudata
Ancylus fluviatilis
Phytophthora sp.

Helobdella sp.
Dicyrtomina minuta

Anomalopterygella chauviniana
Chaetopteryx villosa

Drusus annulatus
Halesus radiatus

Potamophylax cingulatus
Odontocerum albicorne

Wormaldia occipitalis
Cyrnus trimaculatus

Polycentropus flavomaculatus
Polycentropus irroratus

Oecismus monedula
Sericostoma sp.
Sericostoma sp.
Sericostoma sp.
Sericostoma sp.

Anystidae

Batrachospermaceae
Parachordodidae

Curculionidae
Dytiscidae
Dytiscidae
Dytiscidae

Elmidae
Elmidae
Elmidae
Elmidae
Elmidae

Hydraenidae
Hydrophilidae

Nitidulidae
Scirtidae
Scirtidae
Scirtidae

Cecidomyiidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae

Dixidae
Limoniidae
Limoniidae
Pediciidae
Pediciidae
Pediciidae
Pediciidae
Simuliidae
Simuliidae
Simuliidae
Simuliidae
Simuliidae
Simuliidae
Tabanidae
Tabanidae
Tabanidae

Baetidae
Baetidae
Baetidae
Baetidae
Baetidae

Ephemerellidae
Ephemerellidae

Ephemeridae
Heptageniidae
Heptageniidae

Leptophlebiidae
Leptophlebiidae
Leptophlebiidae

Lumbricidae
Naididae
Naididae

Corixidae
Veliidae

Lymnaeidae
Formicidae

Lumbriculidae
Lumbriculidae
Lumbriculidae
Lumbriculidae

Chloroperlidae
Leuctridae
Leuctridae
Leuctridae
Leuctridae
Leuctridae
Leuctridae

Nemouridae
Nemouridae

Perlodidae
Ancylidae

Pythiaceae
Glossiphoniidae

Dicyrtomidae
Limnephilidae
Limnephilidae
Limnephilidae
Limnephilidae
Limnephilidae

Odontoceridae
Philopotamidae

Polycentropodidae
Polycentropodidae
Polycentropodidae
Sericostomatidae
Sericostomatidae
Sericostomatidae
Sericostomatidae
Sericostomatidae

Anystidae

Batrachospermales
Chordodea
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera

Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera

Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera

Haplotaxida
Haplotaxida
Haplotaxida

Hemiptera
Hemiptera
Hygrophila

Hymenoptera
Lumbriculida
Lumbriculida
Lumbriculida
Lumbriculida

Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Pulmonata

Pythiales
Rhynchobdellida

Symphypleona
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera

Trombidiformes

45 (4,2 %)

6  (0,56 %)

1  (0,35%)

6  (0,56%)

12  (1,1%)

3  (0,28%)
2/1  (0,19%/0,093%)

123  (11,5%)

13  (1,2%)

1  (0,093%) 2  (0,7%)
1  (0,093%) 7  (2,5%)

5  (1,8%)

70  (6,5%)

7  (0,65%) 6  (2,1%)

51  (4,8%)

6  (0,56%)

212  (19,8%) 2  (0,7%)

64  (6%) 98  (34,4%) 23  (42,6%)
12  (4,2%) 1  (1,9%)

89  (8,3%)
14  (1,3%)
14  (1,3%)

2  (0,19%) 6  (2,1%)

1  (0,35%) 3  (5,6%)

8  (0,75%)
1  (0,093%)

1  (0,35%)

1  (0,093%)

1  (0,093%)

69  (6,4%)

38  (3,5%) 3  (1%)

1  (0,093%)
54  (5%) 6  (2,1%)

1  (0,35%)
9  (0,84%) 65  (22,8%) 2  (3,7%)

1  (0,35%)
8  (14,8%)

2  (0,19%) 13  (4,6%) 1  (1,9%)
7/5  (0,65%/0,47%)   5  (1,8%)

1  (0,35%)
1  (0,93%) 2  (0,7%)

39  (3,6%) 5  (1,8%)

2  (0,7%)

2  (3,7%)

S M L

3 (0.002%)

26

29

5.3

6.9

6.9

2.1

1.8

2.8

1.3

4.2

1.4

1.4

2.1
1.9

0.52

0.96

0.58

0.56

0.33
0.27

0.12

0.18

0.31
0.15

0.22

0.26
0.37

0.13

0.10

0.36

0.26

0.31
0.25

0.06

0.06

0.05

.013

.033

.031

.046

.010

.011

.014

.025

.011

.018

.030

.005

.004

.001

.009

.003

.004

.001

.001

22

25

37

3.0

3.5

2.4
2.1

1.3

0.61

0.60

0.31

0.13

0.18

0.13

0.32

0.07

.014

.038

.015

.011

.012

.020

.035

.027

.031

.031

.005

.001

.004

.004

.002

.001

.005

.007

.003

73

7.2

9.4

2.1

2.3

4.8

0.30

0.14

0.06

.022

.028

.012

.011

.038

.046

.003

.001

.002

11

17

18

33

5.7

2.2

2.9

3.9

1.1

0.86

0.47

0.35

0.21

0.17

0.14

0.11

0.26

0.43

0.12

0.19
0.45

0.08

0.05

0.07

0.05

0.05

0.10

0.07

.030

.028

.041

.027

.033

.013

.018

.028

.050

.018

.027

.034

.018

.022

.005

.010

.005

.006

.005

.009

.001

.006

.003

.003

.003

.001

.003

.004

.008

.001

.004

22

22

6.8

6.2

6.4

3.0

3.8

1.0

1.5

3.6

4.4

4.3

1.2

2.6
2.4

0.56

0.64

0.88

0.55

0.72

0.24

0.33

0.18

0.14

0.36

0.37

0.19

0.36

0.23

0.14

0.38

0.32

0.44

0.15
0.40
0.34

0.05

0.09

0.10

0.05

0.07

.017

.011

.013

.015

.030

.012

.046

.034

.016

.012

.050

.011

.030

.020

.002

.008

.002

.008

.004

.008

.003
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.002
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26

41

6.9

6.6

1.1

1.5

2.2

1.7

2.9
2.2

0.56

0.84

0.63

0.41

0.42
0.11
0.40

0.38
0.17

0.42
0.48

0.23

0.15
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0.12

0.11

0.22

0.46

0.42

0.25
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.005
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.006

.009
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75

5.1

1.6

0.52

0.93

0.16

0.22

0.38
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0.07

.043

.024

.033
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.039

.013

.047

.002

.002

.009

.003

.004

.006

.008

.002

.006
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21

8.1

3.9

0.72

0.81

0.10

0.06

.010

.041

.025

.019

.006

.001

.004

.008

.002

.001
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.001

15

51

15

1.6

3.8

4.8

4.9

0.78

0.79

0.24

0.13

0.15
0.35

0.06

0.08
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0.08
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0.07

0.09

.025

.023

.023

.011

.044

.011

.041

.014

.046

.013

.040

.013

.048

.010

.013

.015

.050

.043

.017

.049

.010

.004

.003

.006

.007

.002

.004

.004

.001

.002

.006

.009

.002

.004

.002

.006

.003

.001

.001

.009

.002
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12

9.9

6.5

1.4

1.9

1.4

1.9

3.2

3.0
3.7

0.79

0.92

0.55

0.69

0.28
0.13
0.38

0.39
0.22

0.33
0.17

0.47

0.11

0.42

0.21
0.47

0.21

0.35

0.37

0.19

0.12

0.14

0.45

0.10
0.43
0.16

0.05

0.06

.019

.018

.026

.014

.026

.017

.033

.015

.035
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.014

.012

.009

.010

.006

.004

.001
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.005

.004

.006
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14

5.3

1.2

1.9

1.4

1.0

4.3
1.8

2.4

1.4

3.3

1.8

4.8

0.80

0.71

0.87

0.72

0.55

0.17

0.38

0.21

0.13

0.16

0.12

0.17
0.14

0.33

0.18

0.46

0.29

0.18

0.09

0.05

0.06

0.06

0.08

0.06

0.05

.027

.019

.014

.031

.043

.033

.002

.006

.008

.007

.001

.002

.001

11

57

9.8

5.2

1.1

1.6
1.5

3.0
1.0

5.0

0.71

0.53

0.12

0.11

0.21

0.34

0.09

0.09

.030

.019

.036

.014

.023

.002

.002

.002

.007

.007

.008

.010

.002

.007

.005

77

11

6.8

2.7

0.98

0.10

0.46

0.05

0.06

0.06

0.05

.020

.023

.005

.005

.010

.003

30

37

9.8

6.8

3.7

4.4

1.1

0.93

0.60

0.86

0.52

0.32

0.15

0.18

0.13

0.14

0.27

0.27

0.47

0.11

0.49
0.34
0.19

0.06

0.09
0.05

0.09

0.06

0.08

.043

.030

.026

.014

.025

.012

.010

.028

.017

.017

.021

.013

.014

.012
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.036

.012

.012

.001

.002

.002

.006

.005

.003

.005

.009

.002

.006

.004
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.003
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.004
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6.9

6.8

5.1

2.2

1.2

1.5

2.8
2.1

1.4

1.0

3.2

4.9

0.78

0.99

0.77
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0.21

0.37
0.28

0.11

0.14

0.29

0.13

0.26
0.16

0.33

0.49

0.15

0.27
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11
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1.2
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0.87
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0.18

0.15
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49

23

4.4

4.5

1.8

0.83

0.87

0.52
0.99

0.45

0.14

0.14

0.19

0.07

0.06

.012

.030

.026

.014

.011

.048

.038

.002

.001

.005

.009

.003

.001
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37

14

9.4

1.8

4.0

0.77

0.15

0.08

0.08

.018

.021

.012

.038

.013

.003

.006

.003

.001

.007

.002
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15

27

6.9

8.1

5.7

1.1

2.2

1.7

0.62
0.84

0.10

0.11

0.14

0.20

0.22

0.15

0.35

0.14

0.28

0.34

0.23
0.44
0.14

0.09

.011

.014

.012

.025

.036

.013

.030

.014

.011

.010

.030

.027

.018

.011

.011

.037

.042

.017

.017

.028

.041

.009

.005

.005

.001

.009

.001

.003

.008

.004

.006

.004

.001

.008

.004

.006

.001

.002

.002

.006

.004

.003
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13

6.9

1.6

1.2

2.5

1.5

1.2

3.8

3.8

3.3

4.1

4.8

1.00

0.68

0.78

0.64

0.61

0.15
0.20
0.16

0.31
0.14

0.31
0.29

0.10

0.14

0.18
0.15

0.13

0.20

0.20

0.11

0.20

0.40

0.12
0.10

0.08

0.07

0.08

.032

.011

.015

.010

.046

.041

.029

.016
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.019

.010

.027

.047

.040

.020

.002

.002

.003

.003

.002

.003

.004

.001
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16

8.5

7.0

9.9

2.3

5.0

4.0

2.2

4.5

3.0

2.3

3.2

2.6

1.4

0.51

0.54

0.69

0.12

0.13
0.21
0.35
0.20

0.27

0.28

0.23

0.42

0.42

0.07

0.09

0.08

0.07

0.08

0.09

0.09

.010

.034

.029

.013

.041

.026

.049

.023

.012

.009
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.007

.004

.009

.006
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14
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20

1.7

1.4
1.1

1.1

1.8
2.0

3.7

4.7

1.2

1.0

2.1

0.65

0.41

0.14

0.36

0.49

0.37

.029

.003

.002

.001

.004

.002

.004

.001

.001

41

18

23

14

3.9

0.21

.010

.014
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.003
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8.3
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1.1
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3.5

1.3
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1.2

1.8

3.8

0.74

0.54

0.94

0.58

0.93
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0.77

0.80

0.69

0.99

0.38

0.20

0.27

0.12

0.05

0.07

.013

.031
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.018

.047
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.013
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.009
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3.6

3.3
2.7
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0.53
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0.53

0.17

0.12
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0.18
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0.22
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0.15

0.27

0.28

0.27

0.24
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0.15

0.05

0.09
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0.05
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.002
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1.6

2.1

1.9

3.1

4.5
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0.55

0.68
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0.67

0.69

0.22

0.31

0.18

0.16

0.13

0.12

0.14
0.19

0.23

0.16

0.31

0.33

0.44

0.17

0.11

0.06

0.08

0.10

.030

.019

.038

.013

.036

.019

.001

.005
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.010

.007
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22

8.9

5.9

3.2

1.8
1.2

2.6

4.8

1.3

3.4

0.94

0.71

0.83

0.38

0.14

0.37

0.24

0.34

.019

.017

.002

.001

.004

.002
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2.9

2.7

0.30

.004

.002
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13

5.2

9.0

3.4

2.0

4.8

1.5

0.56

0.58

0.58

0.77

0.15

0.13

0.34

0.23

0.22

0.29

0.30

0.49

0.18

0.39

0.39

0.06

0.06

0.07

0.06

.018

.014

.011

.013

.012

.038

.016

.018

.018

.005

.006

.003

.004

.009

.010

.005

.004

.008

.007

.002

.002

.006

.009

.003

.003

.006

.003

.003

12

13

7.1

8.4

9.2

5.4

5.6

6.3

2.9

1.1

1.8

1.6

4.3

1.7

1.8

3.4

4.7
1.8

0.97

0.54

0.21

0.18

0.45
0.29
0.14

0.16

0.11

0.26
0.14

0.24

0.13
0.16

0.30
0.10

0.20

0.12

0.29

0.33

0.33

0.44

0.39

0.22

0.19

0.09

0.09

0.05

0.05

0.08

0.07

.011

.034

.029

.027

.017

.024

.003

.008

.003

.008

.002

.001

.009

.002

11

11

23

7.1

9.8

7.0

5.1

2.0

2.4

3.5

3.0

1.6

4.7

0.53

0.59

0.99

0.98

0.58
0.80

0.14

0.28
0.18

0.13
0.46

0.17

0.28

0.11
0.20

0.41
0.12

0.39

0.26

0.29

0.05

0.08
0.09
0.10

0.06

0.07

0.06

.010

.022

.033

.025

.012

.014

.027

.010

.022

.024

.006

.003

.009

12

39

18

8.6

5.5

5.6

1.2

1.0

1.2

1.9
1.0

1.2

0.63

0.51

0.64

0.57

0.36

0.15

0.26

0.20

.016

.004

.005

.006

.002

.007

20

31

40

8.5

0.37

.014

.017

.011

.004

.002

.004

.002

.001

14

10

27

12

11

1.1

1.2

1.2

2.3

2.4
1.3

1.7

2.9

2.9

0.56

0.98

0.91

0.80

0.93
0.70

0.50

0.16

0.29

0.38

0.18

0.38

0.33

0.12

0.08

0.05

0.08

0.09

0.06

.010

.011

.026

.011

.011

.020

.048

.015

.013

.035

.039

.014

.018

.025

.035

.005

.006

.005

.005

.004

.003

.009

.001

.010

.007

.001

.002

.002

11

10

18

12

5.9

8.2
6.2

7.3

1.1

1.1

1.3

1.9

3.2

3.3

0.76

0.70

0.89

0.86

0.31
0.18

0.16
0.35

0.11
0.12

0.18

0.14

0.11

0.18

0.16
0.20

0.41
0.13

0.32

0.41

0.32

0.46

0.16

0.37

0.07

0.07

0.06
0.06

0.07

0.10

0.09

0.09

0.08

.026

.019

.013

.015

.022

.026

.015

.015

.030

.026

.032

.001

.008

.005

.005

.005

21

12

5.4

8.7

7.4

6.2

10.0

4.6

1.7

1.1

1.4

3.2

1.7

2.1

2.5

0.98

0.64

0.99

0.63

0.73

0.73
0.76

0.15

0.32

0.49

0.20

0.13

0.13
0.30

0.21

0.30
0.32

0.40

0.26
0.46

0.33

0.45

0.08
0.07

0.08

0.06

0.07

0.08

0.05

.025

.039

.043

.037

.021

.033

.029

.026

.001

.008

29

18

21

8.5

6.7

1.5

1.5

1.1

2.0

1.1

3.3

1.7

0.67

0.60

0.16

0.42

0.48

0.13

0.33

0.33

.019

.042

.001

.008

.004

.003

.001

.001

54

16

19

9.2

0.76

.020

.007

.002

.007

.010

26

19

15

15

7.1

1.3

2.2

1.4

1.6

4.1

0.73

0.83

0.80

0.25

0.48

0.47

0.26

0.13

0.35

0.37

0.39

0.36
0.44

0.20

0.17

0.06

0.09

0.07

.016

.013

.040

.012

.011

.012

.035

.017

.013

.024

.023

.014

.025

.032

.027

.037

.019

.001

.002

.007

.008

.001

.002

.003

.008

.005

.004

.004

.003

.003

.001

.003

.005

.008

17

11

11

7.8

8.3

4.2

1.3

3.3

3.0

3.3
4.1
3.1

1.9

4.0

4.0

0.68

0.96

0.55

0.60

0.62

0.97
0.54

0.64

0.55

0.13

0.19

0.24

0.47

0.17

0.10

0.12
0.23

0.21

0.21
0.31

0.11
0.25

0.32

0.22
0.33

0.15

0.13

0.37

0.19

0.17

0.08

0.06

0.09

0.09

0.07

0.06

.043

.024

.046

.048

.037

.022

.033

.040

.018

.021

.001

.004

.006

.002
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BF10
_B

R14

BF11
_B

R13

BF12
_B

R12

BF13
_B

R11

BF14
_B

R10

BF10
_B

R24

BF11
_B

R23

BF12
_B

R22

BF13
_B

R21

BF14
_B

R20

BF20
_B

R14

BF21
_B

R13

BF22
_B

R12

BF23
_B

R11

BF24
_B

R10

BF20
_B

R24

BF21
_B

R23

BF22
_B

R22

BF23
_B

R21

BF24
_B

R20

BR10
_B

F14

BR11
_B

F13

BR12
_B

F12

BR13
_B

F11

BR14
_B

F10

BR20
_B

F14

BR21
_B

F13

BR22
_B

F12

BR23
_B

F11

BR24
_B

F10

BR10
_B

F24

BR11
_B

F23

BR12
_B

F22

BR13
_B

F21

BR14
_B

F20

BR20
_B

F24

BR21
_B

F23

BR22
_B

F22

BR23
_B

F21

BR24
_B

F20

Batrachospermaceae
Parachordodidae

Orchestes fagi
Agabus sp.
Agabus sp.

Deronectes latus
Elmis aenea

Elmis maugetii
Limnius volckmari

Oulimnius tuberculatus

Hydraena gracilis
Anacaena globulus
Meligethes aeneus

Elodes marginata
Elodes minuta

Hydrocyphon deflexicollis
Cecidomyiidae

Brillia bifida
Brillia longifurca

Chironomidae
Chironomidae
Chironomidae
Chironomidae

Conchapelopia hittmairorum
Corynoneura celtica

Heterotrissocladius marcidus
Macropelopia notata

Macropelopia sp.
Micropsectra notescens

Micropsectra sp.
Orthocladiinae

Orthocladius dentifer
Polypedilum convictum

Polypedilum pullum
Potthastia longimanus
Prodiamesa olivacea
Prodiamesa olivacea

Rheocricotopus fuscipes
Thienemanniella obscura

Trissopelopia cf. flavida
Trissopelopia longimana

Tvetenia calvescens
Zavrelimyia sp.

Dixidae
Eloeophila sp.

Eloeophila trimaculata
Dicranota pavida

Pedicia littoralis
Pediciidae
Pediciidae
Simuliidae

Simulium ornatum
Simulium sp.
Simulium sp.
Simulium sp.

Simulium vernum
Hybomitra distinguenda

Hybomitra epistates
Tabanus cordiger

Chironomidae
Pediciidae

Baetis rhodani
Baetis scambus

Baetis vernus
Centroptilum luteolum

Ephemerella ignita
Ephemerella ignita
Ephemera danica

Ecdyonurus sp.
Ecdyonurus venosus

Habroleptoides sp.
Habrophlebia lauta

Leptophlebia marginata
Eiseniella tetraedra

Nais alpina
Nais sp.

Micronecta sp.
Velia caprai

Radix labiata
Myrmica ruginodis

Lumbriculidae
Lumbriculidae

Lumbriculus variegatus
Stylodrilus heringianus

Siphonoperla torrentium
Leuctra albida
Leuctra aurita

Leuctra braueri
Leuctra digitata

Leuctra sp.
Leuctridae

Nemoura avicularis
Protonemura auberti

Diura bicaudata
Ancylus fluviatilis
Phytophthora sp.

Helobdella sp.
Dicyrtomina minuta

Anomalopterygella chauviniana
Chaetopteryx villosa

Drusus annulatus
Halesus radiatus

Potamophylax cingulatus
Odontocerum albicorne

Wormaldia occipitalis
Cyrnus trimaculatus

Polycentropus flavomaculatus
Polycentropus irroratus

Oecismus monedula
Sericostoma sp.
Sericostoma sp.
Sericostoma sp.
Sericostoma sp.

Anystidae

Batrachospermaceae
Parachordodidae

Curculionidae
Dytiscidae
Dytiscidae
Dytiscidae

Elmidae
Elmidae
Elmidae
Elmidae
Elmidae

Hydraenidae
Hydrophilidae

Nitidulidae
Scirtidae
Scirtidae
Scirtidae

Cecidomyiidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae

Dixidae
Limoniidae
Limoniidae
Pediciidae
Pediciidae
Pediciidae
Pediciidae
Simuliidae
Simuliidae
Simuliidae
Simuliidae
Simuliidae
Simuliidae
Tabanidae
Tabanidae
Tabanidae

Baetidae
Baetidae
Baetidae
Baetidae
Baetidae

Ephemerellidae
Ephemerellidae

Ephemeridae
Heptageniidae
Heptageniidae

Leptophlebiidae
Leptophlebiidae
Leptophlebiidae

Lumbricidae
Naididae
Naididae

Corixidae
Veliidae

Lymnaeidae
Formicidae

Lumbriculidae
Lumbriculidae
Lumbriculidae
Lumbriculidae

Chloroperlidae
Leuctridae
Leuctridae
Leuctridae
Leuctridae
Leuctridae
Leuctridae

Nemouridae
Nemouridae

Perlodidae
Ancylidae

Pythiaceae
Glossiphoniidae

Dicyrtomidae
Limnephilidae
Limnephilidae
Limnephilidae
Limnephilidae
Limnephilidae

Odontoceridae
Philopotamidae

Polycentropodidae
Polycentropodidae
Polycentropodidae
Sericostomatidae
Sericostomatidae
Sericostomatidae
Sericostomatidae
Sericostomatidae

Anystidae

Batrachospermales
Chordodea
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera

Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera

Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera

Haplotaxida
Haplotaxida
Haplotaxida

Hemiptera
Hemiptera
Hygrophila

Hymenoptera
Lumbriculida
Lumbriculida
Lumbriculida
Lumbriculida

Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Pulmonata

Pythiales
Rhynchobdellida

Symphypleona
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera

Trombidiformes

45 (4,2 %)

6  (0,56 %)

1  (0,35%)

6  (0,56%)

12  (1,1%)

3  (0,28%)
2/1  (0,19%/0,093%)

123  (11,5%)

13  (1,2%)

1  (0,093%) 2  (0,7%)
1  (0,093%) 7  (2,5%)

5  (1,8%)

70  (6,5%)

7  (0,65%) 6  (2,1%)

51  (4,8%)

6  (0,56%)

212  (19,8%) 2  (0,7%)

64  (6%) 98  (34,4%) 23  (42,6%)
12  (4,2%) 1  (1,9%)

89  (8,3%)
14  (1,3%)
14  (1,3%)

2  (0,19%) 6  (2,1%)

1  (0,35%) 3  (5,6%)

8  (0,75%)
1  (0,093%)

1  (0,35%)

1  (0,093%)

1  (0,093%)

69  (6,4%)

38  (3,5%) 3  (1%)

1  (0,093%)
54  (5%) 6  (2,1%)

1  (0,35%)
9  (0,84%) 65  (22,8%) 2  (3,7%)

1  (0,35%)
8  (14,8%)

2  (0,19%) 13  (4,6%) 1  (1,9%)
7/5  (0,65%/0,47%)   5  (1,8%)

1  (0,35%)
1  (0,93%) 2  (0,7%)

39  (3,6%) 5  (1,8%)

2  (0,7%)

2  (3,7%)

sample site 8

S M L

HiSeq 2*250 bp

( Preliminary data! )
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Conclusions and outlook

Metabarcoding works!

Missidenti�cation

Morphology Metabarcoding

Taxonomic resolution

Data compariability

Speed

Cost

Abundance

+— — + +
— —

— —
—

—
+
+

+
+

taxon
dependent

cost is
sinking

taxon
indipendent

does not occuroccurs!

•	 No abundance data possible! 
presence / absence data

•	 Upcoming: 
metabarcoding of complete kick  
samples from 20 sampling sites

5 kick samples per site - WFD

8

10



www.udue.de/leeselab Vasco.Elbrecht@uni-due.de @luckylionde 15

Help and financing

Involved people and partners
•	 Jannis Neuman
•	 Bianca Peinert
•	 Kristian Meissner
•	 Ralph Tollrian
•	 Rüdiger Wagner
•	 Xavier-Francois Garcia
•	 Wolfgang Wägele
•	 Arne Beermann
•	 Jan Macher
•	 Martin Sondermann
•	 Maria Gies
•	 Martina Weiss
•	 Hannah Weigand

Vasco Elbrecht                          Florian Leese

Funding, Kurt Eberhard Bode Foundation


