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Abstract

Understanding the relationship between predator and prey in stream ecosystems can be particularly challenging when
characterizing these cryptic species in predator diets using only the morphological identification of mixed and degraded prey
fragments in predator feces. Here, we developed a methodology for bird diet analysis based on next-generation sequencing. We
evaluated whether a molecular, non-invasive technique is useful for identifying prey in fecal samples of the brown dipper (Cinclus
pallasii Temminck, 1820). Although the brown dipper is a member of the Passeriformes, they are river birds that can dive into water
for foraging. According to previous research, brown dippers feed mainly on aquatic insects, and occasionally on fish, crab and
shrimp. This research is focused on the brown dipper’ s diet in the non-breeding season. The feces samples were collected at five
sites covering the Cijiawan Stream region in the Wuling area of Taiwan. We used next generation sequencing to identify the prey in
the brown dipper’ s feces. Based on the NCBI (National Center for Biotechnology Information) and BOLD (Barcode of Life
Database) databases, the diversity of dietary items identified spanned 11 genera belonging to 8 families within 6 orders, and 19
genera and 3 species belonging to 15 families within 6 orders, respectively. The dominant taxonomic prey group in the NCBI
database was the Ophyra (43% of total sequences), followed by the Rhithrogena (21% of total sequences). The resolution could
have reached the genus level. In the BOLD database it was the Tipula (25% of total sequences) followed by the Rhithrogena parva
(11% of total sequences). The resolution could have reached the species level. Using different databases, the same sequence was
identified for the Ophyra by the NCBI, as for the Tipula by the BOLD. The Ophyra has no record in previous aquatic insect research
in the Wuling area. After checking the feces samples, there were no similar fragments found in the samples. This suggested that the
results obtained from the BOLD were more reliable. However, nearly half of the sequences could not be identified by BOLD. Our
findings indicate that there is an urgent need for a local reference database, in order to obtain results with a higher resolution in
future studies.
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Fig. 1. The study localities. The triangles indicate the sampling sites of the feces of the brown dipper, and the circles

indicate the sampling sites for the aquatic insects.
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Table 1. The identification results of NGS output sequences (taking sequences replicated more than 1000 times)

compared to the NCBI database

Percentage of sequence

Order Family Genus Species %) Similarity (%)
Coleoptera Staphylinidae Zyras haworthi 0.34 86
Diptera Hybotidae Chersodromia amaura 0.08 90
Diptera Hybotidae Elaphropeza chekjawa 0.51 89
Diptera Muscidae Ophyra leucostoma 43.19 93~95
Ephemeroptera Baetidae Baetis fuscatus 0.13 87
Ephemeroptera Baetidae Procloeon sp. 0.06 91
Ephemeroptera Heptageniidae Notonurus Josettae 0.03 87
Ephemeroptera Heptageniidae Rhithrogena Japonica 20.50 88~89
Lepidoptera Anthelidae Anthela stygiana 6.45 91
Plecoptera Capniidae Capniidae sp. 2.10 86~87
Trichoptera Hydropsychoidea Ceratopsyche bronta 1.48 92
Unidentified 25.15
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Table 2. The identification results of NGS output sequences (taking sequences replicated more than 100 times)
compared to the BOLD database

Percentage of

Order Family Genus Species sequence (%) Similarity (%)
Coleoptera Curculionidae Myllocerus sp. 0.028 90~91.67
Coleoptera Dytiscidae Laccophilus biguttatus 1.637 90~91.67
Diptera Ceratopogonidae sp. 0.014 92.86
Diptera Chironomidae sp. 0.008 91.03
Diptera Chironomidae Tokunagaia tonollii 0.172 90.36~91.67
Diptera Chironomidae Gymnometriocnemus sp. 4.469 90~92.13
Diptera Chironomidae Paraphaenocladius sp. 0.003 93.26
Diptera Dolichopodidae Dolichopus sp. 0.004 91.36
Diptera Drosophilidae Drosophila sp. 0.003 96.43
Diptera Mycetophilidae Mycetophila sp. 0.049 91.95~94.25
Diptera Syrphidae Xylota ouelleti 0.006 91.03
Diptera Tipulidae Tipula sp. 24.960 94.87~100
Ephemeroptera ~ Bacetidae Acentrella lata 0.043 98.69~100
Ephemeroptera  Baetidae Baetis sp. 0.005 95.51
Ephemeroptera ~ Baetidae Plauditus dubius 0.004 88.89
Ephemeroptera ~ Heptageniidae Rhithrogena ampla 1.160 96.73~100
Ephemeroptera ~ Heptageniidae Rhithrogena parva 10.983 96.08~100
Lepidoptera Erebidae Isogona natatrix 0.003 90.37
Lepidoptera Geometridae Alcis sp. 2.080 89.66~93.1
Lepidoptera Geometridae Operophtera bruceata 0.012 90.48~91.27
Plecoptera Leuctridae Paraleuctra vershina 0.008 91.11~92.22
Trichoptera Hydropsychidae Hydropsyche alhedra 0.827 92.06~94.44
Trichoptera Hydropsychidae Hydropsyche slossonae 0.015 93.65
Unknown 42.079

Unidentified 11.321
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Fig. 2. Based on the NCBI and BOLD databases, we employed rarefaction curves to evaluate the completeness of
the sequencing effort in the genus level in the brown dipper’s feces for describing the sequence diversity in

dietary items.
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Fig. 3. Aquatic insect composition from the NGS output sequences in insect orders. A: The identification results from
the NCBI database. B: The identification results from the BOLD database.
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Table 3. Composition of aquatic insects during October 2014 in the Cijiawan Stream

Order Family Subfamily Genus Species Percentage of number (%)
Coleoptera Dytiscidae Deronectes sp. 0.01
Coleoptera Elmidae Zaitzevia sp. A 2.06
Coleoptera Elmidae Zaitzevia sp. B 0.13
Coleoptera Hydrophilidae Paracymus sp. 0.01
Coleoptera Scirtidae Cyphon spp. 0.41
Diptera Blephariceridae Agathon spp. 0.07
Diptera Blephariceridae Bibiocephala spp. 0.07
Diptera Ceratopogonidae Bezzia sp. 0.08
Diptera Chironomidae Orthocladeenae spp. 3.20
Diptera Chironomidae Tanypodinae Spp. 0.66
Diptera Chironomidae sp.C 6.26
Diptera Chironomidae spp. 9.59
Diptera Empididae Chelifera sp. 0.01
Diptera Empididae Clinocera sp. 0.01
Diptera Empididae Hemerodromia 0.02
Diptera Limoniidae Antocha sp. 0.84
Diptera Noctuidae Eriocera sp. A 0.41
Diptera Noctuidae Eriocera sp. B 0.80
Diptera Pediciidae Dicranota sp. 0.03
Diptera Sciaridae 0.01
Diptera Simuliidae Simulium sp. 5.77
Diptera Thaumaleidae 0.02
Ephemeridae Acerentomidae Acerella montana 0.46
Ephemeridae Baetidae Acentrella lata 3.91
Ephemeridae Baetidae Baetiella bispinosa 0.87
Ephemeridae Baetidae Baetis spp. 38.06
Ephemeridae Ephemerellidae Cincticostella fusca 0.16
Ephemeridae Ephemeridae Ephemera sauteri 1.01
Ephemeridae Heptageniidae Epeorus erratus 0.08
Ephemeridae Heptageniidae Rhithrogena ampla 16.51
Plecoptera Nemouridae Amphinemura sp. 0.85
Plecoptera Nemouridae Protonemura spp. 0.34
Plecoptera Perlidae Neoperla spp. 1.44
Plecoptera Styloperlidae Cerconychia sp. 0.05
Trichoptera Glossosomatidae Glossosoma sp. 0.82
Trichoptera Hydrobiosidae Apsilochorema sp. 0.11
Trichoptera Hydropsychidae Arctopsyche sp. 0.03
Trichoptera Hydropsychidae Hydropsyche spp. 2.96
Trichoptera Hydroptilidae Hydroptila sp. 0.01
Trichoptera Lepidostomatidae Goerodes sp. 0.10
Trichoptera Rhyacophilidae Himalopsyche sp. 0.10
Trichoptera Rhyacophilidae Rhyacophila nigrdcephala 1.22
Trichoptera Rhyacophilidae Rhyacophila spp. 0.31
Trichoptera Stenopsychidae Stenopsyche sp. 0.06
Trichoptera Uenoidae Uenoa taiwanesis 0.05
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Fig. 4. Aquatic insect composition of order level during October 2014 in the Cijiawan Stream. Insect orders and their

percentage are shown.
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Next Generation Sequencing for Analyzing DNA of Prey
Remains in the Feces of the Brown Dipper (Cinclus pallasii
Temminck, 1820) to Investigate its Diet in the Non-breeding
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ABSTRACT

Understanding the relationship between predator and prey in stream
ecosystems can be particularly challenging when characterizing these cryptic
species in predator diets using only the morphological identification of mixed
and degraded prey fragments in predator feces. Here, we developed a
methodology for bird diet analysis based on next-generation sequencing. We
evaluated whether a molecular, non-invasive technique is useful for identifying
prey in fecal samples of the brown dipper (Cinclus pallasii Temminck, 1820).
Although the brown dipper is a member of the Passeriformes, they are river
birds that can dive into water for foraging. According to previous research,
brown dippers feed mainly on aquatic insects, and occasionally on fish, crab
and shrimp. This research is focused on the brown dipper’s diet in the
non-breeding season. The feces samples were collected at five sites covering the
Cijiawan Stream region in the Wuling area of Taiwan. We used next generation
sequencing to identify the prey in the brown dipper’s feces. Based on the NCBI
(National Center for Biotechnology Information) and BOLD (Barcode of Life
Database) databases, the diversity of dietary items identified spanned 11
genera belonging to 8 families within 6 orders, and 19 genera and 3 species
belonging to 15 families within 6 orders, respectively. The dominant taxonomic
prey group in the NCBI database was the Ophyra (43% of total sequences),
followed by the Rhithrogena (21% of total sequences). The resolution could have
reached the genus level. In the BOLD database it was the Tipula (25% of total
sequences) followed by the Rhithrogena parva (11% of total sequences). The
resolution could have reached the species level. Using different databases, the
same sequence was identified for the Ophyra by the NCBI, as for the Tipula by
the BOLD. The Ophyra has no record in previous aquatic insect research in the
Wuling area. After checking the feces samples, there were no similar fragments
found in the samples. This suggested that the results obtained from the BOLD
were more reliable. However, nearly half of the sequences could not be
identified by BOLD. Our findings indicate that there is an urgent need for a
local reference database, in order to obtain results with a higher resolution in
future studies.

Key words: Cinclus pallasii, diet, aquatic insect, Next Generation Sequencing.
COI (cytochrome oxidase I)
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