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ABSTRACT

DNA of prey present in owl pellets may provide duadle source of information for dietary
studies. This study intended to identify prey speeaf short-eared owA& o flammeus) designated
as natural monument No. 324 in South Korea, usiotecnlar genetic methods. We used 170
bones from 18 pellets to identify species. A tatBhine species were identified as short-eared
owls’ prey. Small mammals constituted the highestcentage (89.9%)Apodemus agrarius
(51.5%),Micromys minutus (23.6%),Mus musculus molossinus (8.3%), Crocidura shantungensis
(5.3%) andRattus norvegicus (1.2%). We also were able to identify not only Bmammals but
birds and an amphibian: Japanese qu&btyrnix japonica), Vinous-throated parrotbill
(Paradoxornis webbianus), and eastern turtle dov&i(eptopelia orientalis), and Kori-salamander
(Hynobius yangi). This study will greatly enhance the ability ofep identification for
conservation management of short-eared owls ifutiiee.
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INTRODUCTION

The short-eared owlA§o flammeus) is a medium-sized ow! in the order of Strigifosndt is
included in Appendix Il of Convention on Internatad Trade in Endangered Species (CITES) and
listed as natural monument No. 324 by the MinisifyCulture and Tourism, Korea. The short-
eared owl is active during day time and prefersnopabitats such as coastal tidal and brackish
marshes, inland fields, pastures, and grasslandsreas most owls are mainly nocturnal and
distributed in forest zones (Clark 1975).

Owl pellets are accumulations of the undigestediqguos of prey, which are regurgitated and
ejected through the mouth in compact units (Tab&lEumagalli 1996). The bones, including the
skull and mandibles of even the most delicate gargsnall mammals or bird species, are found in
the pellets (Poulakakes al. 2005). Therefore many studies have utilized pelhetlysis to identify
food items (Hendrickson & Swan 1938; Lymeinal. 2003; Petty 1999; Randle & Austing 1952;
Smithet al. 1972; Twente & Baker 1951). However, the converglanethod may be erroneous
and have low efficiency. Over the last 15 yearsnynaethods and experimental strategies have
been developed for the retrieval and analysis olige ancient DNA sequences (Orlarelal.
2003; Paabet al. 1988; Yanget al. 1996;), and have succeeded in identifying of faodlysis
using extraction of DNA from bones. Therefore,histstudy, we attempted to identify the prey of
short-eared owls from pellets using the molecudaragic method, which is effective and accurate.

METHODS

Collection of pellets

Pellets from the short-eared owl were collectedien Dalsung wetland in Daegu, South Korea
which is at the junction of Nakdong and Kumho re/€Fig. 1). Flora such as reed canary grass
(Phalaris arundinacea), fleabane Krigeron Canadensis), curly dock Rumex crispus), and
waterfowl such as mallarddgas platyrhynchos), pintail (Anas acuta), green-winged tealApas
crecca) and spot-billed duckApnas poecilorhyncha) were common locally (Lee 2003). A total of
71 pellets were collected within 50m of short-eaveds’ roosting sites in April and May 2002 and
May 2003. We randomly selected bones from eacleipékcause there were dozens of bone
fragments. We chose lower mandible of the sametitirg and femur of the same direction. Also
we chose all unusual bones. We sampled 64 piecémmds from 7 pellets out of 23 pellets
collected in April 2002, 50 pieces from 5 pelleisMay 2002 and 56 pieces from 6 pellets in May
2003 (Table 1). The total number of bone fragmerats 170.



In addition, a trap survey was conducted in 2002e(R003) to identify small mammals in this
area. It was conducted using the Sherman trap ars@ivin snap trap from May 2& June 12 in
2002 for 15 consecutive days.

Genetic analysis

Bone samples were used for DNA extraction. The $ssnpere carefully cleaned using 70%
EtOH and ground to fine powder using micropestlpp@dorf). The DNA extraction procedure
followed the DNeasy tissue kit (QIAGEN).

PCR amplification was performed in ajZ0volume containing ¢ of 10X BSA (promega), |
of 10X buffer (iNtRON), 1.8¢ of dNTP (iNtRON), £ of each primer, and Qu2 of Taq
polymerase (iNtRON). The optimal thermocycler peogrwas: 45 cycles of 92C for 1 min,

51 °C for 1 min, 72°C for 2 min. We used the following primer sequence44841 (5'-AAA-

AAG-CTT-CCA-TCC-AAC-ATC-TCA-GCA-TGA-TGA-AA-3") and H15149 (5-AAA-CTG-
CAG-CCC-CTC-AGA-ATG-ATA-TTT-GTC-CTC-A-3') (Kocheet al. 1989).

The PCR products were purified using Zymoclean @¢A Recovery kit (ZYMO RESEARCH)
and sequenced using an Automatic DNA sequencingiima¢ABI 3700, PE Applied Biosystems).
Prey species were identified by comparison wittusege data from GenBank and personal data.

RESULTS

A total of nine species were identified as shoredawls’ prey. The predominant species of prey
were small mammals: Eurasian field mou@godemus agrarius), European harvest mouse
(Micromys minutus), house mouse(Mus musculus molossinus), and Norway rat(Rattus
norvegicus) of Muridae, and Asian lesser white-toothed shr@wocidura shantungensis) of
Soricidae. We could also identify three bird spe@ed an amphibian: Japanese qu&dtyrnix
japonica) of Phasianidae, eastern turtle doBreptopelia orientalis) of Columbidae, Vinous-
throated parrotbill Raradoxornis webbianus) of Panuridae and Kori salamandElyobius yangi)

of Hynobiidae (Table 2).



Relatively large prey species such as JapaneskamabiNorway rat were found in only one pellet
(Table 2). We were able to identify the nine prpgaes from an analysis of 169 DNA samples out
of 170 bone samples (99.4%).

Small mammals constituted the highest percenta®@998): Eurasian field mousé1.5%),
European harvest moué23.6%), Japanese wild mou&3%), Asian lesser white-toothed shrew
(5.3%) and Norway rdtl.2%). Birds (7.1%) and amphibian (3%) were atkmtified (Fig. 2).

Discussion

Kori salamander (n = 2 pellets) and Japanese qeastern turtle dove and vinous-throated
parrotbill of birds (n = 5 pellets) were found inlp a few samples. However, we determined that
amphibians and birds are important prey speciesusecthese came from a relatively large
number of pellets (n= total 7 of 18 pellets). ks that it is possible to identify reptile andeicts

as their prey like the existing studies (Banks 199%arez-Castanedet al. 2004).

Of the short-eared owls’ prey species, Kori salateanvas especially important as it was reported
in this study. Kori salamander was reported asvaspgecies in 2003 (Kirat al. 2003), because it

is distributed only in Kori, Korea, and it diffefsom the Korean salamandetynobius leechii)
which distributed broadly in South Korea. Howewerthis study shows short-eared owl preyed on
Kori salamander.

In this study, Eurasian field mice was a domingmecges similar to the trap survey of small
mammals (37/39 individuals caught) (Lee 2003). Hmvewe identified five mammal species
whereas Sherman and snap traps revealed only s8¢ individuals of Eurasian field mice and
2 white-toothed shrewCrocidura lasiura). The white-toothed shrews were not identifiedhe
pellet study whereas this species was identifiepravious trap survey. We believe that the short-
eared owl avoid preying white-toothed shrews duiaéar strong smell from the stink gland at the
lateral part of body (Ministry of Education 196 7Therefore it seems that it is possible for short-
eared owl to avoid them as their prey species. Heropossibility is that since we did not
completely examine the whole owl pellets there @y chance to find the white-toothed shrews
among the pellets not examined. However, we belieatthere is a little chance of identifying the
shrew species in the remaining owl pellets considdhe species list in the study area.

Our method using DNA in bones was proved to be nameurate than the conventional trap
method and also was non-invasive sampling methoesuhably our method using owl pellets



demonstrated the value of examining the owl petteiadicate the species present in a region.

There were hundreds of pieces of bone in a p8kepaired elements of bones (mandibles, femur,
etc.) were selected and the largest number of elenfeom either left- or right-hand side was
chosen to reduce the cost. In our study, we ordyisabout 10 dollars for each species (bone) and
had a reliable result (Table 3). To have fast arekpensive results we are trying to use PCR-
Restriction Fragment Length Polymorphism (RFLP) Beshaturing Gradient Gel Electrophoresis
(DGGE). With those methods identification of akthones in a pellet would be possible and faster
result would be expected.

This study for the first time in continental Asiardonstrated that molecular genetic technique can
be a useful tool for identification of food itenmsowl pellets and will greatly enhance the ability
of identification and conservation of short-earedson the future.
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Fig. 1. Map showing study area in Daegu, South Korea. Pellets of short-eared owl were
collected within 50m of roosting sites



Table 1. The number of samplesused for molecular analysisfrom short-eared owl pelletsin
April and May 2002 and May 2003

Prey species

Mus Coturn

Pellet  Crocidura Apodem Microm Rattus _ Sreptope  Paradoxor _
musculus iX Hynobi
of owl  shantungen us ys _ norveg _ lia nis _
molossinu japoni us yangi

sis agrarius minutus icus orientalis  webbianus
s ca
1 - - - - +(2) - - - -
2 - - +(10) +(2) - - - - -
Apri

| 3 - +(6) +(1) +(2) - - - - -

200 4 - +(21) +(7) - - - - - -

5 5 - - - - - +(1) - - -
6 +(3) +(1) +(5) +(1) - - - - -

7 - - +(1) +(1) - - - - -

1 - +(3) +(2) +(5) - - - - -

May 2 - - - - - +(2) - - -
200 3 +(2) +(3) - - - - - - +(4)
2 4 +(2) +(13) - +(3) - - - - +(2)

5 +(2) +(2) +(5) - - - - - -

1 - +(3) +(4) - - - +(1) - -

May 2 - +0) . - . ) . ) .

3 - - - - - +(3) - - -

200

3 4 - +(26) - - - - - - -

5 - +(3) +(3) - - - - - -

6 - - +(2) - - - - +(5) -
TOTAL 4 (9) 11 (87) 10 (40) 6 (14) 1(2) 3 (6) D 1(5) 2(5)

+ Species present in each pellet, — species absent.

Numbers in parenthesis means number of samplegzadal



Table 2. Nine prey species of short-eared owl identified using molecular genetic analysis.

Total Samples

Sampling date

Total No. of pellets

.. No. of pieces of bone
No. of pellets used in this

for molecular

collected study )

analysis
2002. 4 23 7 64
2002.5 30 5 50
2003.5 18 6 56
Total 71 18 170

Fig. 2. Percentage of species composition in short-eared owl pellets by molecular genetic analysis.
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Table 3. Total cost of molecular analysisfor each bone (species) (unit: US dollars)

Experiment Price per sample Company
DNA extraction $24 Qiagen
Gel purification $2.0 Zymo Research
PCR $0.3 iINtRON
Sequencing $5.0 ABI 3700
Total $9.7




