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Table 1. Three types of accession number and barcode number.

Accession No. KHB type No. KNKA type No.
Barcode No. Same as accession No. KHB type No. None
Fraxinus 881 (73.9%) 43(3.6%) 268(22.5%)
Syringa 508 (79.1%) 23(3.6%) 111(17.3%)

2 ehn 1RgRe VA AR vt ggeh BFAUTE

(A

49 DB 1,1927 & AA-A AR7F e 232 25674 (20.0%) 1 1L
dajo] Qo] AMATEIF gl TRS 2504 (19.5%), AH L] gl =
Ho 25278 (19.7%), AALo] = FELS 2634 (20.5%) ) ATt.

zZoE4o] A9 AP AR Qs BELS 1348 (19.4%) 012 &

)

o glo] AA WE7l gl BES 1224 (17.3%), A7 o] gl B

& 12338 (17.5%), AR LDo] gl Fd> 1258 (17.8%) ol 3lth.

DB9} &S dddzE dixsfid 43 ZFeu-% DB 1,19270 &
9= FE 3405 A 1,158705 oz a9S u, 452709 A
TB7.9%)° A Fds e F A o] ol EERIFHIE,
HEEHEE QY 26874 (22.0%) = E3Eol Q7] ulie] DB
Jout Falsk £ gle FEol, TES 3oy DBole e HEI o
FHol AHPAB7.1%) o1t APA

=

T 2!
(87.8%)°l that ART 7] wFo] o] TEelx Feld 4 glof
=

At F52tel s 29 DB 6427] £ 1857019 A= (28.8%)°f o3t
H
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rlr

=¥ U [Fraxinus chinensis Roxb. var. rhynchophylla (Hance)
Hemsl.] 1314, H&EF#ANU5F (Fraxinus sieboldiana Blume) 1577
S WU (Fraxinus mandshurica Rupr.) 373, &SvlYU5 (Fraxinus
chiisanensis Nakai) 37H, FFTEF AT (Fraxinus excelsior L.)
164o%2 F 37849 %ol Wid DBE &g = Atk 7E
=raurs F59 dses AddRAd, S5 (Fraxinus
sieboldiana var. angusta Blume) 2] 79 DBel|l 62712 #A=7F Q3L 9]
< 2249 #EES 20159kl HEFHE AEd FHew 43
adE F4=FE Edel dob Az vHAE S 5 glSth
B2 53 [ Fraxinus rhynchophylla var. densata (Nakai) Y.N.Lee] 9]
A$E= DBAel 10709 As7F FeEQoew &wWE  Fraxinus
chinensis var. rhynchophylla®Z, =8 Fe=Fd=E o] AT
st 4 SISl o gho= o] AR H o
AATh 1A EF = DBY Yol Fraxinus sieboldiana® o]
R 107 T 238 BES G F A FFEFUUT

671 & Eel¥ TEL 1701903 DB glov 1689 BES F7t=
e ¢ AT Feane £ A5 AW [Syringa pubescens
subsp. patula (Palibin) M.C. Chang & X.L. Chenl¥ 24174

M3 Y- [Syringa  reticulate (Blume) H. Haral 6074

bl

M3 Y5 (Syringa wolfii C.K. Schneid) 3473 5 % 335 A9 H ¥

thet DBE &le =+ i3l
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g €9 o} DB wbelw#] oFe R e o] molt),

B =%Fo|A+= Stribling et al.(2003, 2008)] wz} 2015d %9
THTEYAA A ATE AEY ey & dATFE HEl

201735 A 3 AyE F3 AL SHIST
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12.9%% 7}4 2 Ao 2 et (Figure 1).
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()}
e & S. wolfii, 12.9
(V)
@
Q@ 10
s
T
o\° E sebdidians, . S. reticulata, 5.5
5 ® 46 F. mandshurica
& chinensis var. “0 34 S. pubescens
rhynchophylla, @ F. chiisanensis, subsp. Patula,
0 29 20 ~ 10

Figure 1. Comparison of percentage difference in enumeration(PDE) for
specimens re—identified by two laboratories. PDE shows the difference
between year 2015 and 2017. In case of Syringa wolffi, 118 specimens
were re—identified in 2015 while 153 specimens in 2017 so that the
difference was 12.9%.
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A&7 <]

Edx A% (PTD, % taxonomic disagreement)

v =T EErluelA A2 48.3%9F 39.2%% EA UERET

(Table 2—3, Figure 2).

50 @ F. mandshurica,
48.3
F. chiisanensis,

o 40

q:) 39.2

qE, 30

(]

.

(@]

8 20
o H S. pubescens
5 S./YVOHII, 144 P

= subsp. Patula,
> 10 — & 104
F. sieboldiana, 4.9
oF ching‘nsis var ¢ S. reticulata, 5.5
0 rhvynchophvlla 3.6
J (et 2 T

Figure 2. Comparison of percentage taxonomic disagreement (PTD) for

specimens re—identified by two laboratories. PTD shows the disagreement

rates between two re—identification results.

The results of Fraxinus

mandshurica and Fraxinus chiisanensis were considerably higher than

other taxa.
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Table 2. Comparisons of re—identification results of Fraxinus showing

counts of agreements. Target taxonomic level is species.

Fraxinus mandshurica, less than half of the specimens(38 specimens)

were agreed.

In case of

Identification 2015 2017 O
agreements

Fraxinus chinenesis var. rhynchopylla 447 471 444
F.sieboldiana - 1 -
F.chiisanensis - 1 -
Other taxon - 1 -

F. sieboldiana 533 564 531
F. chinensis var. rhynchopylla - 14 -
Other taxa - 6 -

F. chiisanensis 39 28 28
F. chinensis var. rhynchopylia 3 24 3

F. mandshurica 8 - -

F. mandshurica 63 29 29
Fraxinus chinenesis var. rhynchopylla 7 30 7
F.sieboldiana 2 2 2
F.chiisanensis - 14 -
Other taxon 1 1 -
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Table 3. Comparisons of re—identification results of Syringa showing

counts of agreements. Target taxonomic level is species.

Identification 2015 2017 No. agreements
Syringa wolfii 98 134 98
S. reticulata 3 3 3
S. pubescens subsp. patula 17 15 15
Other taxon - 1 -
S. reticulata 181 189 181
Syringa wolfii - 5 -
S. pubescens subsp. patula - 7 -
Other taxa - 1 -
S. pubescens subsp. patula 96 86 86
Syringa wolfil - 3 -
S. reticulata 1 5 -
Other taxa - 1 -
24



1.2.3. 337+ AR AL
Wieczorek et al(2004)2> 284S F7FHH Sl /3 (geocode
type)o] 9/NE 1 ARt sl ole wet = vE

Goute&e FUYR AHE gels) Bw, AP EA" o
38

Table 4. Ten categories of geocode type. Type of 'No data’ is added to

Wieczorek's nine categories because there are labels with no spatial data.

No. (%) of specimen

Type Example Fraxinus Syringa

Dubious Myogol (H=) 11(0.9%) 3(0.5%)

Cannot be located Seoul 1 (0.1%) 5(0.8%)

Demonstrably - -

inaccurate

Coordinates Latitude, 559(48.3%) 366 (57%)
Longitude

Named place Mt.Jiri 569(49.1%) 261(40.7%)

Offset - -

Offset along a path - -

Offset in orthogonal - -

directions

Offset at a heading - -

No data * 18(1.6%) 7(1.1%)
TOTAL 1,158 649

* This type is added.
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2000d old #=7F 10.8% 74 &

=
LARRY Afele 7 UIE B 58 FEHES BT

\b}
\b}
i
u
1%
&
o
Ju
fo
of
o2

Su-2 L5 E°] 66.1%=  7F¢ =i Hgo=
FALENE (Ligustrum  ovalifolium  Hassk)7F  52.2%, %9

AV (Ligustrum  quihoui  Carriére) &F  AF3 VY (Ligustrum

lucidum W.T. Aiton)7} ZF 48.2%9} 44.8%, As3 V5 [Ligustrum

leucanthum (S.Moore) P. S. Green] 33.3% 2% ®3+=d tFE9
A VTS (Ligustrum)©] =& B35S HYr, o3

(Chionanthus retusus Lindl. & Paxton)? 2 EZHEL 2.0%AQ7,
wro- = M (Osamanthus — insularis Koidz)E  2.5%, AHAEYH
(Ligustrum foliosum Nakai)+ 2.8% %1, v|XUSF (Abeliophyllum

distichum Nakai) & 2%73°] 3t (Figure 3).
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Misidentification rates(%)

Figure 3. Misidentification rates of family Oleaceae. The rates were

substantially different among species.

71eF BHS AHEW JANSYF (Coryius siboldiana Blume) 9]

REAEO 67.07%2 JFE =g WYY (Cornus  walteri
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tschonoskii (Siebold & Zucc.) Maxim]Z 2574 HSl7] W=z #H
& (bias)o] Ahal B tth(Figure 4). 53 (Aristolochia manshurien—
sis Kom), ZE/FYUS(Glochidion chodoense J.S. Lee & H.T. Im),
SHW VWY (Machilus thunbergii Siebold & Zucc. ex Meisn.), HAF
(Orixa Jjaponica Thunb.), U©WASFUY [Rhaphiolepis indica var.

umbellate (Thunb.)H. Ohashi] &= 2.&74°o] T},
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Figure 4. Misidentification rates of other taxa. The rates were

substantially different among species.
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U 9ZHo] gt AXE 67.1%7A EHEE 4o A/ IA e

t}(Figure 5).
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Misidentification rates(%)

Figure 5. Misidentification rates for all re—identified species (49 species).

The misidentification rates were mostly between 5 and 25%.

& M7 AR ASUHFE(Ostrya) o) 59 EC] 27.1%% 7HS
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Figure 6. Misidentification rates by the number of species in one genus.

The rates became higher with increasing species numbers in one genus.
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Figure 7. Misidentification rates by natural distribution area of species.

The misidentification rates were higher for the species distributed in

Baekdudaegan and limited area.
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oX,
1o
Jdo
ofl
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N

J&4d (accuracy) @F ##HE FHoz 7]

AN
e
e

o]

<

e el deht 2asel 573

o

2
P =A=2 AuE £ 9t}(Stribling et al, 2003; 2008). &
=

ATolM = LEHo] sdF FFT el EAasiATHE o] w2
Aoz el AA eEFe 91.5%7F #E & WY uE
Fow 4" AolloeH (Figure 8) 1.3%v &< I <
e-&d o= (Figure 9) 13 &, &l & A1 Fee] FA o o
2FHoIAL 7.2%E M UE EHToR FAE ASER F=
ot £, dufe] dF FE7E FAe A A o (Figure 10) =72
FAMI o= Qs ehdlo] A A#EE o ded FoE A L{E

1t} (Figure 11).

Table 5. Type and percentage of misidentified specimens.

Within same Within same Between other
. Total
genus Family taxon
1,674 (91.5%) 24 (1.3%) 131 (7.2%) 1,829
33



Figure 8. Corylus sieboldiana Blume var. mandshurica (Maxim.) C.K.
Schneid, misidentified with Coryius sieboldiana Blume.

{ KB

Figure 9. Alnus incana (L.) Medik. subsp. Airsuta, misidentified with
Corylus heterophylla Fisch. ex Trautv.
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Figure 10. Fraxinus sieboldiana Blume misidentified with Acer triflorum

Kom.

Figure 11. Hypericum erectum Thunb., misidentified with Staphylea

bumalda DC. Korean name (local name) of these species are very

A= n)

similar ("2 FYH" and "1 FYUE
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1400
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1000 W others

B Fmandshurica

800

Number of specimens

W F.chiisanensis

600
B Fsieboldiana
400
B F.chinensis var.
200 rhynchophyfia
15.8%
0

F.chinensis var. F.sieboldiana F.chilsanensis F.mandshurica

rhynchophyila

Figure 12. The difference between misidentification rates of more common
and less common species. Strong tendency is shown that collectors

misidentify even more when the species is common and well—known.
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data before 1945
e SNUA
KH
KB

data before 1945

°

misidentification

@ —

geocode error

. . Figure 14. Distribution of Ligustrum japonicum Thunb.
Figure 13. Distribution of Acer caudatum var. ukurunduense

(Trautv.&C.A. Mey.) Rehder.
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. data before 1945

data before 1945
e SNUA
¢« KH
o KB

misidentification

Figure 15. Distribution of Corylus heterophylla Fisch. Ex Trautv. Figure 16. Distribution of Berberis koreana Palib.
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. data before 1945
e SNUA

o KH
e KB

Chungchunanam-do,” Bl
Jeoniu-s
Daegu

Figure 17. Distribution of Acer triflorum Kom.
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Table 6. Taxa were categorized into five groups on the basis of natural

distribution area of the species.

Group Group 1 Group 2 Group 3 Group 4 Group 5
Area Baekdudaegan Southern, western All Limited Other
coast
Species Acer barbinerve Aphananthe aspera  Cornus Abeliophyllum  Acer
A.caudatum var. Cinnamomum controversa distichum triflorum
ukurunduense camphora C walteri Berberis Chionanth
A. komarovif C. yabunikkei Corylus koreana us retusus
A.mandshuricum  Cornus macrophylla heterophylla Corylus
A.tegmentosum Fraxinus Csieboldiana  sieboldiana
Aristolochia sieboldiana var. Fraxinus
manshuriensis Ligustrum mandshurica chiisanensis
Berberis Japonicum Fluggea Glochidion
amurensis L.leucanthum suffruticosa chodoense
Fraxinus L.obtusifolium Fraxinus Ligustrum
mandshurica subsp. chinensis foliosum
Syringa Microphyllum var. Llucidum
pubescens subsp.  Ligustrum quihoui  rhynchophylla  L.ovalifolium
patula Litsea coreana Ligustrum
S. reticulata Litsea japonica obtusifolium
S. wolfii Machilus japonica Staphylea
M.thunbergii bumalda
Orixa japonica Tilia
Osmanthus amurensis
heterophyllus
O. insularis
Ostrya japonica
Rhaphiolepis indica
var. umbellata
Tilia mandshurica
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o] BEIS A3 24F0S Ao R F19S w o =F L 33.1%%T}

(Figure 18).
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Figure 18. Detecting rates of misidentification.
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ZAoz 7@tk (Figure 19).
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Figure 20 . Comparison of percentage difference in enumeration(PDE) &

MQO.
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@ KH after
@ KB after

© KH before
@ KB before

Figure 22. The effect of data cleaning. Before cleaning, Fraxinus
mandshurica Rupr. seems to be distributed in all of Korean peninsula (left)

but the actual distribution area is limited to Beakdudaegan (right).
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Figure 24. The process for data entry of spatial data. Through this process

even non—professional workers can clean spatial and taxonomic errors.
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Table 7. The stages of data management process (Chapman, 2005).

* Data capture and recording at the time of gathering

= Data manipulation prior to digitization

» Identification of the collection and its recording

= Digitization of the data

= Documentation of the data

= Data storage and archiving

= Data presentation and dissemination

= Using the data
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Abstract

Herbarium holds specimens that represent the information of
hundreds years and has been provided valuable information for
biodiversity researches. With advances in information technology,
primary occurrence information has been digitized and become
more important as the source of enormous bioinformatics data. In
Korea, National herbaria have created digitized data in the past 15
years. For this effort to work, limitations such as lack of qualified
taxonomic determination, precise georeferencing of the data and
updated taxonomic treatment should be overcome. This research
tried to (1) assess the current status of plant specimens in National
herbaria (2) infer the cause of errors by analyzing the type of
misidentification (3) suggest the process for detecting and cleaning
misidentified specimens. Data were kindly provided by the Korea
National Arboretum (KH) and the National Institute of Biological
Resources(KB) and transferred to BRAHMS database. 17,517
herbarium records of woody plant families, mainly Oleaceae and
other 10 families were used for analysis. All the specimens were
examined and determined by visiting both herbaria. The rates of
misidentification were various from 0% to 67.07% by taxon and

there was rare association between the rate of misidentification and

94

.-:rxﬁ-! -"';‘-:I- 1'_” '-"‘.l-!_ T'l.



taxon which could decrease the reliability of the data and cause
misunderstanding and misuse of the data. This research tried to
detect errors using database of specimen before 1945 and woody
plants of Korea site (http://florakorea. myspecies.info/en). By using
this reliable distributional information and comparing geocode,
taxonomic errors and spatial errors can be cleaned in advance. In
the aspect of DB management, 30—38% of disagreement was found
when comparing KH DB with specimens in the Herbarium (Fraxinus
and Syringa). The key of database management is that all the
process regarding specimens should be executed through the

database.

Keywords : Herbarium specimen, Herbarium records, Primary
occurrence information, Data quality, Data cleaning, taxonomic

misidentification, detecting errors
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