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Development of Biocomplexity and Inquiry
Based Teaching- Using Europe and America as
Case Studies

Yang Yu-Wen} Yang J en-Lee2

Abstract

This paper tries discussing a series of research schemes, multidisciplinary integra-
tion, and education aspect that refer to the up-to-date research tendency and practical
projects provided from the world. As we enter a new century and millennium, environ-
mental policy makers and educators must come up with new knowledge and artificial
intelligence techniques that address the demands of a constantly evolving society, econo-
my, and milieu. Ensuring that environmental study stays relevant to the needs of the com-
munity in which complex issues involved in biodiversity protection and biocomplexity
research last three decades. These challenges to environmental issues require that we
reexamine the way we do research, train environmental professionals and educators, and
deal with conservation problem as well as the way we announce environmental informa-
tion to the general public and make the most of profit from natural resource and achieve
the goal of sustainable development. The value of inquiry to environment teaching and
learning in K-12 education is supported by a compelling body of research that demon-
strates positiveeffects on student achievement, attitudes, critical thinking, process skills,
problem solving. However, a question emerges: how to draft a suitable research aspect
and multidisciplinary K-12 inquiry teaching package to orientate the tide of international
environment policy currently. Certainly, we must face the related problems of important
environmental task and challenge.

Key words: biocomplexity, biodiversity, sustainable development, inquiry-based
teaching, artificial intelligence
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A Curriculum Study on Climate Smart Food and
Agriculture Education of the Sixth-Graders in
Elementary School

Yu-hwa Tsa, Jui-lin Chen, Chien-Chih Chen

Abstract

The fact global warming caused by climate change that impacts human life and
environment on earth are increasingly alarming. And in what ways we can do to mitigate
and to adapt the living environment are concerned these days.

CSA is the key to resolve these issues. It includes three main objectives: sustainably
increasing agricultural productivity and incomes; adapting and building resilience to
climate change; and reducing or removing CO2. In this study, it aims to design 9
concepts, at the foundation of 3 objectives of CSA, and develop 16 environmental educa-
tion courses of 12-Year Basic Education Curricula toward elementary school students in
sixth grade. “Climate Smart Food and Agriculture Education Curriculum" is being imple
mented to the students to explore the learning effect to these courses.

The research results and recommendations are as follows:

(1) After the implementation of the teaching activities, the learning effect of children's
learning of environmental education knowledge, attitude and behaviors have been
improved.

(2) According to the qualitative data, the children have made significant progress in the
concepts of CSA’s three objectives; also, the students generate interest to the courses.

The study is expected to provide teachers with the idea of designing climate smart
food and agriculture education curriculum.

Keywords: Climate smart agriculture, Food and agriculture education, Outdoor
education
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An Initial Exploration of the Essential Green
Chemistry Literacy for the General Public

Yu-Jie Chang, Yu-Chun Wang, Yu-Kai Lin, Hung-Te Hsu

ABSTRACT

Almost 30 years’ progress on the topic of green chemistry has been made since the
US Environmental Protection Agency proposed green chemistry in 1991. Nowadays,
most chemists are cultivated with green chemistry literacy. However, only the chemists
and chemical engineers knew green chemistry well is not enough to keep the whole world
moving towards sustainable development. Under such conditions, what green chemistry
literacy should be possessed by the general public becomes more and more important.
This research uses the literature analysis method to collect the contents of green chemis-
try described in different fields, and then constructs the framework and indicators of
green chemistry literacy through integration and development. The research method first
explains the 12 principles of green chemistry in general chemistry majors, then discusses
the green chemistry literacy required for non-chemical manufacturing and synthesis
majors. Finally, try to construct the framework and indicators of green chemistry literacy
that the general public should have. The indicator system constructed is divided into three
dimensions: "knowledge", "attitude", and "skills and behaviors". Each dimension has
four sub-levels of " holistic", "prevention", "sustainability" and "assurance". In terms of
dimensions, a total of 26 indicators have been established. The framework of this indica-
tor system covers the concept of the 12 principles of green chemistry, which is suitable
for the general public to understand. It is expected that after proper investigation and
empirical research in the future, it will help to develop promotion resources and gover-
nance references suitable for a wider range of targets.

Keywords: Green Chemistry Literacy; The Principles of Green Chemistry;
Sustainable Chemistry, Environmental Education
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= AIS

PREEEREY)ZEME: (biodiversity)
Zefak 0 B 1992 FHEBIIBGLIEIR
B RGN EZEZ LSRRI AL
(Convention on Biological Diversity,
CBD)ic5 % 31 4 > k&8 CBD
Z IR BRGNS IRE EEE 193 23K
HRAZ MRS RIAT AR S
ARG i RS T B2
B H I & BAC H 40 B RE R N TR

FOKGEERIE ) R 0 RISEEE R NHELER
oK E 2 HIEES ) - L AR AT
R EET - TiERZee ) BT EE
ROUBEAfER: - TR BRI EISS T
Z B 2019 5 CBD 4R fE
& “Our biodiversity, our food, our health”
R AV SRR R - (2F
Z [l

AR BEHMEREAREE
(REZ GG BB EEAEY)
SEEME AR T EHEEI A M
Z IR ~ KEM AR A PR EH
HYZ (B (A SR TR | R Hy
BIMESERGETZEARMR § Bt TR
EREES, B T Eed e FEE
O ETEER AR ~ K Y
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= bl S AR AT I - #REILA R
) FESRESEIEES - R RSOHZ -
FPALEIEATE - PHRSCHIRSOR - KIE
BEGEEILALOME - R RRIEZ
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V) o SRR Ry PO L — L - - H
AR R - WAEIRE— 1)
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DFETEALEE - FEALUR HA S HEEY) -
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LM A/ K AR 2 B R A

(DEMEIRAE

EVE RS E T AR EMS
AR E T = ARETEE T 2
BN o YRR S/ N AL
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- A AR - BIRAE - R EEREE
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TSR (EESHILL 75 % BTk 2
PRAFAEA o SHE R IR FT#iE R
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HE
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Bt

(=)Bsg/ BN FLENY) ~ Bk
ﬁ%‘mﬁﬁ\ﬁiﬁ*
EIRENENY) LU ENBE ES

FIEN LUK ARREEN Y © ST TR
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RETEREH AR
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Sealrt ~ B ECH ~ fr Bl BEREAFH
A~ PRGN > 51 LIREREEY

f% -

FIsENY) ~ TE&ddE ~ ~ FAESE ~ THRIR

® 2 HEHE

ARl SRR 2

A WEF & WEAERA FRWMERR EXFEEHR
oAl F HE SRR A BRI F e pki4er 2 ® (DTaBIF 442
W EES LN N IE N R s EET R T
KEZBE 280 £
Sk B HEE = http://www.taibif.or
ﬁ%%ﬁéﬂﬁﬁﬁ g. tw/ e
A2 K E (2) 17 Fef P E 3%
O BT e 2019 # 1 ' 09
R FRERF AR pREAIRP PRI ETHENS
LB g N ] Wz B b 245
FHEw BRERE
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A R ERE -
EEREE -
N e R - I (1)TaiBIF 4 4 # 4
LR AT BN RIE O AnE 4o d B ST T
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LFeRd BN d Y il b E
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A WEF & WEAERH BRRERR FXFEFTH

FBRERL) A ()TaiBIF 4 %4
FH A iTae @ puEAed BH S IEETRC
A HESEE RIXREZBEZ i g
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M WEF % WEAERH BERFEFE ERFHEH
G 1k s 4 FRHF A e (3) #p B a3 12
B EiTw BN RlE O p A E AT R iﬁﬂi%‘?—*‘ KRR
KEZBE VR H e Yot A gep Y
E R e SREE o B HEE = 4+ (Taiwan
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v e % o £ (Staphyliniformia
sl ok B ME from Taiwan) %
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FIEE G T0%FpE M
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s WEF & WEFERHA BRAERFR EX3E TR
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REEHHE S

B+ —H

2019 AFEFHEA—H - HE
B (RTH) BEpUEEgh Gori) my{ElEEmy
EVZAEETRE TAEHEEE R > +
AR TERR 40 5% S A B ) 3
5T 29 B} 41 7 136 &K 5 lEqhHmHE—
S 25 B} 38 fll 64 2~ Bl 5%
& 17 B} 21 7 43 &1 - FrE=5%%
& 22 £} 30 ff 68 &R - HEL = (HFE
GET 38 R 73 fE 175 ) - +HHIE

S TR DI H AV HEERE  (Heleo-
myzidae) #E5H 5 T - + H{pHVHHEER
HUR » BV R s AR & Ry i e —
5% (S1) FEEE > Shannon ZAEMEFEEL
3.4557 » ALV AR MR RAR I Ry B —
5% (S2) #£1& > Shannon ZEEM:F5HT 2.69
(FR3) « BRI AR 5 HE > DA
B — 5 BT 55 (S1/ S2) Wik I&
HY AP O M i s AHE
(similarity) % 28.398 » F (& il =
SRERPRTHM R & (S3 / K) » HHE 14.12
(F4-E1-

3 2019 4 10 A2 R i
o fa e BB FEYRE 4R Shannon % 4t A& 4p i
EIEERE S
®% S N d J H'(loge) 1-Lambda'

S1 36 55 8.734 0.96432 3.4557 0.98182
S2 20 42 5.0834 0.89793 2.69 0.92567
S3 30 68 6.8728 0.89022 3.0278 0.94425
K 38 133 7.5659 0.75107 2.7321 0.86124

ffaE = S1: FTEl— + S2: i — ¢ S3: Fr#l= : K: RIH -



M A/ R AR 2 B R A

X4 2019 4 10 AR HEDIEEER

# % S1 S2 S3 K
S1 -
S2 28.398 -
S3 18.957 14.496 -
K 21.435 17.794 14.12 -

fREE = S1: HT8Ll— + S2: B — ¢ S3: fHl= : K: RIH -

1 2019 5 10 A &5 E LD HAERFRAR R R 04T -

hcalla Y

et

BRERAEES © S1: Bréll— + S2: Fril —

P S3: FrEL= ¢ K BRTE o

T HO Em AR FR LS SR = E G 50 B 105 &
TR EIYIHET 55 B 100 f& 419 &2 261 &R - +—H{pAESEEE LI
L IR LSk 24 B 331 65 $HHAYH R} (Heleomyzidae) ~ iR}
ER -~ FrEL AR 31 B 40 fE 65 & (Piophilidae) WA DU -5l H AYFEIERY
R B =Sk 35 B 57/ 127 22X (Cicadellidae) 5 » +—H{pHVHEE
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BRAFESH B

E o A2 M e AR T Ko B = 5%
(S3) #1& > Shannon ZAEMEFSEL 3.6436
BRI REEE AR K)
Shannon 2§ 1FESL 3.2087 (55) « BfE

FE AR St 5 T > DT B — SR BT
BFL=5% (S1/ S3) Witk RIny AR 4H
AR S - ARV (similarity) 72
29.846 > (KT Ryt L —5R B ER THWIER
W& (S1/K) » AH{EUE 11.066 (£ 6 ~ & 2)

5 2019 4 11 Ay AVt R oA

ik B FRER 3 K  Shannon  BH ERipdkc
e fhd #c
% S N d J H'(loge) 1-Lambda'

S1 33 65 7.6658 0.93334  3.2634 0.96683

S2 41 68 9.4798 0.93823 3.4842 0.97366

S3 57 125 11.598 0.9012 3.6436 0.96697

K 100 415 16.423 0.69675  3.2087 0.86945
fRiat + S1: il — + S2: BBl — : S3: r#l= : K: #RIH °
R 6 2019 F 11 AU EERMHLIERER DT

% S1 S2 K

S1 -

S2 25.339 -

S3 29.846 24.435

K 11.066 19.525 20.896 -

it « S1: rii— : S2: il —  S3: Frill = ¢ K: $RIH -
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LM A/ K AR 2 B R A

Ezmeuﬂ%%ﬁEi%%ﬁﬁﬁ%ﬁMEﬁ%ﬁﬁ?

P Ko RIH o

fifiaE  S1: FBl— : S2: Fril— ; S3: Frim =

2020 — H A TV P R TEAR [ A
AR EBIYIHLE 47 B 64 FE 1118
s pIEE AR T B —HRAR IR 30 Bt 45 fd#
215 €0 ~ FrE THRARE 16 Bl 20 f# 28
ER -~ FrE AR 14 Bl 20 fE 55 &
o FTHE =R EET 48 B 9918 407 &
R o —HpHESEEE LR AN SR
MY REE - —HAf%
HEFREE R » VS BRI R SRR &y

(Entomobryidae)

73

RIE (K) EX[E& > Shannon ZAR4FEEK
3.9744 > W) 1R B AR [ Ay L =
(S3) > ShannonZ fXEFEEL 2.479 (387)
o BRI AR T H > LU —
BHTHH — (S1 / S3)AK & M AP RER:
tEHRCFR I B s » FHILUEE (similarity) 32

(S3 / K) » MU 7.2236 (328 ~ [&E] 3) °



REEHHE S

R 7 2020 F 1 AR AYIZ AR BLEER AT

Bt

~ FE i FHE FRER $3 K Shannon  BF Rz
S HRitdn
% S N d J H'(loge)  1-Lambda'

S1 45 215 8.1927 0.68606 2.6116 0.84855

S2 20 28 5.7019 0.95027 2.8468 0.96296

S3 20 55 4.7413 0.82749 2.479 0.88956

K 64 111 13.377 0.95564 3.9744 0.98624
fREE © S1: HT8L— + S2: i — « S3: FrHl= : K: A -
7% 8 2020 F 1 A BER MR 0 i

*® W S1 S2 S3 K

S1 -

S2 32.442 --

S3 41.903 26.818 --

K 11.481 12.613 7.2236 --
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LM A/ K AR 2 B R A

3 202051 A 3 AR E AV 2 R RAR U R 24

fREE = S1: HTHLl— + S2: B — ¢ S3: ffrHll =+ K: RIH

RO e AR TR S 40 55 5 T
Erlaaghy)at 35 B 50 18 255 &2 &
MRS A B — 5k & 16 B 22 1 53 &
R~ T TR 28 B 48 FE 135 &2

~HTEL = SREEIE 17 R 27 fE 109 &2
Wl =gl et 44 B 94 18 315 & -
“ Ry 89 1E S TE £ 2 DLR K R
~ Bl (Drosophili-
dae) + EEMEF}  (Phoridae) BN - BEFY
(Formicidae) MIZIEFRIE - KAk
#} (Entomobryidae) #Jf& ~ #7i H (Sar-
coptiformes) ¥t &+ - " H YA
B AV SRR SRR KA

(Sphaeroceridae)

75

(K) £l > ShannonZiEMEfE%L 3.0337
ARV SRR R R & Ry L= (S3)
Shannon 2t M 1.9621 (38 9) - Bf
AR 5T > DU L — Bl
Bl = (S1/S3) MtEl& VA YRR AH
TR e - AR 2
29.167 » (K Ry B TH R [
(S2/K) » HIDIEE 1.9455 (32 10 ~ @ 4) -

(similarity)



BRAFESH B

RO 2020 F 2 AAEYIZ RIEEEER O

g BHE FRAYR PIR Shannon S AVERE S
7 Rt dp e
®% S N d J H'(loge) 1-Lambda'
S1 22 53 5.2893 0.8682 2.6836 0.92163
S2 48 135 9.5815 0.76751 29712 0.90249
S3 27 109 5.5421 0.59532  1.9621 0.68892
K 50 257 8.8303 0.77548  3.0337 0.92479

fifiaE : SI: FrBl— ¢ S2: HFritl — : S3: FriH = : K: #RH o
32 10 2020 F 2 AR AR 1

% S1 S2 S3 K
S1 -

S2 3.3683 -

S3 29.167 5.1512 -

K 2.665 1.9455 3.2521 -

fREE « S1: Frii— ; S2: Frll— 5 S3: = K: HRIH -
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LM A/ K AR 2 B R A

4 20202 H ﬁi‘%ffilﬁi*%%T%‘I‘élzﬁ%ﬁffﬁfﬁ}’i*ﬁm/ M ©

fiiat + S1: Fr#il— = S2: Bl —
= R S AR ER TARE I 40 5% 25 A
BREE T 48 Rl 75 1 355 & 0 &
IEE R E i B — 5 52 1 24 7 38 7 108 &
R~ i SRR 23 B 28 f# 52 X
~ B = SRR 27 B 39 FdE 131 &2
Pl —FEE ST 71 R 126 18 646 X
o = AW ESAME T LIE IR (My-
FHERF (Phoridae)fiffH
iz} (Staphylinidae) ~ FApkaaft
(Entomobryidae) #fElL v H (Sar-
coptiformes) PJfE 5+ o = H{nHVEHE
Bkl VSRR SR Rk TH
(K) E£I& » Shannon 2 1E$58 3.398 »
SV SRR R R & Bl = (S3)
Shannon Z&tEMEfEHE 2.901 (F 11) - Ef

cetophilidae) ~

77

S3: #rHll = : K: $RJH ©

AR ot 5 > DU L — L
Bl = (S2/S3) WA EIHY A YR AR 4 AR
GENPRES = =[PV =3
31.69399 » i {BE i i B TH A
& (S2/K) » FHPLE 13.26781 (F 12
5) e

(similarity)



REEHHE S

B +—H

73 11 2020 ©F 3 A EYS DT

ik BHE  PEEAR 3K Shannon [ AVEEE S
7 thitdp e
#w® S N d J H'(loge) I-Lambda’
S1 37 109 7.674 0.8619 3.112 0.9416
S2 28 52 6.833 0.8896 2.964 0.9412
S3 39 131 7.795 0.7919 2.901 0.9076
K 75 355 12.6 0.7869 3.398 0.9407
e - S1: HTH— = S2: B ¢ S3: HEL= ¢ K: RIH °
7 12 2020 5 3 A FERAHERE R AT
S1 S2 S3

S1

S2 28.57143

S3 23.33333 31.69399

K 15.08621 13.26781 15.63786

fRaE = S1: i — -

S2: FHH— 5 S3: HrE=

K: ¥RIH -
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LM A/ K AR 2 B R A

Eﬂl;‘ FEETEGY L [ - WL,
X R % A
20 |
]
4
§
il
Ril+
¢ -
' « 5 g g
Samjies
5 20205 3 H 00 & ik AV 2 R VERF R AR U R AT

VU H oy fE e m b IR TR R AT ik 5
BREEPISEET 34 B 54 1 115 &R0 &

PEFEEL 2.062 (3% 13) o BEEARDIEREE
SR & otfJsm > DUl —ELgr sl = (S1/ S3)

ligAEPF T B —si ik b 34 A 517 133 & AR R AR VIRE R A AR M A =
P B TSRRE 10 B 10 7 24 €20 ARLUE (similarity) 2 30.76923 > (K
CETEL SRR 28 B 42 M 153 A Rl BT EL AL (S1/S2)
HrEl =R G5 66 R 123 & 425 €220 AH{LAE 10.19108 (3% 14 ~ [& 6) -
° VU B (RS E S LURK IR ~ 5
SR~ FEWERE - KRR > DU RAPkER

MR E - WA MRS EER > £Y)

ZhetEmE Rk ikl (K) B

Shannon ZEEMEFEH 3.5 - EVIZHNE
A EARLE Ry (S2) > Shannon 13
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BRAFESH B

72 13 2020 & 4 AEMZ LT

TR TT T SECED S
b e
®% S N d J H'(loge) 1-Lambda’
S1 50 133 10.02 0.8727 3.414 0.9534
S2 10 24 2.832 0.8957 2.062 0.8841
S3 42 153 8.15 0.8124 3.037 0.9278
K 54 115 11.17 0.8774 3.5 0.9515
fiEE ¢+ S1: FTHl— 5 S2: FrHH T 5 S3: = 5 K: #RTH o
14 2020 F 4 A EERAR IR AT
S1 S2 S3 K
S1
S2 10.19108
S3 30.76923 11.29944
K 29.03226 18.70504 19.40299

fiat + S1: Bl — :

S2: #THH T ¢ S3: FrEl= ¢ Ko #RIH o
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LM A/ K AR 2 B R A

Group sverage
Fiesambiance 517 eray ooy pviarey |
i
20+
2
8
E
o 'E'G'-
804
1004
o ¥ 5 g
Sampies

6 20205 47 1 AR E A2 BRI RER AU SR 2 -

ffEE © S1: FTELl— + S2: B — ¢ S3: FrHl= : K: RIH

I A SR AR TR B AT gk 5 TR
BEEYIIEET 97 F 272 1 930 &K
SEIGE AR T B — S5 ik 58 7 105 fi 321
ER - FrE TR 11 B 15 fE 21 &
R~ L =ERAER 25 4 35 i 106 X

W =B R 120 B 356 fE 1378
CR o TLHOTHIESSTE £ B DL TR, -
IR~ TFARMERT - ddR) ~ NEERRRL -
EEETRE - IEEER -~ Fllaatt - Plak
P~ eftaft s - DURABERY)
MRAE - LAMHREER » B2
MEf =R R Ry TH (K) BClE > Shan-
non SHEMVEFEEL 4.984 © VISR
(BB Ry 8 — (S3) - Shannon 25
1% 2.155 (5% 15) - BERARIUERR Y

81

M7 > DU E—BLETH (S1/K) Wik
G AR R BRI E RS - AE
F& (similarity) % 15.02798 > f2 (K% Bk
THER TS — A& (K / S2) » AHDUE
1.68244 (£ 16 ~ & 7) -



BRAFESH B

72 15 2020 & 5 AEMZ K IE T

Shannon [ A0-ErE

P fadk BB FRER PIR
SR tdn
% S N d J H'(loge) 1-Lambda’

S1 104 321 17.85 0.8281 3.846 0.9537
S2 15 21 4.598 0.9444  2.558 0.9524
S3 35 106 7.291 0.6063  2.155 0.6783
K 272 930 39.65 0.8891 4.984 0.9882
friat : S1: FrHil— : S2: Fr#l— : S3: Frél= : K: HIH o

16 2020 F 5 A EERHOIEER DT

S1 S2 S3 K

S1

S2 4.678363

S3 8.899297 11.02362

K 15.02798 1.68244 5.405405

fifiat : S1: Fritl— : S2: i —

82

P S3: FTHL= s K BRTH ©



Group average

LM A/ K AR 2 B R A

Beiistias 577 Sap-Carin it

Sirmil ity
=

b

=

b X

N R [ R 40 5 & A
ERENPIHET 49 4 85 1 209 &2 ¢ i
SRHr skl 46 4 89 fil 261 €27
FrEL A O R 11 fE 18 &K - S
A 22 B} 33 & 79 & =
fREEGET 78 B 178 fl 567 &2 - /X
(A ESSTE £ DR ~ TIBHER ~ F
gait ~ pAtER - RARSESMYIER
£ - AHAEEER > AVS R
IR Ry JE (K) £l > Shannon %
BEMEAEEL 3.788 » AW RE M (RAR &

o
o

Samples
7 2020 5 A3 AR E ALY BRVERERAR DL R 0 AT -

fiaE © S1: HTHLl— + S2: Fr#l— ¢ S3: il = : K: RIA -

83

Fyfr#— (S2) > Shannon ZZERMEFREL
2.091 (3= 17) « BEEAMIMIERE M 5
[ > U —BLPRTH (S1 / K) Mt fE
H AR R R H AR DM e - AU
(similarity) #£ 12.82051 » {3 Ry Bl
=BT R (S3 / S2) 0 tHEUE
2.061856 (3= 18 ~ [E 8) °



REEHHE S

B +—H

% 17 2020 4 6 At orth

pialc B s oy g Shamon  BE Rk
e fd 4
% S N d J H'(loge) 1-Lambda'
S1 89 262 15.8 0.8348  3.747 0.9505
S2 10 18 3.114 0.9082  2.091 0.902
S3 33 79 7.324 0.8517 2.978 0.9159
K 83 206 15.39 0.8573  3.788 0.9576
fRiat = S1: Frill— : S2: B8l — : S3: Frél= : K: JIH o
7 18 2020 4F 6 H{n AR 4
S1 S2 S3 K
S1
S2 7.142857
S3 12.31672 2.061856
K 12.82051 2.678571 10.52632

fifidd : S1: Fri— ; S2: il —

S3: FrEH=: K: ¥RTH °
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LM A/ K AR 2 B R A

Group average
X Faembiance 51T Era-Curts miat)
24
40
£
E
g
i &
B0
100
0 7 7 <
Samples

8 202046 710 Sk A2 BRI RFE AR DB AR AT -

et - Sl:

T A g P THEE 40 5% 25 R
EENYHEET 58 B 98 Fd 232 &K 5 il
P E—SRERE 11 B} 15 fH 25 & -
B T HRERE 10 B 11 fE 32 &2
B = SRR 25 o 44 Fd 88 &0 - i
—EEEEE 73 Rl 141 fE 377 X - &
A HESAE 2 DR - Blaaft -~ &
ApkeafHE AT - EHOIFEEER

VSRR SR Bk [H (K) B
[& > ShannonZ £ MEFEE) 4.134 > £¥)%
PR AR S8 — (S2) » Shannon

FrEL— : S2: FTHL T ¢ S3: FTHH = Ko ERTH ©

ZREVETEEL 1.833 (3= 19) - BERAHLIME
R T » DR B = (S2
/[ S3) WAEIEEHY AV R R AHAH DU
s 0 AU (similarity) 2 20.16807 »

A R Ry Bl — B JHR 5 & (ST / K)
» MHELE 7.003891 (F= 20 ~ [E] 9) »



BRAFESH B

7219 2020 5 7 A2 5 E 0T

Pl BME pwa s g Shamon  BERpE
SRt dn
#% S N d J H'(loge) 1-Lambda'
S1 14 25 4.039 0.9438 2.491 0.9433
S2 11 32 2.885 0.7646 1.833 0.7661
S3 43 87 9.405 0.9061 3.408 0.9602
K 97 232 17.63 0.9036 4.134 0.9776
fHEE + S1: #Hl— 5 S2: FHH — 5 S3: i = : K: 3KIH -
7 20 2020 F 7 A EERAHERER 24
S1 S2 S3 K
S1
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221 2020 5 8 AAEMZ HMED

Pl BME pa¥a s p Shmon  BEARE
R dn
% S N d J H'(loge) 1-Lambda'
S1 24 52 5.821 09172 20915 0.951
S2 26 36 6.976 0.9536 3.107 0.973
S3 43 186 8.037 0.7599 2.858 0.9067
K 146 335 24.94 09177 4.573 0.9862
faE  S1: Frl— 5 S2: FrEl— : S3: Frfl= s K: HIH o
7 22 2020 F 8 A HER M BNEET 27
S1 S2 S3 K
S1
S2 31.81818
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FE RWE pgEa pga Stamon  REALE
FEERE 2
#% S N d J H'(loge) 1-Lambda'
S1 226 902 33.07 0.8637 4.682 0.9837
S2 78 183 14.78 0.9013 3.927 0.9741
s3 249 1107 35.38 0.8278 4.567 0.9787
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24 2020 T HIRE R AR AR AT
S1 S2 S3 K
S1
S2 22.1198156682028
S3 32.6530612244898  18.9147286821705
K 25.8823529411765  8.54700854700855 24.5238095238095
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Biological Diversity Survey of Millet Fields in
Taitung, Taiwan

CHENG-TE HUANG{ TING-YANG CHIEN?

Abstract

This study offers an overview of biodiversity survey in three millet fields in Sinxing
Village, Jinfeng Township, Taitung County, and one millet field in Kanding Village,
Haiduan Township, Taitung County. This study included two pretests in 2019 and
monthly monitoring from January to August in 2020, focusing on terrestrial small mam-
mals, arthropods, reptiles, amphibians, soil annelids, and mollusk species. The results
documented a total of 199 families, 385 species, and 5275 individuals of both vertebrate
and invertebrate animals inhabiting the millet field habitats. This highlights the immense
diversity and abundance of small animals coexisting in millet fields. The findings also
underscore the significant contribution of indigenous communities in Satoyama regions,
practicing traditional agriculture and farming methods, to the ecology and biodiversity of
agriculture. Further in-depth exploration and long-term monitoring are warranted to
better understand and study this relationship.

Key words: millet field, biological diversity, indigenous traditional agriculture
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bosa) ; K2R} © fHEERE (Pothos chin-
ensis) ~ 2 (Alocasia  odora) ; KEY
B} ¢ [ (Macaranga tanarius) ; =%
B} : J@EHE(Hiptage benghalensis) ;
R} i (Callerya
FifRl © AR (Pisonia umbellifera) 5 &
B} © &Lf(Machilus thunbergii) 5 [LIFHF}
: faR(Crateva formosensis) ; TIF} :
VL (Heptapleurum  heptaphyllum) ; &
Bl © Hbk(Alpinia zerumbet) ;5 fiifsiF}
FEAili(Diospyros philippensis) ; 43Pk}
D Sk (Hypericum  formosanum)
L BRI - JRURR(Piper  kadsura)  FAfE

B} @ ZE5E(Calamus  formosanus) ;

canthus

A A

reticulata) ; ‘2

B e

VEELRL ¢ ZEFR I (Paederia  foetida)
R} © =& K (Bletilla  formosana) ;
B} o HARWZS (Camellia  japonica) ;
iRl © FEENf (Boehmeria nivea tenacis-

sima) 5 BEER} 1 INBEEE (Drosera

o =R
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spatulata) ; HFEERL @ B[R (Flagel-
indica) ; BE3IRE} @ B4R (Justicia
procumbens  procumbens) ; & EHE -
=IEFE(Turpinia ternata) ; &R}
: FAC St (Cayratia
FtEACRL @ A5ME R (Dianella ensifolia) ;
FEMZFARY © =B (5 (Liodendron
formosanum) ; SARF} 1 FARFE (Sedum
formosanum) ; HIEFL 1 TN (Centel-

la asiatica) ; B3R} © K REE (Persicar-

laria

corniculata) ;

ia chinensis) ; ff} © fJlHii(Solanum

RIS Z IR 2250 AT

capsicoides) ; FgYLMEIF} © BEYEAGl (Pan-
danus odorifer) ; &R} © Bl (Aegine-
tia indica) ; K REFGE(Cocculus
orbiculatus) ~ T4 (Stephania japonica
Jjaponica) ; ENFEFR} + FE ANFE(Canna
indica) ; HAEACR © Z2EILTE(C(Maesa
perlaria formosana) ~ T (Ardisia
sieboldii)%s o DL FHEWVIHN 344 fe B4
W iE =2 8 Y % 4 Uk P a0 #
(HEETT ~

(https://taibnet.sinica.edu.tw)
AR - 2022/6)
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REEHHE S

B+ —H

2. BT BB EM (lakeside
open grassland )

HED EAES R REFERE
GBI B AR - DU e - By
Vg HHER R EAVESE - AR EA
Sl 0 5OHR R B8 L A B B M AU AR -
TR B E WSS EY) - £EATA
IR BRER R (Eupatorium  luchuense)
~ YR (Emilia sonchifolia javanica) ~
$E{FE (Lactuca indica) ~ =455%(Young
Jjaponica - japonica) ~ SEACIZH 5 (Wede-
lia biflora biflora) ~ KAGEE & (Bidens
pilosa radiata) ~ JTJ{E 5 (Ixeridium laevi-
gatum) ; SR} 1 A (Alysicarpus
triflo-
rum) ~ BT (NEFEE) (Lepidium
virginicum) ~ =241 (Vigna luteola) ~
H%% & (Canavalia lineata) ~ VB 5.
(Vigna marina) ~ E[JJS 5 RAKE (Melilotus
indicus) ; 'BRL ¢ JE#EHSE(Clinopodium
chinense) ~ JEigZE(Vitex rotundifolia) ;
HER  HERE A G E S (Lili-
um longiflorum) ; HUER} @ BB
(Angelica hirsutiflora) ~ 8 /NFE (Centella

vaginalis) ~ WEEE 5% (Desmodium

e

asiatica) ~ 7Kf3%(Oenanthe javanica) ;
RAF}  ZEET(Arundo  formosana)
~ FLEICE (Miscanthus  floridulus) 5 Hfif}

: il (Solanum capsicoides) ~ FEZ
(Solanum nigrum) ; ¥EER} © 52 (Livis-
tona chinensis subglobosa) ~ Z/EHE
(Phoenix  hanceana) ; WHFEFR] @ &1L
WEAE 5L (Oxalis
Hi(Oxalis corymbosa) ; FEHfF} © Z240
f&f(Pandanus  odorifer) ; FTHEE} @ 75
B8 (Cerbera manghas) ; F{ECE} © A5
FETE (Dianella ensifolia) ; fimrfd @ XER
B (Crinum asiaticum) ; =R © 5520
(Boehmeria nivea tenacissima) ; Y&
LR} EMREE (Clerodendrum  inerme) ;
BARR  AREE (Sedum  formosanum)
HEICR} © JEHEE (Lysimachia mauritia-
na) ; BRI Abk(Alpinia zerumbet) ; %]
‘=R B i (deginetia  indica) 5 IEEF}
D BT (Mariscus  sumatrensis) 5 Z AL

corniculata) ~ LA CHEAE

B} o B ¥R (Ipomoea  pes-caprae brasil-
iensis) ; B4R} ¢ B3R (Justicia procum-
bens procumbens) ; Z2F} © ZEfi (Rumex
Jjaponica) ; AFTHL 1 JAMEH (Sagina
japonica) ; [FF}F @ RIFE (Cocculus
orbiculatus) ; BT} @ 5
taccada) ; VEEF} @ JREE
(Leptopetalum coreanum) ; ELRATER] :
BLHI[ . (Plantago asiatica) ; FEHIER}
WSt (7L (Phyla nodiflora) § F&E4

(Scaevola
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B BEEEE (Portulaca pilosa pilosa)
s BR BT H4L(Gomphrena celosioi-
des) s BEF} : BF(Iris domestica)Z% -

RIS Z IR 2250 AT

DL EAEYIR S04 S BB Ak iE 2 E )i
S 5% 44k B 5 & (https://taibnet.sini-
ca.edu.tw) (FHETT - EJEE - 2022/6) -

[&]3. SR 0 i R R e BRI R

3. 4015 3E-BAK (broadleaf forest
trail )

It Rs40 S8 - AE4. Fros
RELI1L,4000 R« J8H260MEL T &2
Ry AR > DLEZEEM - FHIAER
IR BE - RslEIE P RS B AT
2R o BN - (SRR o A
W EIEA 1706058 - HEGHEZT]
1,605F% iz £y % ZF FRAR AU 4L BE - 20 1 W
(B e B TS EE BME A BUR R R —
JBE - LRI A AR AR S A A o A

23508 f2 1,0000& i i A — ER e it
IR - HAE AR H 100248 2% HH &5
#ASBESHES - REHHE - BiL
B R ESEIRE - HAtb 228
IEEMmA SRV EZ R - HPE
WHEBEIELZ  ERICNEE B
ARV o P I AR 1,5000%
o1 VLGNSR
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Ko E e 40 L = #2055 1
V) EEHFARAR} D FEVT(Phyllostachys
makinoi) ~ Z}EET(Arundo formosana)
- KEEEY B E (Setaria palmifolia) ~ FHEf
T (Miscanthus  floridulus) ; 5} @ =48
Sz (Young japonica japonica) ~ KACJEE
¥ (Bidens pilosa radiata) ~ =% 1%
(Farfugium japonicum formosanum) ~ —
175 (Cyanthillium cinereum cinereum) ~
EESCENH 4G (Wedelia biflora biflora) ~ J]
laevigatum) 5 HENTHEFY
DS K(Cynanchum  formosanum)
~ SEJEZERE (Marsdenia tinctoria) ~ B
i (Hoya carnosa) ~ AFE%& 1 (Trachelo-

G (Ixeridium

e

asiaticum) ; TR} ¢ KEH
(Wendlandia  formosana) ~ [E|EEZEFE 15
(Lasianthus  wallichii) ~ JLE[I/R(Psycho-

spermum

e

tria rubra) ~ Bi{G=:(Geophila herbacea)
y =R} BN (Ficus septica) ~ /NEEZ
(Morus australis) ~ 7K[E|R (Ficus fistulo-

sa) ~ IEFENE (Ficus ampelas) ~ KAIIER
(Ficus formosana) ~ B:z4(Ficus pumila)
; iRl BZEEE (Zanthoxylum  ailan-
thoidesilanthoides) ~ B | (Zanthoxy-
lum nitidum) ~ B{Ff5f (Tetradium glabri-
folium) ~ [1JX|EE (Melicope semecarpifo-
lia) ~ [R=HE&(Melicope triphylla) ; &

YRR} ¢ EBYPE (Pandanus  odorifer) ~
LIEBSR (LIRS ) (Freycinetia  formosana)
P BEAREERL - =ACERSE R (Oxalis
corniculata) ~ *SLAENFTEL (Oxalis corym-
bosa) ; B iEl ¢ ZEEFE|(Turpinia
ternata) ; %58 FINEAAFE (B PR
L5 )(lex maximowicziana) ; HEACFRL
D EE U IHEE(Maesa perlaria formosa-
na) ; S8} 1 (IS (Pueraria montana) ;
HATHRE} @ BRE: (Tylophora  ovata) ~ %
BACH © BT (Ardisia  sieboldii) > JEN
ZRAR : 2B ER=EY (Liodendron
formosanum) ; KELF} ¢ [l (Macaran-
ga tanarius) ; EFR} © AMk(Alpinia
zerumbet) ; HEFER} @ B[R (Flagel-
indica) 5 Fiikt © fllHti(Solanum
capsicoides) ; FHER} © g I\ (Diplocy-
palmatus) 5 SAEL @ B (Genus
Piper) ; BRI} © BRI Itea oldhamii) ;
PEIRL © $5F (Smilax china) © =ERF} -
B2 (Boehmeria nivea tenacissima) ;
K ER - th%E (Alocasia odora) ; &
TR - §HEESREE (Callicarpa
luxurians) ~ H{EE.(Leucas chinensis) ;

MEFnEfl @ WBERE (Commelina commu-

laria

clos

Jjaponica

nis) 5 FEMERL @ (UiE(Arenga  engleri) ;
KEER} @ Biofa(Magnolia  compressa
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BIEIAH R 22 20 AT

compressa) ; THFR} © AR (Crateva  (Sedum formosanum)=§ - DL FAEY)HY
formosensis) ; TUIIFL @ TTH (Heptapleu- 34 KRR /8 VI SR 49050
rum  heptaphyllum) ; 25} @ SKpeRFEe & (https:/taibnet.sinica.edu.tw) ( FH[EH 75
(Persicaria chinensis) ; S K5} © AR ~ BREERE - 2022/6) o
. > i
- b (L
e

re

4. BT ERRR USRI

[

W

4. 40175 LITE-B&4% (401 highland WEEE360E 5= - EREEH AN TSR
ridge) : FRREINTXITA R - [t o] e /2 e 1 K
BRI Ry E By AN S PR 0 LY 20056E11 HSHA —E HAE BRI
40 1S B ATILTH( X AB40 =it ) - FHAERVERACH: - HREOL LA
25 bR EE398m » i E—/  401Eh AT -
HITRAEE S > H£5401mE > AL
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B+ —H

KT A 40 I TEME 4R - T 52
YA =R © /NEESZ(Morus australis) ~
JEFREES (Ficus  ampelas) 3 RAF, © 11
Bic" (Miscanthus  floridulus) ~ ¥FEESqE
i (Setaria palmifolia) ; Z=FFR} © EEHEH]
(Zanthoxylum nitidum) ~ 1R =HE& (Meli-
triphylla) 5 58} @ RACEEE
radiata) ~ SEACIZIH
(Wedelia biflora biflora) ~ Z &% (Far-

cope
(Bidens pilosa
fugium japonicum formosanum) ; 7G55}
[ BEEEHE PR (Lasianthus wallichii) ~ 11]
=g (Gardenia  jasminoides) ~ /K& 58
(Wendlandia formosana) ; #EVTHERL @ £8
i (Hoya carnosa) ~ AFE%& 1 (Trachelo-
asiaticum) ; KRl © B.0vA
(Magnolia compressa compressa) ; 55\
Rl ¢ ZEEE T (Meliosma  rigida) 7 KEY
F} 2 kSR (Mallotus  philippensis) ~ [T

spermum

Ndl(Macaranga tanarius) ; FEREFERE @
FtgE(Rhododendron  oldhamii) ; 35
TERL © KNG (Myrsine  seguinii) ~ 2%
LLIEEFE (Maesa perlaria) ; FR} 1 B

(Elaeocarpus japonicus Siebold) ; F5%1

fRE I EE TR (LML) (Freycinetia
formosana) ; BIZFL @ BAfEERER (Calli-
carpa japonica luxurians) ; R} Ak
(Alpinia zerumbet) ; FAIF} @ JTH: (Hep-
tapleurum  heptaphyllum) ; =Jiif} © F
i (Boehmeria nivea tenacissima) ; g
BRI NEEEfERE (Berchemia lineata)
KRR} © 4h% - (Alocasia odora) ; 22
B} 1 K Rt (Persicaria chinensis) 5 Wi
AR SmACHEE R (Oxalis  cornicula-
ta) ~ BRACHESEEL (Oxalis corymbosa)Z. -
PA_EFEMIE R S04 B BRI B = B Y hE
% 5% 48 U5 P 5L 8 (https://taibnet.sini-
ca.edu.tw)  (FHELT ~ HEIE > 20226) -

(&5, 4012058 | L TR HR IR R IR I
BFRIR LA EVE IR R RS et
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(e g Sl S
A & 2SR i 2 AR - BLfE 3?

o~ PHENRE - BUR - S HED
FERF— AR Z e anEh EPEx%DZ@rE/\_
TECERUERIR ~ TR R BB - T
UL ER R T (E-510) LB AT 124 R E M
SR AR - 0 LUE ZRET (Lutron
AM-4200) M8 B &2 % RALE 2 FUR
1738 - Sesk M E A 2 SRR - B
iz Ry RPN (m/sec) (BREEN - 2016) -

= IRHEIRE

A7 ER F 2R R4 5 22 74 (transect
line) » DASEILIE RREARYA 1 - FHEEE
JE A FIRBEAE LAY ZE AR A & - R
Pollard(1977) Z B - sC8kEEIHY
AR - BEURAT Ry o BATEEAR
e B2 Ryl K ~ fieJE\FIDR E20°C
ot o WL s Bl mEh Fy R Al - 38
EHERIDAWindows)tExcel 20198 H5 /&
18 FETAEYZ RS E(Index  of
Biodiversity) 5717 °

A HAR 52020426 H 22202247 H
 HEBRESIAMHES(E A - HET18{E H 58
FT2ARHEE o DIERLL SR E 2
RifE#EE - §HZ2/VETIRARNE
WA o Ryt el ZE R R AR

RIS Z IR 2250 AT

Feor RollEim fe e (538 - 2016) -

BHE - MEEETIGEE > HER
[E] Ry AP 9s 22 12053077 Ko 47 13Hk¢ 77
ZE 16853057 - LALH T 2UEEMERER{E
BRI TIERAHER A - SCeriefd ~ &2
VT R A Syl 2 A - DL
AEEE (BT ~ REJT > 1999) -
NFLAR T R TER A - AERTE YA
PR ] T Y S R S e i ] P e S 81 e
B BENT REERL) (EEE
1996) - FEELE FRACRIRIL I TERIR
af o AT B BRRAHVERAR ~ BFZE AT
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BRIEHHEZT  H_+—H
1WA T R E R
7% C
2 Flight b o A P T TR 2L AR
fiF > g EARE S RPHE WA S T
i X Patrolling PRI BN AT N P AT F L AR

if i% Pecking

% & Nectar feeding

-k Pudding

& & Saprophagy

4% Courtship

2 fie Mating

A “F Egg-laying

% 9 Basking
k4, Roosting

/~m$ar§]c‘ o

”“ﬁﬁ”@fﬁ B ¢4 R SR B
H o o

AP L EFR GRS T PFL o

U A R 3 S B 4 ﬁ’]‘/f@ik‘ {,J“—,ﬁé\?}sé‘x K
GhiF % e

FRBSEES S é{ﬁﬁimmmﬁm,4¢
Legnabf Rt L LRy

e PR R RN S s ER
S & RFETPRLT S

S S SR AU SLE i L

g e AEPFHTTHR O ARG AES AT
B g i“é{%?i;‘lﬁiéﬁr’o

WA R S R F e R G
W R A Y A LaHE FLEA o

BRAGH « BRAEE (1996) ° ZILEHPIEMIGE N < SRR FECR Rz
EEER S0 » BN ZE A - 210 -

B2~ iGRE
A BZHS

LI S AH = ZE [l oA

— » BIL B IKAEEREY

(gL SHIERAEAE R

1SR AL AT £520204

6H 2202247 » PEbk B iI81E A
R G éﬁﬂwmﬁ%ﬁéﬁiiuﬁﬁ@
AP - LB TG - g F2H MRS =R
%ﬁﬁ%ﬁ@ﬁ@%ﬁmm%tﬁﬁ
# + BT AR 72 A R
BFHERAITEGS - 1+ H2MEE

PRI K 6 55 R 2R 0 5 50 i B R T
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& FEAEIH RN HERKREREE
BOSRMBRNERTCE K THE
FERMAERATE S - W2 SOAERA A B2H01
RIC&HEES - - BAEREZEARE, -
b FEHEC R B B R 4 A 3L T
F199fE (& =it Eurema spp.)3it516,4316

RIS Z IR 2250 AT

R(E 4 2:5 1V ETNHHEIERER) 1
VOEA [E RS LR A A 2378 - —(alisE
iR 28 - (R 196 - B
291 - LS BRI
R o AR SBIEeRaTR
2.FUKR

722, L S % (202056 H £20224F7 A)

P %P B 401

gt LA - &3
i EH HE LT

Hesperiidae F dft
Badamia exclamationis £rA PGSR ) 3 1 4
Borbo cinnara £ HYE(LHEY F U 1 6 1
Burara jaina formosana e h A Y-(Fiha o) 28 28
Hasora chromus chromus RABRFUECPBRL F ) X 1 1
Notocrypta curvifascia A E (2 F i) 6 4 1 11
Parnara guttata &R U(H F 3 40) 3 5 3011
Polytremis lubricans kuyaniana % ¥ 3' & Ye(§F K403 i) 17 26 43
Potanthus confucius angustatus % 3% B(E F s 3 ) 1 18 1 22
Potanthus pava Aw A PRI § oA k) 2 2
Suastus gremius 2 EFU(LEF) 10 31 42
Tagiades cohaerens 0 4% & (9 4% 3 ) 1 1
Tagiades tethys moori LA H (2 F F U0 1 1
Telicota bambusae horisha i g A 5 19 44 68
Telicota ohara formosana TR E(n 2R i) 2 2
Udaspes folus FAY(r 0 RH Y 1 1
Papilionidae B U
Graphium agamemnon Fpii p(Fmy i) * 2 4 6
Graphium doson postianus AT R U(F sl i) 1 7 15 23
Graphium sarpedon connectens 7 § ¥=(F # § U&) 7 11 116 135
Papilio agestor matsumurae sy Ye(iam g i) X 1 1
Papilio bianor thrasymedes RBy-(5 "8 Y) 2 4 6
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BEHEST B

£ ¢ ‘ez o oAm as A s
g X HE LTE

Papilio castor formosanus Ao XBUE(E LY X HHE) X 1 1 2
Papilio helenus fortunius v X pi(e X Bk 1 2 3
Papilio memnon heronus < Bi(x B i) 3 2 5
Papilio paris nakaharai TR R Y IRIg R g i) 3 3 6
Papilio polytes polytes A B(EF B 1 3 15 19
Papilio protenor protenor 2 BE(2 B 25 1 50 97 173
Papilio xuthus xuthus Mg B ) 1 1
Pieridae A et
Appias albina semperi S (L e i) 17 5 9 24 55
Appias indra aristoxemus 2 R ER(2 R ie) 2 2
Appias lyncida eleonora B owoki(: i) 26 8 35 73
Appias paulina minato * X (R s ) 7 5 9 25
Catopsilia pomona B YA ) 2 3 5
Colias erate formosana KRR i) 21 21
Eurema blanda arsakia R4 3 (48590 7 9 9 5 30
Eurema hecabe hecabe FH(FAE ) 4 13 10 2 29
Eurema spp. + U 12 15 6 33
Hebomoia glaucippe formosana &334 B34 = %) 3 4 7
Leptosia nina niobe B (2 ek ) 58 45 103
Pieris canidia GEhe Bk(E RO ) 3 6 5 14
Pieris rapae crucivora v (R i) 75 586 62 61 784
Lycaenidae A et
Acytolepis puspa myla Fed mA(E AT i) 3 3
Catochrysops panormus exiguus ;?v A (i % R 1 1 2
Catochrysops strabo luzonensis :’E ik (K B 8] Rl 3 3
Celastrina lavendularis himilcon — ‘mi§ 5t % 83 L 5233 | 4 4e) 1 6 7
Chilades pandava peripatria BRAB S A (KRB ) A i) 1 1
Curetis acuta formosana A5 (4| A i) 2 3 5
Deudorix epijarbas menesicles AR ] i) X 1 1
Euchrysops cnejus cnejus Fok (e ko] Adk) 127 28
Heliophorus ila matsumurae Bp AR EE ) A 2 1 2 5
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gt T A i g A0l
RS E e HyE LTE

Jamides alecto dromicus ATk A ge(e L R] A i) 34 1 70 184 289
Jamides bochus formosanus ek A (IR Ig gk ) i) 47 18 27 35 127
Lampides boeticus B Gl R i) 13 591 6 610
Megisba malaya sikkima 2EAM(E AR E ] ) 67 1 27 25 120
Nacaduba kurava therasia S (5 2 ‘/li R A i) 27 1 121 253 402
Prosotas nora formosana A (I L R i) 15 10 20 82 127
Rapala varuna formosana FAUCED ) Al 1 2 2 5
Spindasis lohita formosana AR B R ) 2 10 12
Zizeeria maha okinawana EACP S| Ak 102 206 126 4 438
Zizina otis riukuensis FroVE AU o] ) 18 440 1 459
Nymphalidae B L

Argynnis hyperbius ek (2 4 oaih) 1 1 2
Athyma cama zoroastes BES AR (LB E A ) 14 14
Athyma selenophora laela B pe(H R 10 1 6 17
Cupha erymanthis F AR (A pt ) 29 30 12 75
Cyrestis thyodamas formosana e Sh (T M) 57 36 50 145
Danaus genutia 7B (2% fETE ) 2 2 11 1 16
Elymnias hypermnestra hainana & X428 e (% 3t B 3o) 18 14 17 49
Euploea eunice hobsoni [Fle % s (R % i) 6 15 10 31
Euploea mulciber barsine PR mr (% ) 2 4 1 7
Euploea sylvester swinhoei %f?? ‘f? (BT X E s dt) 9 25 2 36
Hestina assimilis formosana %t ( B ma gk i) 15 15
Hypolimnas anomala et ‘}‘5 Lt (N £ R ) 1 1
Hypolimnas bolina kezia % (TR TR R 3 2 40 45
Idea leuconoe clara ~ oo s (6 migk) 77 10 52 11 150
Ideopsis similis (I Ik i) 159 42 263 36 500
Junonia almana almana R % e (TU % i) 1 1
Junonia orithya orithya F PR (3 E § sklh) 1 1 2
Kaniska canace drilon ERE G QAN EmECT QN 38 17 5 60
Lethe chandica ratnacri WO B PR (A R ) 1 1
Lethe europa pavida L RERE(EF EY) 1 1 2
Lethe insana formosana Fl B RORCREL 3R R X 3
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Limenitis dudu jinamitra iR AR (R H A ) 10 10
Melanitis phedima polishana B B PR (2 R ) 1 1
Neope muirheadi nagasawae AR R P (X R R ) 5 5
Neptis hylas luculenta B HBEUE(Ti IR = S 4 6 1 11
Neptis nata lutatia Gwak B (E A2 A 2 3 7
Neptis sappho formosana ) B = AR 16 84 43 143
Neptis taiwana ERRRU(F 2 =84 X ¢ 2 2
Parantica aglea maghaba S (4R ) ¥ o) 118 4 152 26 300
Parantica sita niphonica <~ Wi (§ )Ti?-*.—) 10 1 62 49 122
Parantica swinhoei B8 sl () i) 3 8 9 20
Penthema formosanum d A (9 iR ) # 1 1
Polyura eudamippus formosana B ¥ 3-(BF & %) 1 1
Symbrenthia brabira scatinia F PR R E = M) 1 1 5 7
Symbrenthia lilaea lunica %‘;ﬁl@ﬁ;;_%é LG5 = s 11 5 2 18
Tirumala limniace limniace AR i (GR] R mie) X 1 1
Tirumala septentrionis o F (O] & F i) 2 2
Vanessa cardui cardui ) A bR (IF ) 1 2 5
Vanessa indica indica * R (i) 2 3 8 5 18
Ypthima wangi RN AR p ) & 67 55 13 135
i o &2t 1316 2,038 1,671 1,406 6431
P iﬁ-ﬁé Bt 72 32 75 64 99
Shannon-Wiener Index (H") 338 1.81 335 3.12
Pielou’s Evenness Index (J) 0.79 0.52 0.78 0.75
FaCsk 2 IEfRAH B FRIsRE15/E (RS i DABRISE R R B R 2 » 494
245K ~ BUEERMN2FE380E TR ~ IRl 40% - FEEE T HIAIDURIERIR % - &

13fe&1, 1812 ~ IRERFF197H2,644 82K

1541% >

» PRERFFA0FE 1,981 822K > 41FR3.FIR
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2R3, R A RHE R E H 0 I

BIEIAH R 22 20 AT

F UAd fic A A W WEF A
F gt 15 15. 15% 245 3. 81%
o 12 12.12% 380 5. 91%
Ao At 13 13.13% 1,181 18. 36%
A At 19 19. 19% 2,644 41.11%
P AL 40 40. 40% 1, 981 30. 80%
g2+ 99 100. 00% 6, 431 100%

5B 1 S R E AT e 1197
B RS S AT e g i 22 1307 -
RIS AL & 2 B SR BN 224 By
N o Heh G tENVU) A HEREE -
FEBtile ~ 2ESUbkils - FER b - EHREE

i ~ T R ~ DEIRUCE - TREE R
HEERDCHE: ~ LSRR ~ SRS - R
Bl ~ REEIRE - Ty iR -

- FEEIRERS: - ATEPIEONNT) A 1557
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Family

BEF B4R 1z %

B % H0 FREE EHE 4/
U4 Hesperiidae 15 152% 2 40 63 A%  375%  23.8% 145 38%
B Papilionidae 2 121% 1 28 31 109.1%  42.9%  38.7% 380 5.9%
#i Pierida 3 1B1% 13 2% 35 100.0%  542%  371%  LI81 18.4%
YA Lycaenidae 19 192% 24 67 114 792%  284%  167% 2644 41.1%
A Nymphalidae 40 404% 50 106 130 80.0%  37.7%  308% 1981 30.8%
Total 99 1000% 119 265 373 §$2%  374%  265% 6431 100.0%

(EREHE ~ J71282 > 2005 : BT > 2006)

SN RAGERL 202247 H RS K
% > WIS 2 ET & ol S i
ESHPHAERTE - 7 h1/E20234F856
HAE401 S TR S 1132/ N e R ik
I (ln EE EE ) Polyura narcaea meghaduta
» PUR 10 H 2 HAF SR R w5 M & SE LU s
PR A Y F 2R e 0 O 2R 10k (JBLHR 7 B i)
Discophora sondaica tulliana » [RJLSELL
S AIEAT B L0 25 1327 -

(2) LU ST RE T

A EGRIKETE T R ERTRZ
TREH ~ AT~ 2B - BRI ~ IRE - E
C UK~ TR OREE -~ KR~ EUEEL
fE1T R B T 6,37TTERARIEET By
o (it ¢ AWFEHACER6,431 82K > HIFR
2585 VEICRIBIE IR & » MU
H6,377T& K 537T)

SARE S > 17 AR
2,922& iy im0 HATEIEE ST REd Bk
4a8045.8% » R BIRE1,329& X (
20.8%) -~ {KE820EZ (12.9%) ~iB
ATT3ER (12.1%) - EVUFETT R
FEAR P {5 EE B 2291.6% » 1 H.&HE A
HAEBIZERE RS SRN R T
BRI T By o HACRETT R PTG LR B By
TR/ > 1£0.2~2.6% 2 [ - 41728 F1fE 6.
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8. MILEE H AT R B E5H #5%

2020 & 2021 # 2022 &
Behavior Total %
Jun Jul Aug Sep Oct Nov Mar Apr May Aug Sep Oct Nov Mar Apr May Jun Jul

* & Nectar 81107 16 45166 25 99 42 35 11137272 45 17 70 57 70 34 1,329 20.8%

feeding
-k Pudding 1 2 3 5 1 1 1 1 15 0. 2%
Ji & Saprophagy 5 4 2 1 2 6 20 0.3%

& Roosting 53 32 62 49 74 24 26 38 28 58 58 67 39 11 5 31 87 T8 820 12.9%
# % Flight 135 67141182162 94 395232221 183121198 95 39 91 95187284 2,922 45.8%
¥~ Patrolling 1 214 7 1 1 2 8 812 8 2 4 4 6 22 35 137 2.1%

if 1% Pecking 52 15 15 15 16 17 109 52 40 50 35 36 26 21 16 53 78127 T3 12.1%

F% Courtship 2 2 20 8 2 6 8 4 52 0.8%
2 E Mating 2 2 8 4 2 2 4 24 0.4%
A “F Egg-laying 2 2 1 51 32 6 5 1 5 6 1 6 118 1.9%
# % Basking 6 4 12 1 1517 8 6 4 3 3 5 8 2 24 49 167 2.6%
Total 333 227264 306 424 161 726 427 353 327 375594 210 99 203 250 474 624 6,377  100%

AL ALREE S 6,431 0 B SR 6,37TT B~ 2 B0l B eI Lao

A @ £8 xg
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. [
.oy wEE
X k2
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3R9. FA AR 2 A IRT ~ SR B a3

L Ty R C P ot iR R () ' TSk i# /s
Jun-20 31.6 63. 60 1.58
Jul-20 32.0 69. 33 1. 16
Aug-20 32.1 67. 21 1.28
Sep-20 31.8 69. 04 1.11
Oct-20 21.2 66. 33 1.77
Nov-20 25.3 75. 21 1.54
Mar-21 27.7 66. 63 1.29
Apr-21 21.3 69. 40 1. 00
May-21 28.7 66. 92 1. 05
Aug-21 31.3 70. 69 1. 14
Sep-21 30. 6 69. 25 0.37
Oct-21 29.7 74. 48 1.52
Nov-21 25.3 75. 88 1.21
Mar-22 26.4 65. 25 0. 47
Apr-22 27.8 69. 73 1.41
May-22 26.0 71. 44 1.38
Jun-22 30. 8 65. 56 1. 36
Jul-22 33.0 67. 77 1.39
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the spatiotemporal distribution of butterfly
Fauna on Guishan Island

Yueh-Tzu Yang, Chien-Chih Chen
Abstract

The purpose of this study is to explore the composition and spatiotemporal distribu-
tion of butterflies on Guishan Island. Four transect lines were established along different
habitat types, including the Turtle Lake trail edge and grassland environment, the high-
land trail forest environment, and the 401 trail mountaintop, using transect line survey
methods. Data were recorded for butterfly species, individuals, and behaviors on both
sides of these transect lines. The study was conducted from June 2020 to July 2022,
excluding an 8-month island closure period, resulting in a total of 72 effective survey
months.

The study recorded a total of 99 species from 5 families, comprising 6,431 individu-
al butterflies on Guishan Island. Compared to historical records, 9 new species were
added, including Papilio castor formosanus, Graphium agamemnon, Catochrysops strabo
luzonensis, Lethe insana formosana, Neptis taiwana, Hasora chromus, Papilio agestor
matsumurae, Deudorix epijarbas menesicles, and Tirumala limniace limniace. Addition-
ally, a new record, Potanthus motzui, was documented by volunteers from the Northeast-
ern Coast National Scenic Area Administration on April 18, 2020. These findings
expanded the butterfly species list on Turtle Island from the previously documented 120
species to 130 species. Dominant species, with a total occurrence of over 5%, included
Pieris rapae crucivora (12.2%), Lampides boeticus (9.5%), Ideopsis similis (7.8%),
Zizina otis riukuensis (7.1%), Zizeeria maha okinawana (6.8%), and Nacaduba kurava
therasia (6.3%). The Shannon-Weiner diversity index analysis indicated that the diversity
index ranged from 2.5 to 3.3 in different months, with the lowest value of 1.5 observed in
March 2021. This suggests that the butterfly diversity on the island is stable, indicating a
rich ecological environment. The low diversity index in March was due to the high abun-
dance of Lampides boeticus and Pieris rapae crucivora, causing uneven distribution and
a lower diversity index. The highest diversity indices were observed in the trail edge
forest and highland trail forest with values of 3.38 and 3.35, respectively, while the grass-
land along the Turtle Lake trail had the lowest diversity index at 1.81, indicating that
grassland environments support fewer dominant species and have lower diversity com
pared to forested environments.
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Because vegetation maintenance and management on the island have a significant
impact on butterfly distribution and activity, the study recommends adopting zone-spe-
cific treatments to reduce disturbance and increasing staff knowledge of host plants to
prevent the inadvertent removal of crucial vegetation that affects butterfly ecology.

Keywords: Guishan Island, butterfly fauna, spatiotemporal distribution,
diversity index.
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