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R =

7 5K VB (FNSII) O3Bl
REEF VX 3 vy OERBIIC RITIHE

KPRz KHE BRE - R A2 - fet IEAT

EH iz toF r Fa v AO- 00NN L2 HNE LT, KRafid rFa v 7ilBn,
7 7R EEER AT (FNSID) %R e L7z RNALFEREEIRELEL L, BRI RIZTEELRA L. BHKR
(T1) #F Tk 2 A, FRERIRMA L ABEORGIA, LEBOFOIMET LARLS L OVMEEEIE Y 7 thE 2L 7
Yoz e i oy, ROEB X OCHAGERHTIEDI IV T Yy EREEEET (CHS) # B IRTOT Y N7 = v ks
BRI B R BT CHREOETARD 5N, Ol KEREVIRO N L7, —F, Er7@fiTid, CHS %
BT v b7 = VAR ERE AR T ORI R ISR Sk o7z, L LAad s, Er 7 @ittt
R Z R TR B R L VIETLTBY, R T7 Y N 72 OFERSR Y TV VBT by T2y bRS
VNI HT7 o b T 2B L T AN REEAVRIE I Nz, Thabh, YUy 2@k Tc7 9K 4 F 3- KEM LS
HBIET (FH) OFBEI G SN T b eHfEg s/, DEOEREID, FoF a3 712BWT, FNSI EirT OS]
WX H BB O RS CE L DAL o7z,

*F—TJ—KR:FrFavy, TN T7Z=r, FNSII, RNAi
Effect of flavone synthase II gene (FNSII) suppression on petal coloration in red colored snapdragon
(Antirrhinum majus L.)

Toranosuke Otake', Shungo Otagaki', Yoshinori Nakao® and Masato Tsuro'*

Abstract
suppression targeting the flavone synthase II gene (FNSII) on petal coloration in the common snapdragon (Antirrhinum

To decipher the molecular mechanism for developing a new color, we monitored the effect of RNA1

majus L.) . In the T1 generation, three types of transgenic plants differing in the color of the petals were obtained:
red in whole petals like non-transgenic plants, red lips with white tubes, and pink in whole petals. Expression of all the
anthocyanin synthesis-related genes, except for chalcone synthase gene (CHS) , was suppressed in red petals and petals
with red lips with white tube, although the color tone had not changed. However, except for CHS, no definite change in
the expression of these genes was observed in pink petals. In these, the peak shift in the absorption spectrum suggests an
alteration of major anthocyanins, from cyanidin type anthocyanin to pelargonidin type one, by suppressing the flavonoid
3-hydroxylase gene (F3’H) . We conclude that suppressing the FNSII gene in snapdragon can lead to the development

of new colored petals.
Key words: snapdragon, anthocyanin, FNSII, RNAi

T

* ¥ avy (Antirrhinum majus L) 1%, I —a >
INHBALT 7 ) A MO MR E R RE ST A4 AN T

R NS L e e
(T 468-8502 #HEMTRAXEEST1-501)

' Faculty of Agriculture, Meijo University (Shiogamaguchi,

Tanpaku, Nagoya 468-8502, Japan)
MG AR T 4 — v P ERb I ge 2
(T 486-0804 SRR H LTI IE RHTZE » ih 4311-2)

?Experimental Farm of Meijo University (Hishigaike, Takagi-cho,

Kasugai City, Aichi 486-0804, Japan)
E-mail: tsuro@meijo-u.ac.jp
% | EALEY, corresponding author

2023 410 H 6 H=2fd 20234 12 H 25 H2 8

BxoFavryEo 1EETHY, BHEMIZYD L
ZELTHHEN TS, ikt i, B, Co
sEBLUOHBRELHTHY, INF TIIHEL L DR
DHEREINTE, T2, FUFa v viRicgIinsta
FIEL XV EO SN TBY, -1y, TU Y
TZrvBIOT7IR EWVS72T7 TR A4 TR EINT
WAL ENIS P E o TS (Geissman et al, 1954) .
TIRI)A ROEEEBERKIET T == VT 7= 2 MR
EL, HERE, 4 7~ VERERE T4 7 ~u A -CoA ICE
7=V 7anN ) A4 N e enH Ty b T =
BRSO A, ER SN 4 7~ 1) -CoA & 347
FoO~va =) -CoAlZhIVvar &R (CHS) O iz
o hnvarzEmds AN IETIR A FOEE
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Bl B L A ED CTH Y, F—a vt —
Loy Yy ERESR (AS) o sty avarrsil
AR &N 5 (Nakayama et al, 2000). —Ji, 7 o7
Vv, TIGR =N, TIRVEELMOITRTDOT T
KA FiEAva s8R (CH) ofzick) 35
OB (C6-C3C6HEE) 2#Fo>T7 =N ru~ v Fkixk
AL L2793 Y EAERL TH S (Winkel-Shirley,
2001), 79 RyAEBEEE (FNS) & 7583/ v 3-k ko
¥ 7—¥ (F3H) offiXictYy 75K 70 7=
COFMETH LT FET TR —VAZFRENAR S
n, YeFa75K)—=)EZIh5 & HITKBIL, 7V
Tk, T, A F VLR EOBER EFETKED T
v by 7= &7 A (Harborne and Baxter, 1999).

CDENNZT TR A FOEEERR B IEME 50 L,
L OBHEBLUWENEG LTS, ZOL ) iR
REANIFE T L, S HIIEME - RfE D L ITmEICHlE S
TBY, MBI 2RY 7 AT 72O IS BRI S
THMEY N EELSEAEL, HAEK (¥ Foy)
I LT W AT FEMEDRIE ST\ 4 (Stafford, 1974).
VAR, FUFa Vv TIIBWTL T IR A FOEERICH
542 FNSI /N RE - CCHI, Ye KR 795K/ —
)V 4 #@TcHEE (DFR) &AWL CHS EMHEAEHLTT 5
R4 FAZRO 2L TW5DZ EHYin vitro TRIZ
ENhTwb (Fujino et al, 2018). §4&bb, o Fav
T EROIEEITT TR A KX &R0 22X ) LEDHE
FFTETBY, ZoWEEPIELTEZETT NI T =Y
FEOWRMED ORI ZALL, Fri-zbafrsgitsng
TREMASZ 2 5N 5.

KFFETIE, ¥ FavInT7IRK) A FAFFT I
BWT, By U7 L THERELTWLEEZHNT
W25 FNSIT 2 H L, FNSII % Z5BIH+ 25 2 & T,

AR OB RIS R REL .
¥ B L UHE

W

MM L L COREARET ) —F > FLy F](3
Iv) FHWwWE, TIAIRNRIF L LTHF U Fa
v 7 fisk FNSII AR O Fie#) 700 bp %M - 3751112
HAEL, SIRNAZFET L L) WA LT TAIN
~N 2 % — pBI121GFP/AmFNSII 700si (4851 M) # &%
Agrobacterium tumefaciens LBA4404 ¥R, A. tumefaciens
C58C1 #kB L BRI A, rhizogenes A-13 % (MAFF-02-
10266) (Daimon et al, 1990) % IJEEHIRIZH 7z, F >
Fa v roOREREIL Cul et al. (2004) O FFEIHE- T
fTo7z. WEEhZ R & L, Agrobacterium |2 S 472
%, BHEEDF AL I EABIEETOARES Y 2 — b
DFEEITo72. Ya— b EFERIE, BoNLHHLM
RDFE) 5 Edwards et al. (1991) 125€\v>, DNA % i
L. NOSP-FF (5-ACAAGCCGTTTTACGTTTGG-3) &
NPTII-RR (5-ATACTTTCTCGGCAGGAGCA-3) %7 F

4 ~—& LTPCRLZAT, BABMLRF MR L 7.

H NOSP|NPTH ‘NOSTH 35SP | GFP |NOST|‘| 35SP |

RB

HIOSTH

F2¥3Y% FNSIcDNA : ‘ |
1% 730 1428 1708
7 LSS LRT-PCRIEIEEML e
182 318
4 1B, /349 =7 A3 F pBI12IGFP/AmFNSII700si

@ T-DNA 5.

NOSP ; /%) » Bl #RELF 7T uE—4—, NPT II;
AF AT ) YEAETR (R, NOST : /8 Y&
W MLy —3I4—%—, 35SP:35S FOE—%—,
GFP; fkbHOL S v XV G EE R BT, RB Al
FLSEIS, LB s REI

PCR 43 #1 12 & 0 3 A E AR T HE R & 7z F 45 L A 44
(TO) 9B, 77 bRy 7 ANTHFIZKELZLD
ML, FEEL (43 14) 2 ANIZE=Z— LRy
I (¢ 105 cm x 85 cm) ZBAHL, 25 + 2C, #EfilHS
7 (#3000 lux) OIEESE THEE L7z, 8w E o
BIRIC L B RN EOPRE X 05 % /MEBOHERD
72, TOHACTIZ/ANEDBRIE X 5T 21THd, X
THRSH SETHRML, ki (T o#EELIT- 7.
B D ESNZMET (T 2L, 1325 DNA
AL C R E RO FFEIZLD PCR #4175 C, EA
BIE TSR T & 28K % 25 = 20C, kIS (#9 3,000
lux) OERECTHR L, &4 L/Mex sl LT
Mz, 72, [AU—=5YF Ly F] BEEMETH S
729, WA TR BT 2T REED S 5 2 &2
5, I EERRIZOWT D HRZH & 17> TR (S1)
fEfk % BRC & BRI 3R L 72,

ERBFEDHE T A>T = 2 DEE

BAAE L, AEFrs T EgBl Lo/ MEZBRILL, LIS,
TIEEB L OTEEEO 3 oD L 72, &EAD
PrHEE & E L 72 R A CERIBL, 1 mL @ 1%
Wl A % ) — VICiRE L, 4T T 24 IRMEE L Ty
ZHIHE L7z, iR, 1%IEE A ¥ 2 — VT 10 AL,
530 nm TOWNELHEL, BERHE LTy 7=V 37
WAy R (L7 4 )V AHEHEE) CHLNMERE T
BL, 7yho7=rmEE ML Ty T2rED
HWERERICDE, 3BT 2T 7.

RNA D & EEHI RT-PCR BEHT

R, PACRIATE AT O/NMEZ R L CRAREE R Tl
CHHE L, RNA #ii2fiv72. RNeasy Plant Mini Kit
(QIAGEN) % W CTH# o 7 a b 2 )VI2fEvy, # RNA
i L7z, DNase I (Invitrogen) % HW»T4:%5 7% DNA
% 5-fE L 72, High Capacity RNA-to-cDNA Kit (Applied
Biosystems) % I\ T RNA 100 ng % ##z5 &+¥, cDNA
AR L7



7 7R EREFEEF (FNSID OSBRI REIE® > F 2 v 7 O G KITT5E

NS

g
1

%

il

i

W BRI IZ L D IE5 N7z cDNABERZHM & L,
THUNDERBIRD Next SYBR gPCR Mix (TOYOBO) %
HAWT 79K/ 4 FEGKREZELRT (CHS, CHII,
FNSII, DFRB XU F3H) BXUO x5 K77
1~v— (81£) % & & RT-PCR LIS i % 7EHL L,
StepOnePlus Real-Time PCR System (Applied
Biosystems) #f#ifl L T RT-PCR #1772, 567257 —
Zik, AN CTHEIZE ) HMEEOLE X T a5 il
LL, IERERERIC T 2 KRB R T O B E &
LTt L 72,

1% EmMRTPCRICHWT I/~ —

TIA ~—H R iyl (53" BT
AmUbi F CTCCGTGGTGGTTTCTGAAT Ubiquitin
AmUbi R CTGACTCCAGCAAACGAGAA Ubiquitin

AmFNSIT F CGCTCATCCAGCTCTACCTC FNSIT
AmFNSITR GTACGTGACGATGTCGATGG FNSIT
AmCHS F ACATTGCGGCCTTCAGTTTT CHS
AmCHS R GCCGGGAATTGGATCAGAAC CHS
AmCHI1 F CCGTTAAGTGGAAGGGCAAG CHII
AmCHI1 R TCTGAGTATTGTTGGCCCGT CHI1
AmF3H F TCCGGGTACGATTACTTTGC F3H
AmF3HR CCAAGGTTGACCACAAAAGC F3H
AmDFR F GCAACTGTTCGTGATCCTGG DFR
AmDFR R ACTGTCATGTCTGCCTTCCA DFR
BREIUVER

IR Agrobacterium % &G & &, ¥ 2 — MBI U5
28 L OB/ L7z, TO Tl 20 4 THE
ANBET MR T &7 A, tumefaciens LBA4404 & Gx X
T 11 1R, A. tumefaciens C58CL XTI 1 1ML, A.
rhizogenes Al3 &L X Tl 8 HMAIES T &, BHiEH M4
FERRITENZTN30%, 02%, 07% ThHh-o72. —Fh, Z
NHAED S 6, L - #HFEIZE - 72 BRI LBA4404 &
GeXIZHET 5 1B LN AIS G IXICHkET 5 2
ROEF3METH -7z, s 3fEICoONT, T
R CEAEL T 2L T & 72 1184 (TILBA_1-1 ~ 6,
TIA13 111 ~3B LU TIAI3 21 ~2) I2BWT/HED
BREBT L7282, FRERIBAELITRZLBME
oM HH TR TE (F2). Ml ia
IR EERE LR CAREDO L O (TIA13 12 B L
T1A13_1-3, PLLFRIERH), MEOLEB L O FELRIX
BUEE L W LR CTH 2 BT A OB O L I
Hfodb o (TILBA_11 ~3 8 XU TIAL3 22, PITH
LR BLOIMESERDPE Y 750 b O (TILBA_14
~6, TIA13_1-1 BX U T1A13.2-1, LLFE ¥ ZAE%R%)
DOREL IFET TSN BRUINIH LS 72 RE O
LG HE TR TE o7z, —77, IFEEEEA TR
S1 AL DR TIEAR D BRI ENDTTRD SN o7z,

&

a

SE B iR

TILBA_1-1 TILBA_1-2 T1A13_1-1 T1A13.1-2

T1LBA_1-3

TI1LBA_1-5 TI1LBA_1-6 T1A13.2-1 T1A13.2-2

b

I I 3

TILBA_1-1 TILBA1-2  T1A13_1-1 T1A13_1-2

T1LBA_1-3 TILBA_1-4 T1A13_1-3

TILBA 1-5 TILBA1-6  T1A13.2-1 T1A13.2-2
%2 K. T1EMEIZBITABAERO/NMED R

a; 1ETf, b; T

Bar =1cm
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INMEICBUAT Y N T v ERRELE X, JFRE
Bk & i L O L O BERIRAE CIUT L w7z, B2
BB E &, FEREICOWTIE TIALS 13 2B <
FTRTOMAECIFFE IR L R TERT LT/ (58
3ald). FTEHIZOWTIZTILBA_ I3 2K $XTOM
eI IR L L L TR LTz (5 3b ). &
512, fEEEICOWTIZ TIAIZ 12 o AL, ZHnbh
FOFTXTOMECIFREIRERE L KL<, KFLTw
72 (BE3c ). F/, RUMEKTY TI A13_ 121X HEB
LFOTFEIOT v b7 = B ERA L LT
ETFTLTWRI2b20b56d, EEHITRECHENLTH
D, —HT, T1 LBA_13 TIE EEB I UIEHHDOT ~ b
V7 o v ERBIFEEERAE L TETLTWAIZL H
b5, FTEIIBEML TV, 20X GREErS,
R ENCT ¥ b7 = AR RE T OFRBLA
HEIENTBY, B 2BERTOFEIHE SNz F
YEIVYTIE, RBERTY TV VTN T
ERSE LTCERL, M, ErroaitfcidEsn
TV VRT U T v RS ERT S (Rl e BA
1977). Y72V BTy N Ty ERTVIZY VA
TN T = IR R SRR, Ry T =T
B7 o N7y OlMRVER TR L 25 (S0E L &
M 2005). ¥ ¥ 7 iERMOIEF BT 2WIEART bLrD
R R IR & i L TEREEAIC 7 P LTBD
(4, CrriERfTl, 7=V 87 b7
by, RIVTZV U U N T 2V B ER
L CW AR S 7.

450

300 [P~

TN T EBe/s FW)?

3. TR/ NEZBIIAT VN T v &R
a; FEES, by MEH, o AEFEES

W e, e, [ errm
L TURIEIC KD, 5% B 0N 1% KHETIEIL E ik &
HEHEDY

Py =Yy 3 ANV aYy RELTCEN

0.6

05 — FFRHEHRE
51(0.4 —_— HeIE
& ::Eﬁﬁm

0.2

0.1

450 500 550 600 650
& (hm)

5 4 B ANMEHEROWIE £ AT v
PUNE 1AES 72 oW

F 7o, BHREERAKONEBIT L7 IR 4 FES
B REETOREEY L% (5 X)), EiE
=¥ CTdh % FNSII OHIx 5B 1 RAER#E T 0.38 ~ 0.64
5, BESERFHTIE TILBA_L1 Z B\ T 042 ~ 0.88 #4512
BT LT M)y, ¥ 7R HIZOWTiE 057 5~ 1.30
fEEIEH D& RSNz FNSIT OFEBEH ORE £ A Mo
T IR A FEGHBERBETOREARITHEL T H
FRD 72O KEFEBIZT IOV TR EBURNT 21T -
72& 2%, CHS TTILBA_12 2\ 72 X TORMKETH
119 f5~ 631 B4 L T 7z. £ 72, CHII Tl, Ak
BLOHMGIERHET035 ~ 095 BICHBEIEKT LTV
72705, €Y iERmIE 066 ~ 1335 LA TIES D&
MO SN2, ESITTFHO F3H 3 X 0N DFR D58 &1}
#1007 ~ 085 1, 0.09 ~ 080 5 & = 2/ ED @I
BR { TRTORMICBW T T LTz, 20X H I,
BUEMR & MR OROOOH %2R L72RERB S X O HFE
HAil, CHS # W7z INoOBEREETIZOWTH R
I E N TV AMEIBASR S 7z, FRAERKR FEAE R
TIX FNSIT DEBEORT L L IO T7 IR 4 N
BB IEFORBULTAE L L Z & T, [ERICERENT
W57 TR A FMEEYOFBILA K & 2 b3, @
WCREGEADSEZ & hhoz0ndb Liwv, —F, &
WF2e Tl BRI O# S L, RNA 2 5EA 7 —VRlB X
UAEFIAL N 0T 37, AMEEE2 LI L Tw b 729,
IREAE L HEAE L OBIETRIOENEAMEIZT S 2 &H
TEhholz. SRIIARDOIEEA T — TR B L OERALR]
IER T OFEHE LM 2 L E D 5.

16
€ 14
HE
g
ESR e 7o |
R o8 /
E% 06 2 i
~ o4 (f1
oz M
o A i
%‘\YF '&N '\,’\/ N’b ,\/\ q/’\/ '\,'\ v 2 > b2l Nb
& > > > >/ D> Nl >/ / 7 v/ >
4\‘\'7%@ &"Q f\'&\’ &@’ /\@ «\@’ ,\&’ «N& «\% «N& «\& «N&
*
FE5K. TUEKRICBITAT ¥ o 7= AR EE T O
X FE I

B 7vsi [ can. B pFR, [ : Fan
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DEo#ERLY, FNSIIOFEHRIHIZ LY, 25 Ra v
L T EHEE S N D AMOREERE O BIL T FEBL O
FGEE) L CHIHI SN D —T, A &R VBHRO—M %
WL, 79K /A4 REEROELE %5 CHS OB A
M3z eNHENE LRSI, ZOZEE, 79K 4F
AA 70— DI ) AR ENOEEENEE -
T2ODRERTH LD LNkwv. s offEn% < idik
FOCRICKEREAD RO SN h o725, —HT, 1B
FOMPMPYE ¥ 7 BB L 728D 3 HIEFES 57z,
CNHMEETIENRTG NI =D VRT3 7= OER/HR
EZoNbLI20, 7T7R A FI3-KBILELZERT (F3H)
DOFEBPHHF E N T LDHh b Lkwv., 5%, FSHO
FHBNT B L TWBT ¥ b Y 7 = v OFM % B
BCThDH, NSO LS, ENSITOFHIMHEIZ LY+
Y 2V TIIBWTH - RO ORI O REMEAIIFET X
HZENWHEME R ST

T

REBREZFITTHICH720, A tumefaciens C58C1 1
& YK R T AR R s R REEUR B &
ORISR IR 575w F7- ¥ Fa vy
FNSII DY R E#HR B L O cDNA 7 10 — > % Hb ke
KRBT RE ILF8d% 2 & SRR 2 W% 23
o772z, ZZIEHoOEERELET.
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R =

Va— b (Corchorus capsularis 1..) \ZBIF 554D
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Effect of flooding after various growth stages on growth and development in jute (Corchorus capsularis L.)

x 1) )

Hiroyasu Michiyama* ” and Tatsuya Hirano *
Abstract Jute is often cultivated in the flooded fields in the rainy season. This study clarified the effects of flooding
started at various growth stages (9, 19, 29, 39, 49, 59 days after sowing) on the growth of stem and leaves in jute. There
was almost no effect of flooding in the plots in which flooding started 29 days after sowing or later. In the plots in which
flooding started 9 and 19 days after sowing, the stem elongation and increase in stem diameter were suppressed after
flooding started. However, this suppression changed to promotion of stem elongation 39 days after sowing (July 10),
and stem hypertrophy 36 days after sowing (July 7), regardless of the starting date of flooding. After that, they grew
vigorously and finally became larger in both the length and thickness of the stem than in the control plot. Between these
two plots in which the plant growth was affected by flooding, the extent of both the suppression and promotion of the
stem were larger in the plot in which flooding started 9 days after sowing than in the plot in which flooding started 19
days after the sowing. After the stem growth was converted from the suppression to promotion by flooding (July 23), the
upper leaves on the main stem were longer, and the SPAD value of each leaf was higher than the control plot.

Key words: fiber crop, flooding, growth and development, jute (Corchorus capsularis L.), waterlogging.
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et al. 2010). L L, HERIZBIT S A L OFIEHMOFE
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B A LEDRH L EEZHNT. Z0, FEEHED—A
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IKEIAGIX % a, & 19 H&HKBAMGIX % b, ##4E 29 H £
WARBAGIX % ¢, #HAE 39 HA&HKBMGIX % d, #RfE 49 H
BHIKBAMRIX % e, %M 59 H ARG % f & LT, 45
H5E HIZ BV THLEX & DI Tukey 12 & % 5% L
VORBEND > T25HEGDOH, TOWNEKEZRTTIVT 7
Ry b RPIIR L7,

53R

1. RTEREICRIZ T2 DR 5 DEKDZE
MEALBLIX O BAEAGIN 13457 595 H2 D 7 A 31 HT#H -
7z (1), M HEB X OB 19 H S KBA X3
WHEX L) 3~ 4 HiEN, THENHE 637 Hikd &L Uk
634 HED 8 B4 H (KR H%) BLUBH3
B KRG 44 BE) Thorz. Lo L, #KkMMmSS



Va2 — & (Corchorus capsularis L) \ZBT S 4 DEFERED S OWKPEEDFEEICRITTwE 9

SN HEME 29 H 2~ 59 H itk B a6 X O B EAG T X
X 2 ZIEE CTh o 72,

#1 Va— b OWEE LR THOZORE RITF
T4 DR 5 DR D B2,

B AEAI TR TP R bACEiE SRR
(cm) T K

e (HRFE1% MR Uk
(& H) H 30 (cm) b (mm)

MAUEEX 7H31H 59.5b  1046b 250 cd 148 ¢ 72 ¢ 6.5 ¢
9H%X 8 4H 63.7a 1267a 286 a 385 a 132 a 167 a
19H#%X 87 3H 634a 1201a 277 ab 248 b 94 b 113 b
29[ %X 7H31H 604 b 107.7b 242 d 111 ¢ 52d 6.9 ¢
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MBRIX &) B ), MEALBLIX & DENILD > TV o 7z,
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X% ) HHEAE 19 HREKEBIX L) b EZEPFL,
IALPR X S8V B L 22 B0 BT T, 618 9 H &t kBiA
X3 ) A4 19 B REKBBIX L ) b EZRPEL» -
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ERIIMELEKA 1046 cm TH V), I HESB L 0E
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i oMRIZOVWTALE (M), BEIHHZB LD
&1 19 H KBRS R R BN 272012 (1)
B DM ERMEA DT BN T, WL O AL
b (60 Hi2o 7 A 31 HED) 113 RS LI X X
DENATH 728, FRZETE,-7. LerLl, 2h
5O X DOME DM FEHEEE T &L ) K&, #HE9 H
BRI X IR 19 HREKBBIX L) K&, 2h
FN8AI12H (FHE72H%K) DMEBLUSHIH (3
75 Af%) DIICEMBX XD EZICE o7z (M),
F7z, B9 HBEKBEXKIZIMOX L ) HEKR T HIA 2
NDMEAD S Y, FAMI RN E HIZEL % 2 EHA A S
7z A RITELEX AT 148 cm TH Y, I H
B & O 19 H BRI I 221 385 cm 3 &
N248 ecm TH Y, TNZTNEUEX I D 24 cm BL O
10cm £2o7 (1), mEERICB 2% 9 H &t
AKBGAIX & FEAE 19 H B HEKBBR O R#EFEZERICB
5L YD REL o7z, EELEBICHEICBNTL S
D 2 XLAS (A 29 H 7% LA OHEKEIGIX) (3 #EALRE X
LIRIZFEFOMEREEZRL, MROESMMIZHh: > THE
WPEX & DBIZHBEDSA LN o7 (K1),

W M EEA DR EALIE O D O FEET 5 7
W, FEREUBEOAFHMEETHME LS H) LN TE S,
MR TEEAFIE L CAL L, EUHXA 1194 cm, IHE
9HEB XU 19 HEOWHAKMIKBKIZZNEN 1652 cm B
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57012, HAKMERX EEUEBRXOEEROETFA L,
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HEARNZ X 2 A HARENOIRIH & 72 o 720 Z ORI
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<, 19 0 AREABBIXIE 152 cm 8 <, A9 A%
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2 HITEMHEX E DEPETHH LAY, £
NOOEIFAETIE L ro 7.
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3. EOKIIZRIZTTREAZDEEEHL S DEKOTE
81 i O KREE A5 &, FERFE 9 HEKBEIXIZ
WAKBIIE 6 HiED 6 H 16 HA 5, & 19 H 2 KBIEIX
TIXHAKBMG 2 A0 6 H 22 H 2 5 ER2 I & T,
X X ) /NEL ), ZOBREBLEXE OEIZEFD
HEATE E IR o7 (M4). 72720, BAERIZBW
T, & 9 HERMEKBIAIXKIZ BV T EEOM MBI A
SN LD 7, WKBALRIE OB ORAEIL D - 72
ZLC, WXE D DDA S 1RO AN
A OARME TR L TR B I LB X XL Y K& 2D,
WAL E DEDP/PNEL o Twolz, ZOMXOIEKE
FERREWVIREBIIAERER T EOh &, MXOFH 1 HikERE
TEPEX 2B VDO Wi, ELEX 2BV L TRE S

Y, SHIELIX & OEPIED > Thorz, 51 HEiM
AR ELELR 2BV W T AR SN < % o 72 B
(&, 3B 9 H M KBIBIXTId7 H 16 H (EEZKBIMG 35 H
%), %19 HRHAKBRGIX T3 7 A 19 0 GREKRIAE 38
H#t) THYH, COBWEIEERICBILIEAELVDbT R
R Ao 7z, BERAHDE] % 521 T O AR | 2 Hindfs | C AL
X I2B WD K TOMMIZERE 9 H KBTS
AR 19 HAHEKBIZRIX L ) O 65 1 B EAH ,
SR X % 3Bk L 7212139 9 H Bl KBRLGIX 013 ) 25%%
i 19 HIAWEKBGIX L0 &8 1 S EES Ko7z M
DA XA T IALPE X & [ O MRS 2R L7z, 5651
Hi O RALTE ARG EIRX 265 mm TH V), #&FE9 0%
WEKBIIAIX 1L 167 mm T2 5L Ic Y, % 19 H kit
KEGEXIEZIE T2V A5 113 mm THEMIX D 2
B F TR o7 (B1). oKX OE 1 HiHik
X, 7 H 10 H#EKRBRIXAS7T H 28 HB L V7 H 31 HIZ,
7 H 20 H#tAKBAAGIX X 7 A 28 H 12 R A HELHL X X
DOTPTHLEBEZIIRP o722 EEBWT, EAKRT
FCHEMIIX EOMICAZEEITA LT, I ZIZFERICHER
L7z (KM4), E#EEFETELEX EHFEEED 69 ~T75
mm CTHho7z (F1).
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M5 Ja—bOFFHKRMUEKX LRI XOBIZBIT55 1

EIMEEOZOHER.
B OBIALIGIHOFRIZOWTIIM 1 2 S,

HERALE X D5 1 EiH ORERIZ B 5 HEKIC X 5 9] B
L OMRE DR, FRIHERD P> S LD B Frif ]
B T20IZ, HEARME X & IRALE X O EiFIEE O 2 % 7t
HL, TNOOMBEZKS IR L. 8 1 EHBERICKIZ
FTHERGEDHR L NTZHAKIX D ) HikiE 9 H K%
XCIMRMG6 Hi: (6 A 16 H, WEMH) »5, &
HE 19 HRWEKFGIX TIalkpt 2 Hig (6 H22H) »
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SIMHX X OEPEDOEE E 7. F LT, WX &b
C7H7H (FfE36 Hik, #okBamTizzhen 2T H
BBILIOCI7THE) ICELEX & OEFEOF IR LK
ELrolz. FTOBRIIMXE BIEREEIKRE L o T
WMELX E DZEFMHEE D, 7H 7T HPAMX & HHEAKIZE B
HA SRR & 72 5 72, ZORIZTEZEOMEC
BRI L ) 3 HRE o 72, 9 H ikl KBBX &
FERE 19 H kBB IX % b4 5 &, Z omiEilic By
BAEMELIX & 07 (HixHE) OfRAMEIXZFNFN 14 mm
BIW12mm THY, HHEI HERHEABBX DI ) 2HE
19 HBHEKBGBX XD KREpo7. TORBRITMHK L D
BDOMETH - WX E OED T - T, &5 (ML
X & DEDPIEDEIZ R T, FDENKED> TVl 5
I HIMERICBW T, X525 3o MLEX & M
B EDENETHDLLIICAZLD, TRLITHEEET
I 7%ho 7.
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EIHD7 V7 78y MIOWTIEE 1 225,

FELHHOREEFR TN TNOXIZB TS LA
EEHC 2D, WENOHERIZE W THHRE 9 H MK
IR S R, R THRE 19 H 2 KBBIX TH D,
WX L DEIVTNOHMTOHETH -7z (1X6).
F72, KXOFEz TRHMEICIND» > TEEOZEILE 25
&, RO HIRMKFHIGIX CIX5E 4 BiRLLT, ¥#%fE 19 H
TRUEKBALAIX TS 2 Jif LUF 232U R 2 B 23 A 5
7z PRI ML X & DA WS OHEIH 12
BWITOHETE R, T2,

4. FEXEHSIVAIHOEDEERRICRITTIEL DR
HiD 5 DREKDEE

FEB L U LA EIME O R SEEE, ML X A% 250
MBLOT2HTH-72(ED. FEBIOTUHEIEL 2o
ToPRAE O H AKX B X O 19 H Rt K BIIBIX C
TN TN EZFZIERD 286 M L UV 277 KT, AR
FZENZN1B2HBLIAMTH Y, MK L) HFE
W2 hofz. Fiz, FEREBUCHE LTI 9 H &K
IGIX & RAE 19 H &KX A FARE TH o 7245, Ml
BRI L CUHHME 9 H 22 BEKBAG X 3B HE 19 H itk
BIIAIX &L D AEICE 0o 7z, MORBX O EEERINT
N 242~ 264 TH Y, MUFX & OMIZHEED
o7z, Lo L, HIBEERIZE L Tldb 3 MIcaEED
Bif, ¥ 29 Hik& 39 HIRBEKBHMGIXAS 52 M4 L U855
MCEMHX I D EZIA% F2H), HE49 HEE
59 H A #EKBIIEX 1L 62 B & U 6.3 B CHEALHEX & [FEE
ETHoT.

12 r
10 |
8 L
s
[}
S 6l
X
¥
4 L
2 -
0 1 1 1 1 il
0 5 10 15 20 25
FE2HENT
—o— MEALFE X 9B %X —A—19H %X
29 %X —M-39H %X —0—49 A %X

X7 7H23H (& S2HE) 2BV a—bOEELEE
DESNRAT$H A2 OB S DMK D2,
7 H 23 HOREW A O IRINZDOWTIZIERE 9 02K BIR1X
BLU19 HEEKBBXOEENSITHID SIREICEDY,
FNF I SN AR L-EIC S5, P07
VT 7Ry MIOWTIEN 1 25,

M RICAEEN AR CETH 23 AICEELSENE S %
HWog L7z7s, ZoRIZIFME 9 Hts L OETE 19 H i
KBIEX TEZEDOAEEDHAKIC L 5 —EI 2 P01 2> S 425t
WAL Bl A X, X L DOEIVNEL o
TEHCH o 7o, ML X TIEES 5 25 DL EAYE - TW 27y,
FRFE O H K BIAAIX B X OHRAE 19 H R KBIIE X Tl
F2HEULIFE-TBY, ZLOEIK- Tz ([7).
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F&TE 29 H B HARBGIX, %1 39 H A HEEKBGIX B L Uk
T 49 H ARG TR L ) EENL L, Th
TN TEL L, OB LU 6L LA Tz,

MPIX DREREE AL E, F5EN6Icm THY, 59
EFTIEEMEEIERE o7 (WT7). EIENSE IS
I TNHH I em TIROELS 2D, 5 13 %L X 147
WILEL o7z, ZHICH LT, 3BT 9 HEBKBBIX
1328524 cm, H53EAT46 cm TH Y, AKX X
D IO 4L T EEITZER o7, 145~
521 #3102~ 110 ecm 122 D AP TR OEL, £21
PRI EVIEIZ RIS o7, T, HEHRE~E
OFETMMBEX L D FEIZEN L, 10 FE~5 13 FEidm
UPRIX & ORICHEEEDEL 20, 8 14 FE~5 22 3213
WPEX X ) ISR o 72, 1T 19 HEHEKEBX T
H23EA37 cm, 53348 cm TH Y, W O H R
RBIRIX L FRRICES 14 BEF CTEMIEIZ LR ARD, 14
I8 IT ~99 em IZ 2 VT TR LEL, §
BFED LIFEMEIZEZICES ko7, ZOM, FE5%E
~HEILEEELHEX L) ABEICE, L, B 12FE~513
DI L OMICHBEENES 2D, F14TE~ 22
WTELEX L) AEICEP o7 19 HRabk B
X & 3B O 0 B KBIIEIX & o eBec B L Tl o
RPN TR E D020, 23D LU 3 #I3E
19 HAHAKBRGXOEZ ) WEEICEr-> 72, HE19H
FBHIRBIGIX O 4 BE~5 7 33 LATZEICM 22> TORER
BEIAVNE <, HRIE 9 HERFOKBMGIX & D BIH B
Motz FLT, HEIE~FE 0%, H 173 520 %L
TALAETE 19 H KA X AR 9 H B HAKRIBIX LD
WLl Teol, EREOBEEDODESBIPVRILITELRD,
FE1E 29 HRWEKBIGX T OHAKOZEN N, 6%~
FYEEIIMMHBMX LAIFORES THo 7205, HEIE~E
BEPEL O TICHELEX L) FEICHE o7 F 2,
%16 L L IFHOHEMELX L HEOR X2k o72. b
OFHEI OHE,S 29 HiA T TOWRKBBXOZEEDL
g5 &, WKBBHIAIEL % 5 DIfE - THERG %<
FAENLAMOFEI L -7 39 HitB X O 49 H
BHABIEX I VTR OFEM T B & FEOFERE T
HoTe.

MU T7TH2HIZBIFHEEKIED SPADfERX A5 &,
LR B CHIlE L7/ T ZETH 5 5 6 320 SPAD
I 118 TH Y, %5 16 3 F TlE L1313 & SPAD D
K BMEMTH Y, O 16 2~ 20 #13 316 ~ 326
Thotz (M8). #fE9 HEREKEBX CTIL, RAr3ER
& SPAD fEASE VD IXFERTH o 7245, 25 6 TS 328,
e ER L 19EIZ502 THY, WTFROENTY
AL X ) A E o7 F 72, %M 19 H %tk B
HX O EZEFEOSPADfED LAIFEITZ &5, E6 3k
319, WEMHERLA-E 17313430 TH Y, MUHX L
DEEICEPo7. UL, 9 HERHEAKRGBIX X)L
EERTH Y, KBIIIRE o208 17 ED ED

FAEETIIHEENA SN, 1 29 H~ 59 H Otk
IS IALIEX & DGR T & A E Do 72

60

10

EEIENL

—A—19A %X
—0—49 H 1% X

—o—MMPEX -9 A%X
29 H %X w39 H %X
8 7TH23H (B 52 HfR) 2BV 2— DT EKYE
@ SPAD 21T 3 fE 4 DRI S Dt Ko 528
7 A 23 HOMMEOKEEIZOWCIE, M7 28R, Ko7
VT 7Ry MZOWTIEH 1 25,

EE

REBIZBWT, B9 HEB & UV19 HZREKFGIX
TIEHEKIC L > TEDOMEB LB HE L 2T, Th
VIR DR BIMGRIX TR DB IT & A L C &5
Ll o7 (M1, 4). #E9 Hikds L0719 HiRWK
BALAIX TlE, WERZICHEDB X ORI S fz28, —
TEDWEF 25 Z 105 DS 2> 5 R | 8t L C LB 4 58
W XY IZEAIERL, RENICIZEORSBIUKR
S HIREDO X L ) KE L DT ENHL I
o7z RN O U 2 — ME ORI IZHBURIZ SR L
SREIERA 2 B L C L F 2 S AS— Bk 128 b T
LWEIL L wESbITWwA (FJI] 1960, Khandakar
and van der Vossen 2003). AWFZEDfER, THEOHKIZ
WRNZ BUSS 2 SR & v ) o3 3L S %R 19 A
HEEEF TCOMMTHLZ EDPHLNIZR -7, Ll
— DR SR B X OMRAHE 2> & e 13m0 L
REBROHPH TIEHAINATHEAKIC L > THEEEB LW
KREEIWELZITLOTIE R IMESINDL Z LS
Mlle o7z, L, TNHIEARERD LS 2KES ~5
cm BREDOWEKDOEETH ), EEOFR:H TIIKEIL
LL720, REMEDKET B OVOKEIIRDLIELFE
2N, SRIIKERZOZLENE S T TRRORE
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EHODNZTLLERSH L EEZ LT

REBRIZBWT, HAKBBRSHFER TH - 7259
H#BK BRI ClE, #oKEHRO 6 HETd 2 25— k12
ALK & OFICAEEEDH 513 EZEOMEMIMEE S h 7
(K1), ZIUIHAKFIIBEIAAHEEZRTH D, FEDOKE
TIEFEIRKELTLE ) 72DIZFIED KA LEICH S L9
ZKERZFRET L7228, IRl (22) o3& A EDKET HIK
BThoZENEREZEZ LN Lo L, #KEBER
6 H%x# X2 & 3ME 19 H B HAKIEX & FAR IS B X
EWARTHENH 22T 5 X )1l ho/z2 Eh s, #iK
OFBL L CIENM O 2IRETH 722 LDEZS
nr.

AR o>E ) B 9 0B L 0719 H R KBEX Tld—
SED WA & RS 2 S AR L 7225, € Ozl
HEMEARICBVWTIIMX EBFELE7HIOHTH D,
ERAERIZBWCIZTHTHTH-72 (M2, 5). Ll
INSEFHAKFBEOLTAL L, MEEAECIIEREIN
BHARBIAGIX AY 29 H i, & 19 H R H#KBGX 2519 H
%, BREETEFNZEN26HEBEBLOT16 HZIZRD,
IBLIXIZ X o CHRZZ o7z, INSOFERNS, HKIZES
il 2> S AR AEN DRI FKBAMG R —E DO H O HZ TR S
LT TIE R L, MEIEOEERICEE YT TR S
EEZ LNz — R, FEYOEE % A R 635
ItBLUORIETH S, 22T, FTHALIERL TH
e, MEXORMEHIZISHI~4HTHY (F1), HH
M ORENDERHTH 727 H 7 H~ 10 HIZBEEH D
25 ~28HAiCHo7:. MLEMEMTHDA AR e~DLE
GBI BRI 30 HTH Y (X & 1959, fEH - i
111985), ¥ 2 — M OFEFFLHNIRE LT > TV RS,
Va— MIBWTHAKIZ X 2 I S e~ ORI X E
FEGLICERT AW REMENE 2 b, ZORIZOWTIE
Lth— I OWAENLE & Bb/z,

WK & B B SR I ERIR L 220 7T A 23
i, FEZEEOESB L OSPAD HZ MIE L 724
FEIE 9 H e B £ 0V 19 H B HEAKRAIX CTld 1A 375 ML i
XEDEC WFnoETHMUHX L ) SPAD fE255
WZERHHS IR o7 (K7, 8). L7zh-T, £EN
P2 & fRE~ER I L 22 oM, B0 ERE B
LT RCOEQERFEFEN L o722 L b, HE
WAL W ENEZ LN/ Va— MIEKIZE > TH
AREECTHE L ARDHEIE L, AKIZIE A o 7258532 & JIREE
DREFBEORLDH L VRS TAET L L6 N
THBY (HEil - 114 1992), AFEER T SPAD A E A -
72l ZOHKT CRAT LHRITMIRECRAET
B X ) BOWIAANEIE % 2 EDER SNz, LaL, 2
NS DOFMOFEANTHEA LT CICHGT 2720 GEIL - L
A1992), HAKIZ X B EREHIA 5 & REENOTRIEL] A
KB 2 5 —EOME BVl Z 2RIl (K2, 5)
CRIALT TS D, T2, K29 H kLK
HIXTL I DX ) PR ET L0, FERR SPAD 4

IZIIBENEr- 72 (M7, 8). Ihbhb, Ya— M2
B B HAKBOWIH 2 HAEANDII ORI & FEOK X
S - EREOAHE - OLAKEES - MoOERGWINEET L DK
HEIZOWTIE, S HICFEMICHIE T 2 LD H D L E 2
b7z,

FETE O H AR BEKBAAGIX & 157 19 H St K G IX %
T5E, MXEDFEEDMEDS L CIERIHAKEZE R
PO S N7 R IR S 72 s, F o HHl B X OV E o 2
L EH S QIR 9 HARHEAKBIA X AR 19 H 72 3E7K B
BIXE D REL, REMLFEEB L UEHBEZEIAE L
o7z (K1, 2 4,5 6, £1). SHIHORKETRD L,
TALE R O EIHIAERE 9 0 BHKFIBEX DA TR 5
7278, AEFE O HAHKBIAAIX TR Z - 72 EATETH o R
HEAHRAE 19 H KB OMEMREL ) KEL, 2o
XOTFHEIH OGS A2 &) b EF LRSS SIHmL 72
WERICEB2DDTH-72(K3). £z, ZOEKICEALTH
FEFE 9 H 2 KBAAR X 12 B\ CHEKIE 72 o R K HIH] A 19
HBMAKBBIX & ) RED 7295, UL L TIERR
EWREDP ST EDNERNTH-72 (K4, 5). Thbo
LE X ZE B EoR S (M7) 3L UTSPADE (X 38)
AHRAE 9 H 123 KBAIGIX T 19 H A KBBX L ) K& o
2 EDREEEZ SNDS, KRGS R R L 2 b
NEDEHILTINSDEVEELODSH—IBOWE
ERETLHEEEEZ LN

EHE 29 H R KBBREZEOMEL X OERIZIZIZE
A EHRDEENEP > 7255 (M1, 4), EOARIZIZH
Hogsraons (K7, $habb, FEREEREZ
F L EARALI X T o> TWTEDE S EM 725720 T
BEHELETL N TE Rdh o778, 1B 9 H KB
TRIX CILLEE 5 BE~EE O REDSMLIRX L ) o722 &, IR
FE19 HRHARGBX CldZN L )DL EIEE TOES
W~5 11 EHEAIRX L ) o 7225, THOE 2%~
BRI HBRBAMGBX L) Erozl &, &
29 HiAMKBIMBIX TIEI NS X ) B8 9 E~4 15 %
HIMIX L) E o722 EAVREN, HAKBHGEIANE <
B EMEZIH SN LEDOEMA LMICEY, $HH 29
H K BIIGIX T b HEIITHENEND Z LD 50
oz, LA L, ¥ 29 HEHEKRGX Cld, #E9H
Bh 5 16 HBB KRB TAON L) % B EDERE
REEASN o722 L (X7) X SPAD o B &
bNhholl bl (M8, REROHF TIEEDM
RRMREZRET 2 ER IR SN L o7z, INH O
W s, EOERIZZEOAEREICHNTHEAKISH L TX i
JEKIZFUGT B 2 EAVRIE E N7z,

Bk
BRI LV EY - FE 28 0 1989 4F I DA Td - 72485

WSCE 2t & L CEBERE THZE 2 M LT, 1990 4
FEDOMADB ) & A X O1992 4F DT HEH OB
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LW TERPRZTEZHRIZOWT, 2016 FEEDL
B EEDOBLLRIGIINCE > TARE TR T A EATE
7o, F7, oM, AHEBREB IOABKFOTHEIET
ozl INARR=504 B X O - g SFRTGE Ry T
B TiRE L TR0 L & THIgEAM TN, BRI L
T, TTUTHECEHZLET.
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AL B0 2 SSHEE & izl & o Bk
- GHTHRABIEORTOD 9 FEHOF LRI TEE OB -

HEPREI] - ARAVE L

25 FHREHT LR BRBEORIC B 2 EWBER PR 1 FEOTIFER & LT, 2014 FFEE» 5 2023 4
EFEToYFH, BEEAFEOEEHEFATHMAE L OMBREHS 2T 57200 ELITo 72, FHAAND 8IS
WCTARYy My ALl EL S A% To7. @M THES N BEIZIFM T2 MMATLEHESN, va
) Hypsipetes amaurotis, * 2 Y Zosterops japonicus, 5 Y ¥ ¥ Ficedula narcissina, 7 7 4 A Cettia diphone, Y <7 7
Poecile varius O 5 FEDME 5T, ZN2N2EKD 296%, 13.0%, 8.3%, 7.2%, 6.3% % b7z, FeMiiizl & ORRIZD W THHT
L7-AE 8, b - WARECTIRET 2 BIZOW T HEARBEHEIC L 2 IEORE B - 2FCTRET 2 BI2D0 W TUIMEARED:
JEIZ X 2AOHE, S2ROMEEHEEIIOWTIEEBWESGFHIL 2 EORENPRKE W EAVRE N/ 72, AN 9
EMICEOEE, FEE, BEMEEOWIT LB L TBY, & It el b - 3R 2 ) 2 FEO WP K E 9o
7. TNHOERNS, HEAARO SFEICBW T, BIELTEHD O FILEBANOEBRIZ L 4 ) BRE ORI &
FIUZE b ) WARBORHA, BLOEBIZBT 2 EHRA & EEHEINIC X 2880 & > TEREHA T 2 @0 d
BT EPIRENTZ.

F—T7— K ORI, MR, TGERS, TR, sAREPALgER

Relationship between bird communities and forest vegetation in a peri-urban forest
- Analysis of the results of nine years of student field training in the Toyota City Nature Sanctuary -

Teruaki Hino* and Hiroshi Hashimoto

Abstract As a field practice for first-year students of the Department of Biological and Environmental Sciences in a
nature observation forest near Toyota City, Aichi Prefecture, we conducted a nine-year study from FY2014 to FY2023 to
determine the population of each bird species and its relationship to forest vegetation. A population census was conducted
by spot census at eight sites in the forest. Five species, Hypsipetes amaurotis, Zosterops japonicus, Ficedula narcissina,
Cettia diphone, Poectle varius, were dominant, accounting for 29.6%, 13.0%, 8.3%, 7.2%, and 6.3% of the total, respectively.
Analysis of the relationship with forest vegetation indicated a positive effect of herbaceous layer cover for birds foraging
in the ground and herbaceous layer, a negative effect of shrub-layer cover for birds foraging in the canopy and space, and
a positive effect of total vegetation cover for overall species diversity. In addition, the number of bird species, individuals,
and species diversity all decreased during the nine years of the study period, with a particularly large decrease in the
number of species that were forest-edged and used the ground and herbaceous layers. These results indicate that the bird
community in a peri-urban forest tends to decrease in diversity due to the increase in the shrub-layer and the decrease in
the herbaceous layer associated with the succession from deciduous broad-leaved forest to evergreen broad-leaved forest,
and the decrease in agricultural land and increase in residential areas in the surrounding area.

Key words: Bird community, Forest-edge species, Forest succession, Peri-urban forest, Student field training
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#a

IAFEOHRTALIZ & b 70 ) EHBASE R0 E R DL K,
M B O & BT O HREM/N & aRibe 8726 L,
SRR R R A R DN TE TS GBI - hEE 2013
Dale 2018). Z O & 9 ZIRPLIZ BV THBTTF /AR L2 A B
TALEHOREDEZEMNFEEF>TETWS (I - H
H 2001). HMICERT 2 SOBIETIE, HARA O E
T R B S S 1 2 bk 13 &% C OO B2SE BT
52BN TS (MacArthur and MacArthur 1961;
Karr and Roth 1971; Hino 1985). #RTTIEREAMTIL, IR
TR 2 EOBINREEI M TON R holaZ & T,
TESEIL SRR D & W ARIA SEMRAN E B SHEATB Y, Al
HREE DZALIZ X o TEEMHOZEALDE LT\ 5 W REMED
& % (Schieck and Song 2006). F 7, #RHICABARIZ A B
T4 B, OB oA L
D% 2 T3\ (Clergeau et al. 2001 ; Chapman and
Reich 2007). Z®7-&, #TEH Tl BEHEO R
M2 FRANC & o C, HMEECEAOREL(LE OBRE
HRD TN H 5.

LYK F BRI A W BREA E R T, AR E TR
BOBARBIEZOFIZB VT, 2014 FENS 2023 FEFEF T
D 9YAEM, 1HEAIZL 2B EBIGO 0O IEE & i
LTECWw5, BEHTHARBIZORIE, Tk REZATN
WARBICHEPR L, TR EARR#EIZOWTE L 5L T 5 H
BC, WEAOIREL PN X ) &ENCFEE SN o
—OTHhbh. MHEWIZIE, LrFyv—2  BRELZORLHE
L7zt A T v —t v ¥ — BRI D 720 OBORE DA
SNTBY, FLPEOBEBHBEIINTLL Y VY —0F
R 2ZFH I N TEDL, R LT, HE#EDR
%% SHITIZBWT ARy b v A X B EEEIHRAEY
Tol?EBOT— 7 I12E0nwT, Bofi, Mk %
R & AR & OBRB X OEZRILICOWTHHIT L 72k
BiZonwTHET 5.

ik

REH

MEZAT o - OIFEHTTHABEOKT, BHTOH
LT O RALHAY 4 km 127 E L, T 288 ha, 5
70-140 m O FEBEMICERE SN TEB Y, TANIER =M
EOHFMIBUZEED > T b (M 1b). &FEOBARERSIE
F T Quercus serrvata * T N~ X Q. variabilis @ & L
T2EIEILIEAR, Y 7T U A Castanopsis cuspidata % F10s
& L7 HRRILEBIR, A Cryptomeria japonica - &/ ¥
Chamaecyparis obtusa O NTHK, 7rbk, ®Hix o, i, 7=
O EEETRNBEETH S (HATFEOZ 2013).

BOEFE & FMELEDRE
IR R BB RN B B 1 A OBIE 5

=224

b

1. (a) A THLEMTHRBEROKZOME. B ik
OB . (b) BEOARY Ny 2A%475728 7
T D F A b D T

BE, 2014 4FEDS 2023 EEFTOS A LARL6 AT
W ECICEE 2 O L7z BARNOBREK 28 7T
OFA s HE L (K 1la), FHAICBWTEFHOR
A hhw Y NEEAGT 25 m #PFANOEOFEEE & fHER
Basifkl7z, 1 HOMATHII 2 |, FFELH T4
DOREZTV, 4G DOT =5 % A7 L CRAEFEOHLE -
fEfAEf e LCFE Lo/, FEMETTO 25 mfEHAB L
HSHEREOBICHR S N2 DWW IS O AFidk L
7o, AERIIHE 24 (B - BA) LAARBRORL ~
Vv — 2 ZNFEACRAT L CRUEBN A ORERR 2 1TV, T
HBOT—=FZOWN FLDEL I F v —F|IIBWTITko
7z.

TMAEAIC OV COFAIE, FEH L3502 2020 4 6 A
FAIZAT 5 72, 8 7 BT O &AM % L ISR 7%
EBEL7Z50mI74yED1I0mBEXG67HTIIBVT, P
#5m OFFEHHNDO 8 Oo0EE Dk (0 m, 0-15m, 1.5-3 m,
3-5m, 5-75m, 75-10 m, 10-15 m, 15 m-) Z & (ZHH
WA 10 % HALCRidk L7z, KA oEARE (0,
0-15m), AR (15-3 m, 3-5m), HAE (5-75m,
75-10 m, 10-15m, 15 m-) O EE, HSOREIT LI
FLER L 7B O L L TR 7.

ETHIIRTE
BHRANORESFTOE N (B, 22, % #Eb) 12
LoTHBE 45 4 TI2hF, FRIEDS VTG & 22
THRETA I/ V=T #H M ETRET 2 7V — 712507
7o, BTN — T O MR, ERofEE S EE L E
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MR BIERE 35 —BLBEERAE TV (GLMM)
FHWTEFIVEIRZITo 72, SHEHE LT, HAR,
BARRE, BABOKEOBE, FEWHEOGIMETH LS
JEHEEE (Karr and Roth 1971) & Zk1ETH 2 HERE B L1
(MacArthur and MacArthur 1961) @ 5 2% #i/H L T,
AICIC X B2 ETFTVEINEIT o 72, HAEHICO VW, E
AL (Pl =0, R =1) 1TV, LEILEM (VIF)
HIOLTFTTHLIEEMELL. COFIIZMAT, &
VI AOL b QR C L0 S NOY L b @l i~ @l B2 P 3
DEZALEFAND 72012, S E L CRERG» S O
5 (2014 4E = 0) 2 L2, WFRoSHIZBWTH
BCERETE IR S BRI O WTIRET Y o5 (Y vy
IR D), RS OWTIRIER S A ()~ 7 B
WH) BIREL, AEHEOENE S VAL L.
BOMERME L ERBEEHEILY v 7YV SHEREE T
WOk 72 BOMEEORMERRY: L B0tk
ZIEWE, BOREKEREREE L OBRTIIAE TV Y
NEAZARBY ([EMEALFEIE ) 2 Tt L7z, Wi ol
2B T, RStudio (VN— 3 > 202306.1) & R (N— 3
> 431) AR

nn%

9 fE M CAIR A M S D% 25 m DFPH TS SN2 R

oM L ARHEASIE 24 1, 1270 ik CTh - 72 (%
1). k& = ¥ Hypsipetes amaurotis, A ¥ T Zosterops
japonicus, ¥ Y ¥ X Ficedula narcissina, 77 4 A Cettia
diphone, < 7 Poecile varius ® 5 FH 5T, Z
nEN2ED 296%, 13.0%, 83%, 72%, 63% % H7=. 4
ROMBEBAEBDOEL HIZBWTLH L TR b £ <
i 8 THRL Dol B - BHRETHRAET S BILE
AT 141, 1018 AT, 4fk& FkRICTEEL & M om
HIZBWT, i1 TROE L, WE8 TRV Lh o7z,
ZSH LT, M- EARETRAET S 51, &K T 10,
252 AT, TEHUIHA 6 TID L (M5 Ted A%<,
EAKII S 3 TRV LSS TR Do/ &k
DML 1ML 0868 T, WA 3 THROIFEL, HE7 THRD
KL o7z,

BE T OMAEREO ST AR TERY, Sk
ot 3IEEARRE, T 43R, M7 IS ARE OB
PO TE , Hri 5 &Mt 8 1L F AR OB A
ORI HARTLC, A2 L 61X DEOHED (T
BFEEETH-7- (M2). EEHEIL B3 TRIEL,
T4 THROED> o7, BREESHEIIHA2 TROEL,
WiT 3 Tmbihorz (£2). BHEL HBMEA LD
FRAZOWTHAHT L2458, BEEoOBEIZ OV TIZREARE
BRI X A IEDFEE, B - 2B CHRET 5 B
OWTIHEARBHEIC L 2 8ORE, WL - BARECTRAE

#£1. AEHSESAIIIBITL 9 FEROMT L OBISEMAEL, B (TR) - 22d (AR) ETRAETLE LM L (GR) - HAK (BS) ET

TRES 2 B M AR RS

B2 FH BB 1 2 3 4 5 6 7 8 &it
YravFan Terpsiphone atrocaudata AR 2 1 4 2 4 13
FERF Ficedula narcissina AR 15 11 9 15 10 18 14 13 105
FF Y Cyanoptila cyanomelana AR
TRy Eurystomus orientalis AR
>V avhT Parus minor TR 6 8 8 4 9 16 8 5 64
YhHZ Poecile varius TR 17 12 7 1 8 21 8 7 81
sl Aegithalos caudatus TR 17 5 5 2 5 1 1 36
XA Zosterops japonicus TR 31 12 19 21 27 16 22 17 165
3Ry Hypsipetes amaurotis TR 63 48 42 44 40 46 59 34 376
HrravoA Pericrocotus divaricatus TR 11 9 7 8 6 6 5 3 55
A4 Hv Eophona personata TR 1 1 1 3
v &AL A Phylloscopus coronatus TR 3 3 10 1 1 5 6 29
T AN Treron sieboldii TR 1 1
RERER Cuculus poliocephalus TR 2 3 3 4 2 2 2 3 21
a5 7 Dendrocopos kizuki TR 10 11 8 6 13 5 9 62
THTZ Picus awokera TR 0 0 1 1 1 3 1 7
TIA R Cettia diphone BS 9 16 29 7 3 12 5 10 91
T X Urosphena squameiceps BS 5 9 8 3 3 3 11 10 52
HhT77ke7 Chloris sinica GR 5 1 2 2 2 2 1 15
RATO Emberiza cioides GR 1 1 1 3
AR A Passer montanus GR 5 3 8 5 1 4 1 2 29
Ly RY Spodiopsar cineraceus GR 4 5 4 13
FONE Streptopelia orientalis GR 1 1 2
NRY AT A Corvus corone GR 1 1 1 2 1 1 1 8
N TRAT A Corvus macrorhynchos GR 7 4 5 3 3 2 2 4 30
a4 Bambusicola thoracicus GR 3 2 1 1 1 1 9

AR - TR 13 12 12 11 12 11 12 10 14

1B BS - GR 8 7 8 7 6 9 8 7 10
21 21 19 20 18 18 20 20 17 24

AR - TR 178 123 123 102 116 148 135 93 1018

(ElES= BS - GR 36 39 58 25 14 27 24 29 252
25 214 162 181 127 130 175 159 122 1270

BLERME ENES 0.864 0.870 0.890 0.825 0.839 0.875 0.820 0.865 0.868
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sm- @ | @ | ® ) TLEOHEHIZOWTITERBHED L IZ&BHEICX
10-15m . .
Tt B — o b LEDHEARE VI EARENL (£3). EERID
ol - . . WTIE, BAfk B - ERETRET 26, Wl - B
e [ B F Egﬁéﬁa‘é BOWTIIZBNTY, @2&1@%&@:;5{
o I BN s 1 DEBIREN, EAREHEEE L EARBHEICOWTIZET
E 0 50 100 0 50 100 0 50 100 0 50 100 c J: - '(_[E 2: /‘%\ 0)%7:‘2 Z) ﬁ"ip,j* é ﬂf\_ (%\5{ 4) *E%
B e m e . m ﬁ[&k IZOoWTlE, EREEEICLDZIEDRENRKE L, HAR
e © Bm° Bm? = T & SR AT & 2 EORE S X ORI & &
_7.5m - B 81 N \
:_;; = = = = T%%&F%_;éé\@wa@%wm AIC fE D\ B E
1.5-3m = = = - FIVTho7 (3£5).
o — L BAefk, BT - 2B TRET 58, WL - FARE TR
om0 ® *L:m;w oo 35 B0 L MEEB L OHEZEEOWT iz WT
) g b, 9EBTHEZICHA L (M3, %£6, £7). Bl
X 2. S 8 HFTCBITD MW E DS 2L D55, ’ - o
" KESHOHE - BARECIRAET 2 B0 L BHEROM
£ 2. BEHLE S A BILEARE AR - HABOK B, 2BHEE (FBOAED, EBELHE (BBOSENE)
REH S ©) ® ® @ ® ® ©)
EARB >5m 22.5 36.0 20.0 11.3 35.0 41.3 45.8 48.8
BWE (%) {EAKEB 1-5m 25.0 41.0 41.7 30.0 32.5 28.8 23.3 42.5
BEARE <Im 63.0 48.0 86.7 13.8 18.8 38.8 18.3 21.3
LBWE (%) 110.5 125.0  148.3 55.0 86.3  108.8 87.5 112.5
EESLKE 0582  0.662 0562 0598  0.646  0.659  0.611  0.634
£3. fk BE-EhRBCRETLE, WL EABCIRETENOMME BNEN, AR KR EABOKBE, LB,
B SIRE % SE R, A% 50 DR LT 72— AL R A7 VIS L2 5. AICH <2 DEF IV ART
=+ P<0.001, ** P<0.01, ** P<0.05
7L T ERBRE BABRE SABRE LEHE EBSZEE  AIC AICE
2k
1 2.021 *** 0.104 * 344.2 —
2 2.020 *** 0.126 ** 0.054 345.0 0.8
3 2.020 *** 0.114 ** -0.032 345.7 1.5
4 2.020 *** 0.123 * 0.035 345.7 1.5
5 2.021 *** 0.071 0.040 346.0 1.8
6 2.019 *** 0.144 ** -0.043 0.064 346.1 1.9
BT - 2B BlE
1 1.738 *** -0.113 * 0.149 306.0 -
2 1.743 *** 0.081 . 307.3 1.3
3 1.743 *** 0.080 307.6 1.6
4 1.741 *** 0.108 0.066 307.9 1.9
HE - BREF AE
1 0.560 ** 0.166 * 239.8 -
2 0.561 ** 0.165 * 240.3 0.5
0.559 ** 0.060 0.117 241.6 1.8
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F4 R BHE-ZEPETRAETLE, M FORE TR T2 SO R EE BIA R, E*Fﬁﬁ¢3$$ % BeRE, AL,
WSR2 AR, AT %2 T 0 7 LR LTI T o 7o — AL AR & B TOVIC L 200G . AIC# <2 DETIVEIRT.
*** P<0.001, ** P<0.01, ** P<0.05
T ilay BERBWE BEREWRE - SRERE SEWRE EERZEE  AIC  AICE
21
1 2.933 *** 0.107 **  -0.092 **  -0.066 * 4679 -
B - ZHRERAE
1 2.602 *x* 0.164 -0.164 ** 0.140 *** 451.9 -
2 2.603 *** 0.033 *** 0.032 *** 4521 0.2
# b - BARESNRE
1 0.973 *** 0.974 **x* 306.1 -
0.971 *** 0.289 *** 0.089 306.3 0.2
0.973 *** 0.326 *** 0.011 308.0 1.9
K5 BEROMELHELBNAY, SARE - KRB - EABOKEIE, ST EEESSELHIEYR, FAdintsya
R E LT o 72— AL BNR & 7OVIC X2 06 R, AIC 7 <2 @E 7 )V &R S, ** P<0.001, ** P<0.01, ** P<0.05
ETN UhE  ERERE EAERE SRERE 2BIFE  EEBS%HKE  AIC AICE
1 -0.248 **x 0.009 0.032 . -150.2 -
2 -0.248 *x* -0.006 0.044 ** -150.2 -
3 -0.248 **x 0.041 *** 0.005 -150.2 -
4 -0.248 **x -0.003 0.040 *** -150.1 0.1
5 -0.248 *** 0.043 *** 0.019 -150.0 0.2
6 -0.247 *x* 0.036 *** -1495 0.7
7 -0.248 **x 0.032 0.016 0.017 -1495 0.7
8 -0.248 **x -0.012 0.044 *** 0.012 -148.8 1.4
9 -0.248 *** -0.008 0.047 ** 0.006 -1486 1.6
10 -0.248 ** 0.041 *** 0.006 0.018 -1483 1.9
11 -0.248 *** 0.006 -0.005 0.038 -148.3 1.9
12 -0.248 **x 0.022 0.008 0.021 -1483 1.9
13 -0.248 *** -0.006 -0.003 0.044 *** -1483 1.9
LHFRIZRE o7z PHIOED 2018 & ) HIOE (2014 BEThotz, T, B Y TRELRFARICBITHE

- 2017) L) bEOE (2019 - 2023) TH
Lholz0ik, =F+H (P=00012),
N/
N T NHF A (P <00014)
w7 A A (P < 00004) ASHIAEREE
Brua7z 8 SRR THEZIL DT TIE, #521F SR s

0048), AZ X (P = 0019),
TERVHIA (P =00078),
DOFETH-72. T,

(P = 0.0002),

FHE A
ANEER (P =

A\

fE A5 AT, v E R,

AD4FEII—HLTBDY,

Thor:.

Avna, ¥¥sx v 4

YVav g (RlE6f) &
Y=g (E=80) Y TRETH) OHDHES TWI22T

EEE=S ) Y TREITORL TN a T A

PO EAEDRHREOENHENRTHDL Z 0, Rt

H AR LB TS % 27,

ZD XD ML 725

L7z (r,= — 0833, P<005).

EE

4E] 25 # T OFFR T 7 H A T 2009 4E2HATHILTWY
Lk EE =5 ¥ ZiREMTbITW S (BRRAE HIRER
RIRAEM SRR v — 2021). 2020 FEOFAIZB T S
FIgREEIL 248 (13 - 36 M) TH Y, Ak & [

HHROBHFETHLEEZLND.

EARE - BARE - ERBOZEOBEIIZNENERE
B g HGA e LTCHHATABICL s TERELERT
%% (MacArthur and MacArthur 1961 : Hino 1985). #b
L EARETHRETIBIZOWTCITEREBWEIZL S IE

DRENPREINT. FAXEBIIBNTIE, YHELEDE
ARETEE - REEZITH) V7 A ALY TH X Urosphena
squameiceps DEELDS 2 L 2 Hh FTHE - REZAT
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6. AT O LD AEFHMAKE, #E (TR) - 22 (AR) BTHRAETLRELHM L (GR) - A (BS) BT
AT DO EAFHEAELD 9 FEHROFEHIZAL. £ o 3FAH ST o 25m #HEHSE B L O R A E)
DERICBIZE SN 2R T
(e a4 REBAT 2014 2015 2016 2017 2018 2019 2020 2022 2023 A&t

YravFay Terpsiphone atrocaudata Zeh 1 5 1 3 2 1 13

Fex* Ficedula narcissina 2= 11 19 19 6 18 6 16 5 5 105

FAILY Cyanoptila cyanomelana pels * *

TyRTYY Eurystomus orientalis izt * * *

¥avhI Parus minor [l 6 11 4 4 5 8 15 7 4 64

YehHZ Poecile varius 18§ 2 16 14 12 4 10 12 2 8 80

IFH Aegithalos caudatus [ 5 11 4 8 * 1 1 6 * 36

X0 Zosterops japonicus [ 15 21 39 19 20 10 23 15 3 165
=N Hypsipetes amaurotis Bk 24 47 60 49 47 33 18 55 43 376
HYravoA Pericrocotus divaricatus il 1 10 12 1 10 10 4 7 * 55
A4 Hhu Fophona personata [ 1 1 1 3
YA LA Phylloscopus coronatus &k 1 5 1 9 4 6 1 2 29
TF /N b Treron sieboldii [ * 1 1
HEFFEZR Cuculus poliocephalus [ 10 3 4 4 * 21
ar7 Dendrocopos kizuki [l 6 9 8 4 12 5 5 11 2 62
THETZ Picus awokera 18 - 1 1 1 * 1 * 3 7
T4 R Cettia diphone 3 1 13 17 12 20 11 9 6 3 91
YT X Urosphena squameiceps 2 1 6 8 9 6 8 6 7 1 52
h77e7 Chloris sinica # 1 5 1 4 * 4 * 1 15
AT O Emberiza cioides #h 1 2 3
A XA Passer montanus #b E 15 3 2 4 * 3 27
Ly FY Spodiopsar cineraceus Mk 1 13 14
FUNE Streptopelia orientalis ok * 1 1 * * * * 2
INRY BT R Corvus corone H 1 7 * * * * 8
N TRHTR Corvus macrorhynchos #h b 2 4 8 2 9 * 1 2 * 30
aAvarsA Bambusicola thoracicus b * 1 2 1 2 1 2 * 9
AR - TR 11 12 10 11 12 13 12 12 13 16
&5 BS - GR 8 10 7 8 8 7 6 6 6 10
ESEN 19 22 17 19 20 20 18 18 19 26
AR - TR 84 154 162 110 130 91 106 113 69 1019
B3 BS - GR 7 66 40 30 39 27 17 21 4 251
21K 91 220 202 140 169 118 123 134 73 1270
ELRME 21K 0.859 0.909 0.845 0.831 0.866 0.874 0.888 0.797 0.628 0.868

£7OF B ERRECRATLE L mRETRATLENOMEB LM, SfoE

UM ARE E LR O FEZUIOWTO— AL A 7 W X 25T R
LCA RG5O 4EH (2014 4 = 0),

ETNOHIRT. ™ P<0.001

BIUGES o

A DENE T YL ELT, AIC IR/

s REL AIC
R ESEN 2.322 *x* -0.065 *** -150.2
R - ZHERNBE 1.947 »*** -0.047 *x** -150.2
Wt - ERENRE 1.179 *** -0.119 *** -150.2
-150.1
BiE = 3.16 *** -0.045 *** -150.0
R - ZHERNBE 2.80 **x -0.041 *** -149.5
Wt - ERENRE 1.63 *** -0.116 *** -149.5
-148.8
BLERME 2 -0.136 *** -0.024 *** -148.6
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—@—TR-AR —A—GR"BS

B R%

2014 2015 2016 2017 2018 2019 2020 2022 2023

25
—@—TR-AR —A—GR"BS

20

15

EH

10

0 1 1 1 1 1 1 1 1
2014 2015 2016 2017 2018 2019 2020 2022 2023

3. b EABTRAZT ) BOMMEEEBOTIHMH (1
HERRGE) DAL,

9 a3 2 4 Bambusicola thoracicus 75 & H3EARJEHLEE D
FEWEIEANOEE T W EEZ bNL. FEMIZBWT
TEARBOZEMZFHTLEE LT, AEEOLZVFLE S F
BD, ZORBIIHRANERINT 2 BEICROD T 2 BL
2EMRFF O TB VRN LRAEDI-OIZIEH B BEDZE
BVETH D Z L0 s, BAREHEE ORI~ FELT
EEVEEZ ONL, FHREEKICAERT 5 BOML I
EEOLEBEEROBIEL LT, SBHEOLHEETH S
R E LS (MacArthur and MacArthur 1961), &5t
HTH 5 EEHE (Karr and Roth 1971) 285N Tw5b
B, KR TREREEORRPKRE o7z, L Lad
5, IS O REHGEORIELDINC, BHEOL DS D
LA BmODDICEELZERNTH L Z LB EFH ST
W5 AHY (Hino 1985), ZANFHAS CILFHA L C OB 1%
RN TRV, REMNOERBIZIEAF - v/ F
EOFEBPEL LTV LGNS Y, BOSRRMEE KD
TV RN S 57280, SR IEHEER D &0 TR L
T REND .

9 EH OMRBTI AN F D CAEBALDFITIZ L 5T, %<
O EDRAEIZH Y, & Il - EABTRAZIT)
FH COBMIHPIE TH - 7. EEOHFK I 71 MEK
Be=r) A TIE, ®E 0 FERICZT T, 774 R,
A MFEZ (D74 AHEIT HHE) A EOTRERATE
BERWAELIT ) MOBAERAPHE SN TBY (BREL
Aok R AWM S Y > — 2021), KRWfETRENT
WL =T 5. EESMICEAROMINL =R Y
7 ORAN L B TRHLEDHAI ST, €D &) =G
FIAT 5 B0 D ENL# THRE ST (Hino
2000 ; BLH S 2013 5 BY - #EAK 2017). 7z, Hilitke LT

FIH ST E DR BEBARDEER R ALY 25T % <
V) WAL BN OB EL 2 LT, FikEEROR
ARSI AL ) HAFEAK T IC X o CTPREMA 2 M S
HHIEVPHON TS (FBEA2017).  HEIEILFEB A
5 ARILEBARI TR B ANMES 2 LI X 2 BEFEOE
LIZDVWTOREIIITONTE TR VD, HREEDOS
MEBLTNDE S FESERELLHNS A4 T TOLEHIE
OBEMETOLEKTIX, TRE2MHATLIYIIAALEDE
HEZFDL ) HBIZFEINT AR b FF AL EIZB W TR
RS TOHBERPERNC ERRE SR TS (&5
1996). FAEMTH 2 EHTHARBZOKRICBV T, =
R VA OERBIE L NIl FDOREII NS W EE 2
NGNS, FEIEILTEBIRAD & H AL TR IR ERE~D
RO NG 2 Eh s (BARER, RKIEL), bl - K
KEWEDOW L DIRRE 7> T AWHEMED D 5.
HAEBE DO B TELAELBE L Tw
HMBEOBEDH T, AZX A L7 FY, NV T
Z A, NIRRT AR L T, EH
A& ©TE =5 T, 2010 4E 2 5 2020 4 o M 12
BRI AR 2S 9% M/ T A — 5T, EHEFEAT11% ik
KL Twb (55 https//www.pref.aichijp/kikaku/
aichivision2030report2022/2-2_nishimikawa.pdf). A A %
EA7 FOILEHICNT A IKFEEORVWEE TH L Z &
5 JEIIT o B O TR RE M L o T, 1S, BHIC
X4 BIRAFEDEN T T A 2 FIIATENE % SRk & %
WANEBLZEIZLo T, AEMCOEEKE Y D S &
TUREMEA D
RFENGFEFEE & L TfTh ez, 77— OfEHEE
LB OFMAIL RS L@ v, L Lads,
[ LA IZBW THRNIZT — 7 2 £ T 2 & T,
TR BT 5 BB LAl & OB Z S 202§
B ENTELED) TR, FEILE OHIBERE?S &
HHEEOREK & S AR DS TRARERS & DI o> - i F) FH 224 L
DREERZIT TSR A RR T2 2 L5 TE . FA
HHTOFAEEFIILHBIWESINL FEICR > TWET:
W, SHICEMMRELZEBIRL T -4 2L Tz
ET, AR THRR LA OMGEE & & 5 1236 < AR/
BAMASUEEIL > T EHAfFCE .

A E

C OFIENI IR R A BRI R A 1 I L B
BRI B O—B L LT 2014 SEED S 2023 EEF
TEMEN. FEEOEFIZBTIE, BHTHARBE
DHFEAAF ¥ —t ¥y —OKRMEZIK, NBEIHIK, FE
KERZIILDETHL VY ¥ — OEREIZIIERFH O
WAEW72E, FAOTAERAT LB L 725 O L EE
BICOWTOMIER L W27 e, RAEFED 1 FEAEEDS
FEFNEBIZ Y M A, KEREAIZIE TA & LTHEDOY
R—=FZ2W2nWi BRICLE D IEHWA LT3 K5



24 Sci. Rep. Fac. Agr. Meijo Univ. (%3 E222%H) 60 (2024)

B, BWRFEO [FU0a32=74] o7adcr b
WL DD —HTH L.

51 A3 ak

Chapman KA, Reich PB (2007) Land use and habitat
gradients determine bird community diversity and
abundance in suburban, rural and reserve landscapes of
Minnesota, USA. Biological Conservation 35: 527-541.

Clergeau P, Jokimaki J, Savard J-P (2001) Are urban bird
communities influenced by the bird diversity of adjacent
landscapes? Journal of Applied Ecology 38: 1122-1134

Dale S (2018) Urban bird community composition
influenced by size of urban green spaces, presence of
native forest, and urbanization. Urban Ecosystem 21:
1-14.

FEARKA (2017) EFERAZBIT 2 3 F 7 RO HEE HAR
PRI =k D 7 LERIR AL R T B O
DZEMZ S | A A HESAITZE 22 ¢ 299-310.

Hino T. (1985) Relationships between bird community and
habitat structure in shelterbelts of Hokkaido, Japan.
Oecologia 65: 442-448.

Hino T. (2000) Bird Community and Vegetation Structure
in a Forest with a High Density of Sika Deer. Japanese
Journal of Ornithology 48: 197-204.

G - BIRGST - WEHEEZ - BOARHER - ZEHZERE (1996)
BRI & HEHT 5 B OMR . Strix 14: 33-39

RIRA BRBESE REM S M ¥ — (2022) 2021 4F B
EFUERERERMBE =5 ) v FiEtE S (P B
1) PSS, BREA, R

Karr JR, Roth RR (1971) Vegetation Structure and Avian
Diversity in Several New World Areas. American
Naturalist 105: 423-435.

MacArthur RH, MacArthur JW (1961) On bird species
diversity. Ecology 42: 594-598.

HAE BOS (2013) SHilTHKRBIEORTA N7y 7 -
HOMENZ AT ) L S

B - SRR - haEEIE (2013) AAREE HGHIRIZ 5
A B O BEREDOEE IR VI OEE
JEAb & B T — PRAEREEAISE 18: 121-129.

Schieck J, Song SJ (2006) Changes in bird communities
throughout succession following fire and harvest in
boreal forests of western North America: literature
review and meta-analyses. Canadian Journal Forest
Researh 36: 1299-1318.

B — - BEARKAG (2017) =K v P HOWEIZL L HMD
TRefEETE & BAEIEE & OB E LI CRHET 5 . T
EIANKIATE)ZTT7 945 — 62.

AR - NEEFIGL (2013) WO BEHEICEET S
ZERICHT A2 ROBIRERE. 72 FAT — T HWh9e

71: 299 — 308.

W s — - BIFIER (2001) #RATLBAIZ BT 53— F
FvF TR N OERIENT. HTRFARAIEE
MRS 32: 49 — 59.



Scientific Reports of the Faculty of Agriculture, Meijo University (%3 AKESH ) 60:25 — 35 (2024)

25

I

]

=1

Measuring the Structure of German Citizens’ Awareness of
Landscape Conservation: The Case of Liineburger Heide

Shintaro HIRAKO ", Yuki YANO 2

Abstract
are important to communities. To preserve these landscapes, it is important to increase public awareness of landscape

Natural landscapes formed by socioeconomic activities have both cultural and recreational functions that

conservation, to identify those citizens who will be active in this process, and to emphasize the importance of these
landscapes to policymakers. This study considers the ideal form of landscape conservation and seeks to clarify both the
awareness of those who are conservation minded and the conditions needed to promote social consensus regarding the
environment. The study focuses on the case of Lineburger Heide, one of Germany’'s most notable nature parks. Survey
data collected from local subjects is used to identify the factors affecting their evaluation of the value of landscape
conservation and the degree of intention to participate in landscape conservation activities, employing the ordered probit
model. The findings show how citizens™ attitudes and willingness toward conservation are determined based on their
experience with this place.

Key words: Luneburger Heide; Landscape conservation; German citizens; Public awareness; Ordered probit
model (OPM)

FA 2 RO SR BUR AR 2 Rk & ORI
sV a—RTNF =N FOHEH -

PIRBORER ' - REFHif >

5
W2, mElE MRS 5720120,

HAREEEIC X VR SN BARBUL, L > TEEL LML L 72— a3 VIR A L C
BRSNS 2N SO, 9 L7 L CRmIIZ S35 R % 5

ET A EIIMA RBOEEE 2 EHRELFIIRRT 5 2 ENERTH L.

KIFgeld, wBliReE0d ) FEEEL
DOVEENEHHT 52 2 HWE L7z
ERRE L7,
Brhz ZENZEF 7Oy METIVICL DIFE L 7.

ENTFiAES

D

BB IO 2 HO A2 OB, B X OB A2 T 5 72
FAYTRLEXLGEHRAED 1 DTHAY) 2 —FTNH =N AF
B O ZEH D SIE L AT — 7 2 vy, mBIREOMMEETN & SR ESEEI~O SO BT 1252
PR L Y, Rer@B U ROBERLEDIZ, o8

XS B RECIEIE 5 EORERIZ DO N TIREINDL T L RIRL T,

F—TJ—RK:Ja—2T =N, TFT FREHRE

1. Introduction

Natural landscapes formed by socioeconomic
activities such as agriculture and forestry have both the
cultural aspect of fostering local traditions and unique
folklore, and the recreational aspect of providing people

! Faculty of Agriculture, Meijo University, Japan;

U IRR S B A R IR AR R IR R A e R

* Graduate School of Horticulture, Chiba University, Japan;
PR REREAEEMIERE Ty RAT — 7 - RRIE R
* Correspondence: hirako@meijo-u.ac.jp; Tel: +81-52-832-1151
* FALFE : hirako@meijo-u.acjp; Tel: +81-52-832-1151

2023 4F 11 H 29 H=fd 2024 4F 1 H 20 H#

FA VTR AR

HF oy NEFIV

with peace of mind. In Europe, protected areas, such as
nature parks, have been set aside to fulfill the dual roles
of preserving and utilizing natural landscapes.

For example, protected areas in Germany have both
cultural and recreational aspects. Sixteen National Parks
(214,558 ha in 2015) make up 0.6% of Germany's land,
with another 103 Nature Parks (9,946,967 ha in 2016)
making up 27.9% [1] of the nation’s land. These areas thus
comprise a large portion of national lands. At the same
time, there are many interfaces between the creation
and maintenance of local resources and the living spaces

of citizens. Therefore, in order to maintain and manage
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nature parks where sightseeing is possible in addition
to cultural and natural landscapes, it is important to
identify those citizens who will be active in landscape
preservation and to emphasize the importance of these
landscapes. This topic is of great interest to policymakers
involved in the development of landscape conservation
programs and civic groups that provide public awareness
of landscape conservation.

Natural landscapes and environments are called non-
market goods. They are not priced themselves but are
expressed in monetary terms by applying the contingent
valuation method (CVM) or travel cost method (TCM)
to estimate consumers’ willingness to pay (WTP) for
their conservation activities and uses. Taking the rural
landscape as an example, these frameworks have been
applied to the conservation of agricultural water turbines
[2] and the willingness to pay for admission to agricultural
parks [3]. Such issues tend to be dealt with in the fields
of forestry economics and ecological economics. In
Japan, prior studies include Environmental Conservation
Tax on Water Sources [4], Fundraising Required for
Protection and Management of Daisetsuzan National Park
[5], Charging a Fee to Climb Mt. Fuji [4], [6], Charging
a Fee to Climb the Shirakami Mountains [7], and A
Nature Restoration Plan for Kushiro Marshland [8], while
overseas efforts include Forest Eco-System Services [9],
An Evaluation of Nature-Friendly Tree-Planting Programs
in Germany [10], and Measuring the Willingness to Pay to
Avoid Conflict between Forest Recreation Objectives in
Denmark [11]}

However, nature parks in Germany generally
do not charge admission or entrance fees. Because
this hypothetical situation could lead to biased WTP
estimates, we do not estimate WTP, but rather use
citizens' evaluation of the value of landscape conservation
and the degree of intention to participate in landscape
conservation activities as the dependent variables,
applying the ordered probit model (OPM).

This paper uses Liineburger Heide, one of Germany’s
most notable nature parks, as an example. Through
specific citizen consciousness towards the natural

landscape, this study clarifies the structural awareness

! Some case studies conducted in Germany focus on issues, such as
public awareness on forest conservation [12], a trade-off between the
provision of ecosystem services (ES) through landscape conservation
activities and socio-economic activities [10], [13], and adjustment
process of plan formulation regarding forest management including
conservation of forest landscape and ecosystems [14].

of citizens who are highly cognizant of landscape
conservation and points out the conditions needed to

promote social consensus.

2. Luneburger Heide and Nature Reserves in
Germany

2.1 An Overview of Lineburger Heide

Close to Freie Hansestadt Bremen and Freie
Hansestadt Hamburg, Lineburger Heide is a nature park
spread over the northeast part of Lower Saxony (Fig. 1).
In the past, the Luneburger Heide district was a high-
quality salt production area. During the salt-making
process, timber was used as firewood, and unplanned
cutting led to overharvesting of forests, leaving only
“Heide,” or wasteland, with wild-growing shrubs and
Erica cinerea. In 1921, the entire area was designated as
a nature reserve, and deforestation ceased. In general,
automobile traffic is banned in Lineburger Heide, with
only tourist carriages, bicycles, and pedestrians allowed to
pass through Heide. Currently, in addition to tourism,
sheep farming and beekeeping are popular. These
activities help maintain and preserve the landscape of
Heide while strictly regulating vegetation and ecosystem
disruption [15]. Lineburger Heide surrounds the town of
Undeloh and, because it is so close to a residential area, it
is accessible without paying entrance fees.

")‘ . Hamburg
{

‘ g Winsen

Bremen

Fig. 1 Location of Luneburger Heide. Source: Official website of
Luneburger Heide
https://www.lueneburger-heide.de/
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2.2. Framework and Definition of Nature Reserves in

Germany

Protected areas in Germany are governed by two
frameworks: federal law, which covers the entire country,
and state law, which is formulated by each state. Besides
nature conservation areas (Naturschutzgebiet), landscape
protection areas (Landschaftsschutzgebiet), national parks
(Nationalpark), and nature parks (Naturpark), which
are Germany's own systems stipulated by the Act on
Nature Conservation and Landscape Management (Gesetz
tber Naturschutz und Landschaftspflege), there are
also the EU’s Natura 2000 and the Biosphere Reserves
(Biosparenreservat), which has been recognized by
UNESCO [1]? Each of these is defined below.”

Nature conservation areas are stipulated as follows:
“(1) Nature conservation areas are areas that have been
designated in a legally binding manner and in which the
special protection of nature and landscape as a whole, or
of individual parts thereof, is required for the following
reasons: 1) in order to conserve, develop or restore living
sites, biotopes or communities of certain species of wild
fauna and flora, 2) for reasons of science, natural history
or national heritage, or 3) because of their rarity, special
characteristics or outstanding beauty.”*

Landscape protection areas are defined as follows:
“(1) Landscape protection areas are areas that have been
designated in a legally binding manner and in which
special protection of nature and landscape is required for
the following reasons: 1) in order to conserve, develop
or restore the efficiency and proper functioning of the
natural balance, or the capability of natural resources to
regenerate themselves and to be available for sustainable
use, and to protect living sites and habitats of certain
wild fauna and flora species, 2) because of the diversity,
special characteristics, beauty or special cultural-historical
significance of their landscapes, or 3) because of their
special importance for recreation.”

National parks are stipulated as follows: “(1) National
parks are areas that have been designated in a legally

2

To summarize these designations, there were 8,676 nature
conservation areas (1,378,410 ha in 2014), making up some 3.9%
of national land, 8531 landscape protection areas (10,017,634 ha in
2014), making up 27.9% of national lands, 16 national parks (214,558
ha in 2015), making up 0.6% of national land, and 103 nature parks
(9,946,967 ha in 2016) making up 27.9% of national lands. There were
also 17 biosphere reserves (1,311,636 ha in 2016), making up some
3.7% of national land.

® The descriptions in this section are based on the Federal Nature
Conservation Act - BNatSchG “Act on Nature Conservation and
Landscape Management” [16].

' §23 of Federal Nature Conservation Act.

> §26 of Federal Nature Conservation Act.

binding manner, that are to be protected in a consistent
way and that 1) are large, largely unfragmented and
have special characteristics, 2) fulfil the requirements for
a nature conservation area in the greater part of their
territory, and 3) in the greater part of their territory,
have not been affected by human intervention at all, or
to a limited extent only, or are suitable for developing,
or being developed, into a state which ensures the
undisturbed progression, as far as possible, of natural
processes in their natural dynamics. (2) The purpose of
national parks is to serve as areas, in the greater part
of their territory, in which it is assured that natural
processes, in their natural dynamics, can take place in
the most undisturbed manner possible. Provided this is
compatible with the purpose of protection, national parks
may also serve the purposes of scientific environmental
monitoring, nature education, and enabling the general
public to experience nature.”

Nature parks are stipulated as follows: “(1)
Nature parks are areas that are to be developed and
managed in a consistent way and that 1) are large in
size, 2) consist mainly of landscape protection areas
or nature conservation areas, 3) are particularly
suitable for recreational purposes by virtue of their
landscape assets and are areas in which efforts are
being made to encourage sustainable tourism, 4) are
intended for recreational purposes in accordance with
the requirements of regional planning, 5) serve the
conservation, development or restoration of landscapes
characterized by diverse uses, and of such landscapes’
species and biotope diversity, and, to this end, are
sites for endeavors toward sustained environmentally
compatible land use, and 6) are particularly well-suited
to the promotion of sustainable regional development. (2)
Nature parks are to be planned, structured, developed and
improved in accordance with their purposes as outlined
in (1), with due regard for the principles and objectives of
nature conservation and landscape management.”

While there are certainly some differences in
definitions, the decisive difference between national parks
and nature parks is that the former aims to protect the
ecosystem by eliminating human elements and influences
as much as possible, while the latter combines nature
conservation with recreational use and also allows for
regional development [17], [18]. Additionally, nature parks
are often designated as nature conservation areas or
landscape protection areas to enhance their protection [17].
In other words, nature parks allow for the coexistence

§24 of Federal Nature Conservation Act.

7§27 of Federal Nature Conservation Act.
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of the seemingly conflicting conservation of natural
landscapes with an economic factor of recreation and
are deeply intertwined with German society. Therefore,
the question of what citizens think of nature parks and
whether they are interested in landscape conservation
is of paramount interest in balancing these coexisting
landscapes. Thus, we chose a nature park rather than
a national park as our research subject and focused on
Luneburger Heide, one of the most famous nature parks.

3. Materials and Methods

3.1 Modeling

The value of landscape conservation and an intention
to participate in landscape conservation activities are
determined by the citizens’ visit experience and purpose
for visiting, awareness of landscape conservation and the
natural environment, and lifestyle. This paper collected
data by utilizing questions that focused on these factors
as variables.

The dependent variable is important when talking
about model building. For example, when an actual
economic behavior is involved, such as purchase behavior
for a certain good or service, or fundraising behavior for
the conservation of a non-market good, it is appropriate
to adopt a monetary term variable such as WTP as
the dependent variable. However, Luneburger Heide,
the subject of this paper, can be accessed without
paying entrance fees. In this hypothetical situation,
WTP estimates could be biased and therefore, ordered
choice models—which, as ordinal scale data, inquire
directly about the citizens’ landscape conservation values
and intention to participate in landscape conservation
activities—are used instead [19].

The answer option Y = {1,2,3,4,5! is ordered such
that a larger value indicates a stronger preference, and
a smaller value indicates a weaker preference. If no
meaning is assigned to order, a multi-choice model may
be used. However, if the order of selection is meaningful,
it is necessary to interpret the numerical values given in
an ordinal fashion.

In the case of ordinal dependent variable YY; , if
we consider a regression model corresponding to the
continuous latent variable 'Y |, we get

o= BN tw Y = BX (D
where YY" : latent variable, XiX; : explanatory variables,
and Wy : error term.

The latent variable Y'Yy is not observable, and

the dependent variable Y;Yj , is observable. Thus, the two

variables appear as 1§, <Y <§.Y =j( =12,345).
[dgG , <Y <§Y=j (=1.2,3,4,5). In other words, this
model indicates that option number j is selected when a
latent variable enters a section delimited by threshold (¢
o C1 Ly Ly L4 C5) .In this case, the threshold is

V=10 <Y < ol-pX <y < —pX
=200 <Y <ol B <y <l - B
V=308 <Y <ol - <y < -pX
V=40l <Y <l ol-p% <y <y -pX
V=50l <Y <ol BN <y <-pX

However, since {_0 = -o0 and {_5 = oo, the threshold
(Co C1 Co L4 C,) is determined by the estimation
model.

If F is the cumulative probability of a normal
distribution, the model is called as an ordered probit
model (OPM)® and the probability that % =j¥; =jis

pij = Pr(Y; =j) = F(g - BX;) — F(3,; — BX)) 2)

However, since the ordered choice model is
multi-choice, the probability distribution becomes the
multinomial distribution (pi’;u}(pi’::)'(pi’:?)'(pﬁ‘)-(pi’:s)
CrNCONCRCHRCYR

OPM measurements involve using equation (2) above
to define the likelihood function, applying maximum
likelihood to obtain an unbiased (asymptotically effective)
estimator. However, like binary or multi-choice models,
the parameters cannot be directly compared.’

Moreover, the marginal effect (ME) is measured
using the difference between the density functions. In
other words, with OPM,

aPr(Y; =) s 2 i A-NIA
o= G- Bx) -G - B0 ©

where f is the probability density function of the normal
distribution, and

j=1 ME, = [-f, - BX)IB
j=2 ME, = [fQF, - BX;) — £, — BX)IB
j=3 ME,; = [f¢, - BX) —fg; —px)Ip

j=4 ME, = [fg —BX) — g, —BXDIB
j=5 MEs=[fZ —BX)IB

As it can be seen from the above equation, ME

8 The difference between the ordered probit model (OPM) and
the ordered logit model (OLM) is that the cumulative probability of
the former is based on a normal distribution, while that of the latter
is based on a logistic distribution. The numerical formula may be
changed in consideration of this difference.

’ OLM also follows a nonlinear probability distribution, with
different curvatures. It is therefore not possible to compare
parameters evaluated with the average value of the explanatory

variables.
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signifies the probability variation of the dependent
variable Y; =jY; =j when the explanatory variable
changes by one unit.

With regards to the selection of the probit and logit
models, Amemiya [20] (p. 1489) mentioned that “the probit
model was the first popular model that emerged in the
biometric applications of qualitative response models
(QR models), partly because of the above-mentioned
central limit theorem argument, and partly because of
the widespread popularity of the normal distribution in
statistics in general. ['--]. However, [--*] choosing between
the two models is unimportant because of their similarity
[--*]” The probit model is advantageous in reproducing
events, while the logit model has an advantage in terms
of computational operability.

Table 1. List of variables

3.2. Data

Data was collected via an online questionnaire
targeting 1,000 German residents from January 24th to
January 25th, 2018"° Table 1 shows the composition of
the questionnaire. The question items consist of basic
attributes (gender, place of residence, age (in five-year
groupings), the reason for visiting Luneburger Heide and
visit experience, awareness of landscape conservation and
the natural environment, and lifestyle.

10 Syno Japan Inc. distributed to, and collected online

questionnaires from, target gathered from amongst panelists living
in Germany. All those who filled out the survey consented to
participating in the survey. This effort was managed according to
the online panel platform provided by Cint AB (Carried out January
2018).

Attribute information:

Gender (dummy)

Gender —male=0, female=1

Age 19 or younger=1, 20-24=2, ...(5 year old step width), 70 or older=12

Residence
(Niedersachsen

Dummy) (Lower Saxony=1)

Where do you live? (select “Bundesland (federal state) “)
— NLD: (Lower Saxony, Hamburg and Bremen=1, others=0) or ND:

Visiting experience, visiting purpose etc.:

Visit experience
(Experience Dummy How often?

Do you know the Liineburger Heide? If so, have you been there before?

[ED]) I have heard of the place, but have never been there. = (1),  have never
heard of the place and have never been there. = (2), Once. = (3), Twice. =
(4), Three times or more. = (5)
—ED_01: With or without visiting, and times ((1), (2)=1, (3)=2, (4)=3,
(5) =4) or ED_02: With or without intention, and times ((1) =2, (2) =1, (3)

=3 #)=40)=53)
Main visiting
purpose
(Purpose Dummy

What was your main reason for visiting the Liineburger Heide?
To enjoy the beautiful landscape = (1), To experience their rich ecosystem
and biodiversity = (2), To feel refreshed or to relax = (3), To benefit from

[PD]) the healing effects of being together with friends and family = (4), To
hike and do something good for your health = (5)
—PD: Matters derived from nature and landscape ((1), (2) =1, others = 0)

Knowledge
(Knowledge
Dummy [KD])

Are you familiar with the history of the Liineburger Heide?
I'have heard of it before and am familiar with it. = (1), I have already
heard about it, but I'm not too familiar with it. = (2), I have never heard

of it, but would like to know more about it. = (3), I have never heard of it
and I'm not really into it. = (4)
—KD_01: Whether you've heard of it or not ((1), (2) =1, (3), (4) =0)

or KD_02: Whether you want to know ((1), (3) =1, (2), (4) =0)

Answer each question by order scale. The questions were shuffled and presented.

(Strongly disagree = 1, Disagree = 2, Neither = 3, Agree = 4, Strongly agree = 5)

Os_01 I'would like to (again) visit the Liineburger Heide.

0Os_02 I would be glad about an improvement of the excursions on site as well

as the tour guide.

0s_03 I'would be glad if the tourist information improves their dissemination

of information.

Os 04! Because of their immaterial value, I would be glad about the protection
of the environment and landscape of the Liineburger Heide.

Os_05 If I would visit the Liineburger Heide, I would rather spend a few days
there instead of just taking a day trip.

Os_06 I enjoy landscapes like the Liineburger Heide.

Os 07 I'would like to participate more strongly in the protection of the
Liineburger Heide.

Os_08 I'would like to recommend my surroundings a visit to the Liineburger
Heide.

Os_09 Personally, I understand the charms of the rural environment rather
than the city.

Os_10 Within my way of life, I am aware of the environment, ecology and
nature.

! The underlined questions (Os_04 and Os_07) were adopted as the dependent variables.
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About the history of Liuneburger Heide, 108
participants responded that they have heard about it, and
were familiar with it, 401 responded that they have heard
of it but were not too familiar with it, 327 answered that
they had never heard of it and wanted to know more, and
164 answered that they had never heard of it and were
not particularly interested in learning more. The survey
also asked about the recognition of Luneburger Heide
and visitor frequency (experiences). To this question, 511
respondents answered that they knew of Liuineburger
Heide, but had never visited, 61 said that they never
heard of it and had never visited, 240 said that they had
visited once, 81 said that they had visited twice, and 107
indicated that they had visited three or more times.

This data was cross-tabulated to determine the
relationship between Luneburger Heide's “visit frequency
(experience)” and “knowledge” of the history of its
establishment (Table 2).

Looking at those who said they knew of Luneburger
Heide, but had never visited, only about 9% admitted
prior knowledge; the most common responses were ‘I
have already heard about it, but am not too familiar with
it” and “T have never heard of it, but want to learn more.”
This suggests that there is an opportunity to attract
visitors and encourage further visits through public
relations activities such as disseminating information

regarding the history of, and background to, the
establishment of Luneburger Heide.

As the frequency of visits increase, the percentage
of respondents answering “I have heard of it, but am not
familiar with it” and “T have never heard about it, but
want to learn more” decreases, while the percentage
answering that they have heard of and are familiar with
it increases. In other words, it is expected that repeated
visits would lead to the acquisition of knowledge about
Luneburger Heide, producing the intent to visit the area
further and to help with landscape conservation efforts.

When estimating the model, variables were selected.
Although dummy variables related to the residence and
age were created, variables that were not significant
were ultimately dropped from the model". As such, the
study ultimately did not use all the original question items
in Table 1 as explanatory variables.

1 In addition, for example, for the question “Are you familiar

with the history of Luneburger Heide?”, there were four answer
choices: have heard of, know = 1, have heard of, but do not know =
2, have never heard of, want to know about = 3, never heard of, not
interested = 4. The first two indicate that the respondent has heard
of the place, while the latter two indicate that he or she hasn't.
These were initially established as “cognitive dummies” ({1, 2 = 1,
{3, 41 = 0). On the other hand, it is also possible to establish “interest
/ motivation dummies” ({1, 3) = 1, {2, 4} = 0). In taking actual
measurements, we tried to use both as explanatory variables.

Table 2. Relationship between knowledge and visit frequency (experience) to Lineburger Heide'

Visit frequency
Knowledge of the history of the Three or
Never Once Twice Total
Liineburger Heide more times
I have heard of it before 17 13 25 108
and am familiar with it. 9.3% 7.1% 16.0% 23.4%
I'have already heard 128 48 54 401
about it, but I am not too
familiar with it. Count 29.9%  53.3% 59.3% 50.5%
I have never heard of it, and 75 19 18 327
but would like to know % within
more about it. visit 37.6%  31.3% 23.5% 16.8%
frequenc
I have never heard of it a Y 20 1 10 164
and I am not really into it. 23.3% 8.3% 1.2% 9.3%
240 81 107 1,000
Total
100.0% 100.0%  100.0% 100.0%

1 The number of participants = 1,000 people.
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4. Results

The study carried out estimations in accordance
with the above analysis procedures. For the purpose of
this paper, the dependent variables were Os_04 “Because
of their immaterial value, I would be glad about the
protection of the environment and landscape of the
Lineburger Heide,” meaning “It is important to protect
the environment and landscape of Luneburger Heide,
and this has value” and Os_07 “I would like to participate
more strongly in the protection of the Luneburger Heide,”
indicating a desire “to participate in activities to landscape
conservation.” Possible responses were provided on an
ordinal scale (Strongly disagree = 1, Disagree = 2, Neither
= 3, Agree = 4, Strongly agree = 5). OPM was applied to
the former as Model I and the latter as Model 1L

4.1. Model |

Table 3 shows the estimation results for Model 1.
The study assumes all values to be positive. For example,
based on the case where “(1) Strongly disagree” is
selected for Os_01, dependent variable Os_04 is expected
to approach “Strongly agree (Y = 5).”

From the results, all choices for Os_01 and Os_08

and some choices for Os_06 and Os_10 were statistically
significant at the 5% level of significance and had positive
values. In addition, for the cases in which all choices are
significant, the stronger the degree of agreement (to each
question), the higher the values of coefficients. It was also
confirmed that when only some choices were significant,
choices where the degree of agreement was strong were
significant while choices where the degree was weak
were insignificant.

For a more detailed examination, the topic now turns
to marginal effects. For example, if the respondents select
“(2) Disagree” for Os_01, the probability of answering
“Strongly disagree (Y = 1)" to Os_04 drops to 1.69%, the
probability of answering “Disagree (Y = 2)" drops to 1.96%,
the probability of answering “Neither (Y = 3)" drops to
9.59%, and the probability of answering “Agree (Y =
4)" drops to 1.49%, while the probability of answering
“Strongly agree (Y = 5)” increases to 14.74%, as compared
with the case of selecting “(1) Strongly disagree” for
Os_01. At first glance, the odds of responding with a
favorable “Agree” would also seem to decrease, but
this response is actually absorbed by the big increase
in “Strongly agree,” which is very favorable. The same
tendency is evident for the other options for Os_04.

Table 3. Estimation result of model 1 (the dependent variable: Os_04)

Independent Ordered Probit
Variables Coefficient Std. Marginal Effect
Error Y=1 Y=2 Y=3 Y=4 Y=5
Os_01 (2) 0.67731 03432 * -0.0169 -0.0196 -0.0959 -0.0149 0.1474
Os_01 (3) 0.67093 0.2900 * -0.0168 -0.0195 -0.0950 -0.0148 0.1460
Os_01 (4) 0.93695 0.2953 ** -0.0234 -0.0272 -0.1327 -0.0207 0.2039
Os_01 (5) 1.36438 0.3097  ***  -0.0341 -0.0396 -0.1932 -0.0301 0.2970
Os_06 (2) 0.06214 0.5150 -0.0016 -0.0018 -0.0088 -0.0014 0.0135
Os_06 (3) 0.27699 0.4797 -0.0069 -0.0080 -0.0392 -0.0061 0.0603
Os_06 (4) 0.98945 0.4825 * -0.0247 -0.0287 -0.1401 -0.0218 0.2154
Os_06 (5) 1.50441 0.4927 ** -0.0376 -0.0436 -0.2130 -0.0332 0.3274
Os_08 (2) 0.69381 02993 * -0.0173 -0.0201 -0.0982 -0.0153 0.1510
Os_08 (3) 0.94414 0.2641  **  -0.0236 -0.0274 -0.1337 -0.0208 0.2055
Os_08 (4) 1.18282 02719  **  -0.029 -0.0343 -0.1675 -0.0261 0.2574
Os_08 (5) 1.70685 0.2931  **  -0.0426 -0.0495 -0.2417 -0.0377 0.3715
Os_10 (2) 0.67287 0.3670 -0.0168 -0.0195 -0.0953 -0.0149 0.1465
Os_10 (3) 1.18033 0.3338  ***  -0.0295 -0.0342 -0.1671 -0.0261 0.2569
Os_10 (4) 1.60646 0.3340  **  -0.0401 -0.0466 -0.2275 -0.0355 0.3497
Os_10 (5) 2.29275 0.3427 **  -0.0573 -0.0665 -0.3247 -0.0506 0.4990
Threshold
Parameter
112G 1.2385 0.4417
2130 1.9136 0.4546
3140 3.6544 0.4643
4150 5.4483 0.4703
Number of 1,000
obs
LL -820.2137
LR 827.1935
LR p value 0.000
AIC 1680.427
Pseudo R? 0.3352

Note: Os_01 (2) means the case where (2 = Disagree) is selected in Os_01. Same applies hereafter.

% < 0,001, ** p <0.01, * p <0.05.
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In addition, as the degree of agreement to Os_01
becomes stronger, moving from “(3) Neither” to “(4)
Agree,” and then “(5) Strongly agree,” the favorable
“Strongly agree (Y = 5)” for Os_04 increases to 14.6%,
20.39%, and 29.7%, respectively. In other words, as the
degree of agreement to Os_01 increases, there is an
accompanying increase in individuals likely to answer,
“Strongly agree (Y = 5)" to Os_04.

The same pattern applies to Os_08. If the
respondents choose “(2) Disagree” for Os_08, the
probability of responding “Strongly disagree (Y = 1)” to
0s_04 drops to 1.73%, “Disagree (Y = 2)" to 2.01%, “Neither
(Y = 3)" to 9.82%, and “Agree (Y = 4)" to 1.53%, while
5)"
increases to 15.1%, as compared with the case of selecting

the probability of responding “Strongly agree (Y
“(1) Strongly disagree” for Os_08. A similar tendency is
shown for the other choices for Os_08.

Moreover, as the degree of agreement to Os_08

Table 4. Estimation result of model 2,

“(3) Neither” to “(4)
Agree,” and “(5) Strongly agree,” the favorable “Strongly
5)" for Os_04 increases to 20.55%, 25.74%, and
37.15%, respectively. In other words, as the degree of

becomes stronger, moving from

agree (Y
agreement to Os_08 increases, there is an accompanying
drastic increase in the probability of individuals answering
“Strongly agree (Y = 5)" to Os_04.

If, for example, the respondents select “(4) Agree” or
“(5) Strongly agree” to Os_06, the percentage answering
5)" for Os_04 increases to 21.54%
and 32.74%, respectively, as compared with the case of

“Strongly agree (Y

selecting “(1) Strongly disagree.” However, the increase in
lesser options is minor and insignificant.

4.2. Model Il
Table 4 shows the estimation results for Model II. As
stated previously, the dependent variable is Os_07.

the dependent variable: Os_07

Independent Ordered Probit
Variables Coefficient Std. Marginal Effect
Error Y=1 Y=2 Y=3 Y=4 Y=5
Os_01 (2) 0.6638 0.3836 -0.0354  -0.0623 -0.0791  0.0898  0.0871
Os_01 (3) 0.8726 0.3354 ** 0 -0.0466 -0.0819 -0.1040 0.1181 0.1144
Os_01 (4) 0.8198 0.3397 * 0 -0.0438 -0.0769 -0.0977 0.1109  0.1075
Os_01 (5) 1.1876 0.3522 % .0.0634 -0.1115 -0.1416  0.1607  0.1558
Os_03 (2) 0.2438 0.3432 -0.0130  -0.0229  -0.0291  0.0330  0.0320
Os_03 (3) 0.579 0.3168 -0.0309 -0.0544 -0.0690 0.0784  0.0759
Os_03 (4) 0.7558 0.3212 *-0.0404 -0.0709 -0.0901 0.1023  0.0991
Os_03 (5) 1.4115 0.3324 % .0.0754 -0.1325 -0.1683 0.1910  0.1851
0s_05 (2) 0.3756 0.3470 -0.0201  -0.0353  -0.0448  0.0508  0.0493
Os_05 (3) 0.6281 0.3155 *-0.0335 -0.0590 -0.0749  0.0850  0.0824
Os_05 (4) 0.7344 0.3135 * 0 -0.0392 -0.0689 -0.0876  0.0994  0.0963
0s_05 (5) 0.537 0.3186 -0.0287  -0.0504 -0.0640  0.0727  0.0704
Os_06 (2) 3.0507 0.8796 01629 -0.2864 -0.3637  0.4129  0.4001
Os_06 (3) 2.5233 0.8506 ** 01347 -0.2369 -0.3009  0.3415  0.3309
Os_06 (4) 2.3735 0.8512 **-01267 -0.2228 -0.2830 03212  0.3113
Os_06 (5) 2.3996 0.8565 ** 01281 -0.2252  -0.2861  0.3247  0.3147
Os_08 (2) 0.7038 0.3261 *-0.0376 -0.0661 -0.0839  0.0953  0.0923
Os_08 (3) 0.7951 0.2957 **-0.0425 -0.0746 -0.0948  0.1076  0.1043
Os_08 (4) 1.4044 0.3044 *** 00750 -0.1318 -0.1674  0.1901  0.1842
Os_08 (5) 1.998 0.3225 % .0.1067 -0.1875 -0.2382  0.2704  0.2621
Os_09 (2) 1.2873 0.5053 *-0.0687 -0.1208 -0.1535 0.1742  0.1688
Os_09 (3) 0.9982 0.4785 *-0.0533 -0.0937 -0.1190  0.1351 0.1309
Os_09 (4) 1.031 0.4780 *-0.0550 -0.0968 -0.1229  0.1395  0.1352
0s_09 (5) 1.0687 0.4761 *-0.0571 -0.1003 -0.1274 0.1446  0.1402
0s_10 (2) 0.0853 0.4502 -0.0046  -0.0080 -0.0102  0.0115  0.0112
Os_10 (3) 0.9142 0.4168 *-0.0488 -0.0858 -0.1090 0.1237  0.1199
Os_10 (4) 1.1905 0.4183 **-0.0636 -0.1117 -0.1419 0.1611  0.1561
Os_10 (5) 1.5042 0.4251 ***.0.0803 -0.1412 -0.1793  0.2036  0.1973
ED_02 (2) -0.3252 0.1616 * 0.0174  0.0305  0.0388  -0.0440 -0.0426
ED_02 (3) -0.2903 0.1721 0.0155  0.0272  0.0346  -0.0393  -0.0381
ED_02 (4) -0.5119 0.2021 * 0.0273  0.0481  0.0610  -0.0693 -0.0671
ED_02 (5) -0.4947 0.1934 * 0.0264  0.0464  0.0590 -0.0669 -0.0649
KD_01 (1) 0.3211 0.0917 % .0.0171  -0.0301 -0.0383  0.0435  0.0421
KD_02 (1) 0.3797 0.0897 ***.0.0203 -0.0356 -0.0453  0.0514  0.0498
Threshold Parameter
112G 5.5710 1.0930
2130 6.5136 1.1021
314G 8.4253 1.1100
4150 9.8127 1.1143
Number of obs 1,000
LL -977.6190
LR 706.3918
LR p value 0.000
AIC 2031.238
Pseudo R? 0.2653982

Note: Os_01 (2) means the case where (2 = Disagree) is selected in Os_01. Same applies hereafter.

k< 0,001, ** p < 0.01, * p <0.05.
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The study assumed all values to be positive. The
rationale follows that of Model I described above. The
same applies to the dummy variable; whether the
respondent has heard how Luneburger Heide was
established. For KD_01, if the respondent has heard of
it, there might be an increase in the dependent variable
Os_07. Furthermore, for KD_02, if a desire to learn
more about the establishment of Liineburger Heide is
expressed, there might be an increase in Os_07.

From the estimation results, all choices for Os_06,
0s_08, and Os_09 and some choices for ED_02, KD_01,
KD_02, Os_01, Os_03, Os_05, and Os_10 were statistically
significant at the 5% level of significance. Moreover,
looking at the results, except for ED_02, all coefficient
values were positive, which matched the theoretical
conditions. However, the values for ED_02 were all
negative, albeit with low significance.

Looking at the marginal effects, if, for example, the
respondents select “(2) Disagree” to Os_06, the probability
of answering “Strongly disagree (Y = 1)” to Os_07 drops
to 16.29%, the probability of answering “Disagree (Y =
2)" drops to 28.64%, and the probability of answering
“Neither (Y = 3)” drops to 36.37, whereas the probability
of answering “Agree (Y = 4)" and “Strongly agree (Y = 5)"
increase to 41.29% and 40.01%, respectively, as compared
with the case of selecting “(1) Strongly disagree” for
Os_06. Unlike Model I, the increase begins with “Agree
(Y = 4).” A similar tendency is evident with the other
answer choices for Os_04.

Moreover, as the degree of agreement to Os_06
increases to “(4) Agree,” and “(5) Strongly agree,” the
favorable response “Agree (Y = 4)” for Os_07 increases
to 41.29%, 34.15%, 32.12%, and 32.47%, respectively, while
“Strongly agree (Y = 5)" increases to 40.01%, 33.09%,
31.13%, and 31.47%, respectively. This peaks where the “(2)
Disagree” line for Os_06 intersects “Agree (Y = 4)" for
Os_07. Thus, the point slightly before this where the peak
1s formed is the same as for the attitude towards Os_09
and for the preference for Os_07. Hereinafter, these two
variables will be referred to as “Factor 1.” For the other
variables (Os_01, Os_03, Os_05, Os_08, and Os_10, the
peak forms somewhat after that of “Factor 1” (among the
meaningful options, the point where the line representing
the highest degree of preference and preference Os_07
intersect). Hereinafter, these variables are referred to as
“Factor 2.”

Looking at the results of other variables, KD_01 and
KD_02 were also statistically significant, as hearing of
it and wanting to know about it had a positive impact
on the individual's willingness to preserve landscapes.

With regard to ED_02, as visits to Lineburger Heide
increased, an accompanying increase in Os_07 was
expected. However, as seen from the estimation results,
the significance was low, and no such effect was found.

5. Discussion and Conclusions

This paper looked at Luneburger Heide, one of
Germany's most notable nature parks, highlighting the
structure of consciousness of citizens by considering the
specific citizen thoughts toward the natural landscape.
The study administered an internet questionnaire
targeting 1,000 German residents and applied OPM to
identify the determinants affecting their evaluation of the
value of landscape conservation and their intention to
participate in landscape conservation activities.

The study produced the following results. Model 1
inquired about respondents’ consciousness with regards
to landscape conservation, while Model II asked about
respondents’ willingness to participate in more advanced
landscape conservation activities. Due to this difference,
in Model I, there was a high probability that individuals
would indicate the very favorable attitudes toward
landscape conservation. On the other hand, Model II
raised the psychological threshold for the subjects, and
a preference for participation in conservation activities
converged around “Agree (Y = 4).”

Looking at the marginal effects of Model I, as each
variable becomes stronger there is a large increase in
the probability that a participant would respond very
favorably with “Strongly agree (Y = 5)" for Os_04.
Meanwhile, the marginal effects of each variable of Model
IT can be categorized as “Factor 1,” in which a peak forms
where the variable is relatively weak, and “Factor 2, in
which the peak forms where the variable is relatively
strong.

First, both Os_06 and Os_09 amount to the personal
preferences of test subjects. With these variables, if
“(1) Strongly disagree” is not selected, the willingness
to participate in landscape conservation activities was
positive even if there was not such a high degree of
interest. Meanwhile, variables corresponding to “Factor
2" are specific to individuals’ lifestyle and interactions
with Lineburger Heide. Given these variables, it may be
concluded that citizens are strongly motivated to visit
Lineburger Heide and encourage third parties to visit.
It may also be understood that they learn more about it
through tourism information, as well as by spending the
night.

Among those variables included in “Factor 2,7
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which included significant alternatives for variables
other than Os_08, most responses were “(4) Agree” or
“(5) Strongly agree.” In other words, these are cases
where a positive attitude greater than “(3) Neither” is
shown for each variable. Given this, it is clear that when
a respondent displayed a remarkably positive attitude
towards Luneburger Heide, they could be targeted by
Os_07. In other words, this result supports the idea
that “people who have a strong loyalty to Luneburger
Heide"” are also strongly motivated to participate in
landscape conservation activities. By promoting future
landscape conservation activities at Luneburger Heide,
these citizens demonstrate a positive attitude towards
landscape conservation activities.

To promote the preservation of natural landscapes,
it is essential to promote social consensus building and to
raise awareness of the need for landscape conservation
activities amongst citizens. To increase the effectiveness
of such efforts, it is necessary to rise to the challenge of
participating in landscape conservation activities rather
than inquire about a superficial awareness of landscape
conservation. As such, rather than the conventional
approach, l.e., asking generally about landscape
conservation and lifestyle, respondents should be expected
to indicate their intentions about a given area in a more
specific way.

This paper used alternative questions to inquire
about the participants’ state of mind and opinions. To
further augment and expand upon the findings obtained
in this paper, text-mining and similar techniques are
needed to gain a better sense of respondents’ specific
consciousness, thoughts, and language.
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C:3 5 TR AL R TTAR A AR 2 30 ) 2 AR BRI AR 2 AR AE AL IEE & LT, 2014 HEFEA S 2018 EEEE TO
5AERE, Bed: HEEREE X v A K ¥ )V Luciola parvula (Kiesenwetter, 1874) i o454 & ARAE & R~ FRdftiid: & 38K
GrEDOBREH S DT A0 OMEERITo 7z FRMIERE KO T, HORBSEIEM SN T aA0Es, TEFH S
W STV B gl Ee & LTRSS AT BI RIS 2 Mt oo 3 KNI/ H /e, Bed: HEEIZ 5 /T
24 TSI, v AL T ¥ T Parasitala pallida (Pilsbry, 1902), A ¥/ F 3~ A <4 Euhadra eoa communisiformis
(Kanamaru, 1940), %1 F a w7 ¥ Allopeas kyotoense (Pilsbry & Hirase, 1904) @ 3 FiA%s 55T, N FNEKD 37%, 25%,
17% % 507z, X CAEBMOBREER & OBMRIZOWTHI OKS, Bk B oM & WIEEAL, ¢ 2 K5 Vol
BEEEOWTIICBWTH HERGIC L B IEOFEIIRENT. 2016 SE2 S0 SEMIE, JbEbE hiBod 16 Hirk % & e
et & U CHEBGRE 21T > 72, &XECTOEBHOBEEER & OMRIZOWTOSIT O R, Bl BEOMEEICEEEL 5
ALBEBEERIIREN R o720y, BAEFEOME L b X Ry VOBEZIZOWTIE, AR, K, TS AROWEIZL BIE
OWEIRENT. LGOS, EAEBEOBIT T 2BEERIIEI L IR L2 EAVREN. LD - T, F
EHORIET L2 EEH T SO E TOSITIZB VT, TERGPRERRE L AR VOAERRELE L CEELRERNT
Ho7zhY, ALE & PR OB IRE L 220 2BV TUE, A O#E WA EELERTH L 2 LWL NI %o 7.
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Habitat factors for firefly larvae Luciola parvula and land snail assemblages in urban green space
— Analysis of the results from the student field training in Aioiyama Green Space, Nagoya City, Japan —

Teruaki Hino'*, Motohiro Kawase®, Yoshitsugu Furukawa®, Hiroshi Hashimoto', Yasuhiro Hasegawa'

Abstract As field training for second-year students of Department of Environmental Bioscience in the Aioiyama
Green Space in Nagoya City, we investigated the distribution and abundance of land snails and the larvae of the firefly
Luciola parvula for five years from 2014 to 2018, to clarify the relationship between forest vegetation and soil moisture.
The green space was divided into three major forest areas: the northern part, where walking paths are maintained,
the central area left unused in recent years, and the southern area developed as a residential area, with wooded areas
remaining in the valleys. The dominant land snail species were Parasitala pallida, Euhadra eoa communisformis,
Allopeas kyotoense, which accounted for 37%, 25%, and 17%, respectively, of the total abundance. Multiple regression
analysis in all areas showed a positive effect of soil moisture on all of species richness and abundance of land snails, and
abundance of firefly larva. For three years from 2016, survey was continued in the northern and central parts. In the
forested area, any environmental factors affecting the total abundance of land snails were not found but the factors differ
from species to species. Both species richness of land snails and abundance of firefly larvae was positively related to the
cover of herbs, shrubs, and sub-trees. In the analysis of the entire area, including the southern part with a mix of residential
areas, soil moisture was an important habitat factor for land snails and fireflies. However, differences in forest vegetation
were found to be an important factor in the analysis limited to the wooded area of the northern and southern parts.

Key words: urban forest, Luciola parvula, land snail assemblage, soil moisture, student field training
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#a

BRI Z OREAE OFEFI R R DL IEIEIC & o> THRR T
HOBM DKL AR T A5 TH S (MacArthur and
MacArthur 1961; Hino 1985; Ito et al. 2012). L& L 7Z&#%%
5, TEOIAIZ L b 7% ) EHHFE S EEREZOILA
&, AN B L R R RB O BRAR O E FEHi /s & bz b
b L, ZOREELT, L OB DL M
gbNTETw5b (Fujita et al 2008; Faeth et al. 2011;
Ishikawa et al. 2023). ZAHTETIIZ BT b faa i (B bk iy -
T - EHR - KD oo 4 RIS LT
B, 2020 FFOFAETIZ215% 12 F TREA L7222 L%
HENTWDE (ZHET2021). ZFRTHO L HICHARD
AERMANTE ARSI TR WHERT L S LTI B W»
TlE, BENHR TR & Offpi b0 = LM% e L
AT HZ EDEETH A (Alvey 2006; Lepczyk 2017).
ZDOIIE, €O L) HERIAELS 28 OGS
M % A BB R & OBRE S 2 LT BED
H5.

tTHR A RT A EWIE, EWEER ¥ -5k E
HLTHERNOYWEBRICEEZERH 2R L TS
(Decaéns et al. 2006; Ruitta et al. 2012). FeA: HFHIZFEHY
PEDMR N 72D IR BRFEC D BE 2 21T R § v L)
WOl 7 NV—TThb DTIEBYWOLHE L MEICE
B RITTREENE LT, H8KS, v ARE,
pH, 1) ¥ —&, HHAEWES L OBRITENITHNS
T\ % (Hylander et al. 2004; Martin and Sommer 2004;
Chiba 2007; iJIl & 2016; Hettenbergerova et al. 2023). H
REHOREEDER Y IV TH DY AKRY IV Luciola parvula
(Kiesenwetter, 1874) 13#BTH B3 05228 T EIN & Hb T4
BrBA L T&THY, ZbEML v KU A TR
fEEMEICHRE SN TS (BHEN 2020). S E TOHF
ZETIE, DT &UHRRCHRROBEEEEN L L %D
Z L (FH - w2019 RHFEMRANO LEAKGTEDOSL WY
I CHROMEMAERD L 25 2 LAVRENT VS (B
52014). L2 LZahs, BAERYVOEDIREIZONT
OfgeE, EW - EUHC b S FIEFICRONTE Y,
ZFOLEEDSTER E N T 5 (Riley et al. 2021). F 72,
Fedzk & VogmidpEA DY R E L TnwD 2 e
HOENTWDEY, WIFNRBENTITbNTETBY (THIB
5 2010; Fu and Meyer-Rochow 2013), A= @M CofEsH
HE ORI ST,

AR F R AEWRER TR T, 2FEOBIFER
& LT 2012 fE R o B R HERE SR O A AL 24T > T &
THY, 04 FE»PLO5FEMIIAERTRAKIZS 5
A LR A AT & L7 MA LR IE e XK v
AR E LTSN (BRINS 2018), FAARMEYHROE
B LB HF a Y Allopeas kyotoense (Pilsbry &
Hirase, 1904) 7% CoFEA R EETH LD (IHE 2013).
Z2°C, MAILFRITOEE CTIE, B4 REFEORIC

MATe XRZ VY HEERBOMEL T, WAEDOEE
BREEZEA & L C kg & AL & DRIFRIZ O W To T
AT o7z, ATk, M4 T - 72 5 ER O AT
FERIZOWTHRET 5.

HiE

SREH

FAEET o201, HAHETRARXICBIT 24 1LfkH
THhb. RIREELEHORAN & RN E NPT
BL, ®IISELEE 32010 - 60 m DEIE 2 D04
SR OB TH B (F i ETH https//www city.
nagoya.jp/ryokuseidoboku/cmsfiles/contents/ 0000071/
71338/71-02pdf). fxH RO IZH 124 ha TH D, K
& AT, AR P FIOR B SR AR Al & LT B LR,
POTIEEH R L LTRH SN TELNEEZDIT L
A EDHUE ENTHERMKIZ 2 o T B HRER, FEsih s L
TR S, AT B IR A A R o 3 X2
e ns (K1), fkmoEmARRBIES A - I
TL22dH 53T F Quercus serrata (Murray, 1784) #£ T,
EARBIZIZ YT F Eurya japonica (HHara, 1954), =
T [lex pedunculosa (HHara, 1954) 72 EHHEF L TW5 (E
1 - 1EA 2018).

YRR T PR R AR BT 5 2 SEAE D BRALSE
i, 2014 4FFED 6 2018 4EEEE T 11 H ML T o 72
2014 SEPEIALER 16 by T 1 HFH, rpyedf b #hri & BEEp 11
Hiric1HM (¥1b), 2015 4FEELES 16 #5C 2 H R
(X 1c) FAAE ATV, FEEM CRRA LA % [E5E L 2 2o 72,
2016 4EFE 5 2018 4F BEIZALER 10 Hb p & gt 6 M &

(b) 2014

L (c)2015 )
e X L

. (d)2016-2018
s

1. (2) A THHHELFRBO AT EHICBIFAME . (b-
d) FEZLOFAH O, AL A (N), A s
(M), =i (S) .

Fig. 1. (a) Location of Aioiyama Green Space in Nagoya City.
(b-d) Location of the survey sites in different years.
Circle: northern part (N), square: central part (M),
triangle: southern part (S)
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BEMRAHE LT, BEE2 HM SEBT6 HoOH#E%
1To72 (K1d).

HERELBRETE - 518
FAEEIIBWT27 7 A%88 (1HEH72N 6 - 8%)
WENETN2MA AL L, BEAEHEE e ARy VLR
OFREI B3PI T L HEH D40 - 50 T ORE%
fio7z, WIFNOEEDFEER S, EZDO—ANTHLHID
AHAR LR O FARBREE & RATE B & T AR TK-#&-
WOLESFLT T =7 — A Japan| & [HAILONZE%
MRl oA N— (QTHEH2) 3 -4%) \ZX5H
Db EIAThN, WINOEFEOFEFH LHTH & L HIZK
M%<, MURKSFMTRENMTTDNI-LEZ HNTz.
F-EFIEMPIE, HM8E (HE) 2PEIOFARE K
] U s [ CRREZ IR S eV X ) ISHEE L7

Bk B OBRE, mrlo 20 — 25 R IEER, A0
T, BAROBRLEEZ AT, KEDOHZIFELHEL THE
THCRE L2, BP0 20 - 25 5 RBEIR Y ¥ — GEIEERD
DBFE 7L —HIIHPEEDTE mm A v
DWEA Y Mo T, B# (24 cm x 36 cm) O _LETA
LFED50EDE, V—_XLARTHIDOHFHELH
LADIT 72 5 MBS CHERBICAN, EoZohidv =— 14
(400 mm % 280 mm) @ 353D 2 FREED 7 & KFICHEL -
720 1AM BEREICEWT, HMTRE L kB Lo
Foigo/z o Ll L2 EEKICOWT, ERBEMET
CHFEE & FHE T - 72, BREICOWTIE, FEHEO—A
Th DI L BIFEDO T TITV, FAIZ L B FEE/RD
TR ERIZOVWT L AbETfTo 7z, F A7 VHIZD
WL, IEREZRAER E O 72 0 | SR F MRS DS LT 2k 72
B, G S IR L7z

L ARY VIHROREL, 20 m DT A~ EIZ20 DN
ANMT Yy 7% ] mERICEE L. 2014 12134 H
H1I9A4 Y32, 0I5FEEPLIE&HMEIZ2T 132
(T4 HM2m) FBELZ (WTFNOEEIZBWTLA
FF320 ). T v FIREATHIZED HE (RHIEA 2010; FE
AR 7 OVIEZESs 2011; BRE 2 2013) 12HE->TC, 35 mm 7 A
VA —A (FFE295 mm X #E50 mm) #HWC, #
\25 mm EOR%E 3 BITHIFTERL, FvFrR—s39—
1 HERIRICANZ LIS L em OEA 12 A7z EDH
SN ATIC R AR, ATy T TR EPE - CTHu
(2O 7z, THEBZICENT L, EEREIZB W TR EIT- 72,
BENOEE - 5 FE CoOMMIL, BEAHEIZOWTIE
FHEAEE TR AR Y VTG EE CHAT A2 E LT
REZIR DB SR AVWEIICLT, FESHBICBBISE
L7,

RIGEHE

2014 — 2018 D L BER ST OFA & 2014 — 2016 FFE DK
AWEOFAE, HEVEY 7 AOERORH (KM%
L) &b Tf7 o 72 2016 — 2018 4E 0 s A A1 B

JAIEARRE - HiEARE - mAEOHEX, B - B
2016408 — 11 A (FBEZLRL) [T 72. K EE
AHE (0-13m) 1220V Tid, EXKRT VIREL T v
THRHEE L7200 m 71~ E10 AT BWTHNZ
KA, T3EAKSER (FieldScout TDR300, ¥V A v~ v
A, s ay FE38 cm) & HW T HERREEKEL
FHENL, BRI 2 m U O FHN OB % 10% HAL
THHE L CEnEFsEEz Rk BARE (0 - 1.3 m),
HEARE 6 -10m), @ARE 10mIll) OHEIZO»
T, 2 m U O AN O E % 10% AT HEl L
TENENFIHMEE KD 7.

HETHIARTE

WO S, RStudio (28— 3 > 2023061) & R
(IN—=2 a3 v 431) B LA dLE, PR, EHRos
WL TEHI S N BB ERIZOWTIE, 2014 4EE2LSD
SAERIC BT B 3 IXIM & 2016 4EFED 5 D 34ERMIZ BT
L 2 XM CENZI e MBI & ALl (3 X o Lk
122 T BonAferroni {12 & 2 HBEKREDOHIE) #1772
FHh m I ERRE S N o Be A U O R & A, e 2
Ry IR % FH 5 EBBBEERIZOWT, /Xy r—
Y Imed @ glmer BEE VTR T7 v v 5k # K58 L 72—
BALBIZE TV (GLMM) %1T-72. 204 FEE12H D5
RN LB & FORPLRE 2 SR, PAAE R & X
(AR - iR - BE) D'V E T V¥ ARIR, 2016 4
NH O IFEMIE, 1K, BEARPEE, K - HEARRE -
RO K g OMGERLE & AR, RAFE L 16 7 o
AT DENE T 2 FLHRE L, & ART IVEFEIC
DWTIE, FELRHEHTH LA HEO 2EEEE 3
AN 2 7. BRI DWW IR L (CFI9fE =0,
EHERAE =1) ATV, ZEILEME (VIF) X 10D FTah
5T ERMER L. SHEROFGEME, TLVETILO
Wald #52 OfEF & v CEF L 72

72, 2016 LD H D 3EMIZ BT 7 P THiE
SNz HEOM T & o4 BRERIFEO#E VD
72912, cancor BA%E FV CIEMEFB M 2 17 72, BEAE
HEOEGFHAMBREIZ DWW I, L8k, SR
i, AR - EARRE - BRSO D TR
WA AT o 2R AL L 72 % W Tt a2 47 - 7.

&R

2014 NS 2018 £ F T 5 4E [ T 24 1 1,980 1A
7 Q@D 127 k) OREEHESRES N (&
. b, pREs, MmE oMM ClRT 5 &, ki
18 = 20 ECTXIGHM DEIE o725, 1HEDZD O
EUITEER T 194 ik & e b % Ao 2 [XIF 2 HRT 15
- 17f%h o7, FHITIEY AL 0T ¥ J Parasitala
pallida (Pilsbry, 1902), 4+t / F I ¥ A4 ¥ A Euhadra
eoa communisiformis (Kanamaru, 1940), +# Fa v ¥
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Allopeas clavulinum kyotoense ® 3FENE ST, FNF 1A D 720 OEFEAEIL BT 28 Rk & & b £ <
NWEIRD 37%, 25%, 17% % 572 1 ks 72 ) OfFEE T, M TOMEME & e b 7 MK T 3102 H -
IZoWTIE, A/ F3IxAXAETHFarIH A3 7o, SR CERRER T T 5 &, LHKRGEREEK
BCTRLE o705, 7ALuyy I TR S 0o Fi

7o TR LT, B AR VI 5 4E R T 264 A

A S, ERIL 165% (BB b T v 71,6000 THo 7.

F1. 2014 FEH,S 2018 FF TORKEEIIBITAHILE (N), Hdei (M), FHEb (S) THRESNIZ AR VL L BAHA
OEFEHEENEICBITS 1 HHiED 72D OEFEE. WBE5IEK 2 HoREEBRHOEICOWTRINT WA,
Number of individuals of firefly larvae and land snails collected in the northern (N), central (M), and southern (S)
parts from 2014 to 2018 and the number of individuals per survey during the entire period. Marks are of the land
snail species indicated in Fig.2

SAEF Survey year 2014 2015 2016 2017 2018 2014-2018

FAEX I Parts of survey sites in Green Space N M S N N M N M N M N M S ALL

FAEH S Number of survey points 16 5 11 14 10 6 10 6 10 6 60 23 11 94

FAZE R Total number of surveys 16 5 11 28 20 12 20 12 20 12 104 41 11 156

e BRs AEIHRERGK 1HEH 72 Y REBEK
Name of species Mark Total number of individuals collected No. of individuals per survey

£ X R LI Luciola parvula 16 2 10 23 11 21 13 19 76 73 1.337  2.805 0.909 1.69

4 848 Land snaills
Y v~ A=A Vallonia pulchellula 0 0 1 0 0 0 0 0 0 0 0.000  0.000 0.091 0.01
F 2 aA¥ I Euphaedusa tau nmg 70 0 1 8 1 8 1 0 5 1 0.817 0.220  0.091 0.61
b oY FHhF 3P Paropeas achatinaceum 5 0 2 0 0 0 0 0 0 0 0.048 0.000 0.182 0.04
FHhF a7y Allopeas kyotoense oke 54 22 44 66 28 23 34 16 41 5 2.144  1.610 4.000 2.13
RV FhF a7y Allopeas pyrgula 0 0 9 1 2 2 0 0 0 0 0.029  0.049 0.818 0.09
+ & A4 Punctum amblygonum 0 1 0 0 0 0 0 0 0 0 0.000 0.024  0.000 0.01
Y &3 Punctum atomus 0 0 0 0 1 2 1 4 1 0 0.029  0.146  0.000 0.06
HHF K Trochochlamys crenulata 0 3 1 0 1 0 0 0 1 0 0.019 0.073 0.091 0.04
b X QY ¥ Trochochlamys subcrenulata hmk 6 0 1 9 5 2 5 3 0 1 0.240 0.146  0.091 0.21
FF T ¥ Trochochlamys fraterna 2 3 9 5 3 1 1 0 2 0 0.125 0.098 0.818 0.17
N XK Parakaliella harimensis 1 2 3 1 0 0 0 0 2 0 0.038  0.049 0.273 0.06
¥ E 4 A Gastrodontella stenogyra kbg 8 13 6 4 9 6 2 1 4 3 0.260 0.561 0.545 0.36
Yok X~y a7 Discoconulus yakuensis 4 0 10 2 5 2 0 2 0 0 0.106  0.098  0.909 0.16
b XXy 27 Discoconulus sinapidium 11 4 7 10 0 0 0 0 4 3 0.240 0.171  0.636 0.25
Rk ANy 2VRELIE Discoconulus sp. 0 0 0 0 0 0 0 0 0 1 0.000 0.024  0.000 0.01
a2 X Nh K7 Coneuplecta circumeincta kts 2 0 5 0 1 2 1 3 1 1 0.048 0.146  0.455 0.10
I AA AYRT Parasitala pallida uss 15 12 33 33 354 102 28 11 60 39 4712 4.000 3.000 4.40
IV R T A Parasitala reinhardti mrs 0 0 0 0 16 2 1 0 9 17 0.250  0.463  0.000 0.29
FF U T XXy a7 Yamatochlamys lampra 1 0 8 0 0 0 0 0 0 0 0.010 0.000 0.727 0.06
v Z YA~y 37y Urazirochlamys doenitzii ujb 10 5 8 8 18 4 10 2 4 4 0.481 0.366 0.727 0.47
kX 2/\7 Hawaiia minuscula 0 0 0 0 0 0 0 0 1 0 0.000  0.000 0.000 0.01
T ATA A Aegista commoda 0 2 3 0 0 0 0 0 0 0 0.000 0.049 0.273 0.03
T AN T <A <A Acusta despecta sieboldtiana 2 2 0 0 0 0 0 0 0 0 0.019 0.049 0.000 0.03
At/ FI<A<A Euhadra eoa communisiformis — inm 58 11 62 65 71 36 40 30 4 39 2.962 2.829 5.636 3.12
2{E{AZL Total number of individuals 249 80 213 212 515 192 124 72 209 114 12.6 11.2 19.4 12.7
2% Total number of species 24 24 24 24 24 24 24 24 24 24 24 24 24 24

7 2. duEb, Houl, BRSBTS 4 BB ER OPIGME £ FEHERRE (SE). KBBORLRL7IV 77Xy MIFERIZBWT
A (P <005 #HbZerRd. FHMANOFRAH I HEEEREKRIZOVWTRLTWA,
Mean £ standard deviation (SD) of habitat factors in the northern, central, and southern parts. Different alphabets
between parts indicate significant differences (P < 0.05) for each factor. Number of survey points in parentheses
show for moisture.

JeEs (N) FRaEs (M) maEs (S)

2014-2018

TEAERAIE (%) Moisture(%) 106+ 07 a 123+ 13 ab 152 19 b

BEARIEE (%) Herbaceous cover (%) 129+ 25 a 36.5 £ 106 b 152 £ 6.9 ab

A R No. of survey points 40 (60) 11 (23) 11
2016-2018

THREEKDE (%) Moisture (%) 112+ 12 a 108+ 16 a

BAREE (%) Herbaceous cover (%) 223+ 7.0 a 56.8 + 23.2 b

{EARIE (%) Shrub-canopy cover (%) 466 = 147 a 49.0 £ 200 a

EEAEE (%) Subtree-canopy cover (%) 412 £ 13.0 a 46.7 £ 19.1 a

SARWE (%) Tree-canopy cover (%) 58.4 + 185 a 285 + 116 b

A S ER No. of survey points 10 (30) 6 (18)
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M CROE , HAMEII PRI CTRLIE Ao/ 2016 W T, B HE O L HEEE, b ARSIV oM

SEEED D OALER & R E T O R E AT BT, EZ’S
WEIIH IR T, WA AL TR <, TR AR
ERARBE, FEARBEICOWTIIEELREE D o7 (i%
2). b AR IIZBNTI
04 EEPS OB ELEIMTO S FEMoERE H RSN

FHEDOWFTIIIBWTH TR L B IEOEEI RSN
:(%w.é%m,@iﬁftzxf&w@m%ﬁmﬁ
WTIE, BEARBEIC L 2 IEOBEIRENZDITMA T,
fe A BF ORI & 5 IED 8
2016 4F- 2> & AbHR & v iR oo [ 2 R A TAT -

#£3. EEBORILESHHE 2 & ik iic 5T 2014 A5 2018 FF TICHRE SN BRE RHEOE B L E A, v
RV DI REI B2 T T EBEREERRIOWTO—RILBER G E TV OFER,

Results of a generalized linear mixed model of habitat factors affecting the number of species and individuals of
land snails, and abundance of firefly larvae collected in the entire area, including the southern part with a mix of
residential areas, from 2014 to 2018.

BHZE# BILEE RE EAERE z .
Objective variables Explanatory variables Cofficiient SE
Fe4 B%8 Land snails
ER i)y Intercept 1.573 0.062 25.415 ***
No. of species TIEAEEEKE Moisture 0.113 0.043 2.606 **
BAREE Herbaceous cover 0.085 0.048 1.745
B EEL YR Intercept 1.730 0.475 3.646 ***
No. of individuals ~ +IEBHEEEKEK Moisture 0.272 0.033 8.299 **
AR Herbaceous cover 0.209 0.044 4,750 ***
b XR&Z IV Luciola parvula
B2 YR Intercept 0.571 0.391 1.461
No. of individuals ~ TiEEEEKE Moisture 0.396 0.061 6.497 *x*
BEARWE Herbaceous cover 0.242 0.068 3.562 ***
e BEREAEK Number of land snails 0.298 0.066 4505 ***

[ 7 Y AESRENR &

F4. AeERE IR EROMAR AL BT 2016 SEEEAD S 2018 4 F TICERE Sz A H
BB DOWTO—BALRRENR G BT IV OFESR.

VORI E, ARy L oMEEE

P <0.00L P <001, * P <0.05
Results of a generalized linear mixed model of habitat factors affecting the number of species and individuals of

land snails, and abundance of firefly larvae collected in the wooded area of the northern and southern parts from
2016 to 2018. *** P < 0.001, ™ P < 0.01, ™ P < 0.05

BERZEH EAZ L ¥ IEAERR = B
Objective variables Explanatory variables Cofficiient SE ‘
=4 B8 Land snails

e i)y Intercept 1.538 0.080 19.191

No. of species TIEAEEEKE Moisture -0.085 0.083 -1.020
BRI E Herbaceous cover 0.202 0.093 2.175 *
(ARG E Shrub-canopy cover 0.247 0.083 2.969 ok
EEAWE Subtree-canopy cover 0.182 0.075 2.427 *
BAREE Tree-canopy cover 0.070 0.099 0.711

EA# L)y Intercept 2.929 0.345 8.490 ok

No. of individuals THEAEEEKE Moisture 0.154 0.187 0.824
BEARRE Herbaceous cover 0.258 0.203 1.274
{EARE Shrub-canopy cover 0.219 0.184 1.189
FEEAEE Subtree-canopy cover 0.116 0.172 0.672
SARE Tree-canopy cover 0.047 0.209 0.226

b XR&Z IV Luciola parvula

B A YR Intercept 0.205 0.495 0.415

No. of individuals TEAEERKE Moisture 0.227 0.272 0.836
BAKE Herbaceous cover 1.349 0.336 4.010 ok
BEAREE Shrub-canopy cover 1.257 0.343 3.666 *Ex
BEEHAREE Subtree-canopy cover 0.674 0.255 2.646 o
SR E Tree-canopy cover 0.392 0.347 1.130
e BEREIAEK Number of land snails -0.276 0.124 -2.232  *
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72 3RO R E W20 T, BEABFHOBEERIZE
B LEBEERIIREN Do 7228, BEAREOHEE v
ARG VORI B TIEAREEE, R, FHEAROH
L DIEDORIEIREN (F4). F/2, e ARZ L
DMEENZ BV TUIREAE BEMAEIC L 2 B DR RIVR S
niz.

EHEAHBI AT ORGSR, Bk HAHAAE (BREEHL T 7 7 BTLL
L) OREMAEEI BT ABEERIIE T IR 2 5 2
LhREN (K2), A4 vy 5Lt/ F3I<A4
R ANZIERGOZ VB #EIF S 5 LAREa Nz b
BRG OV R VRS R RITT 2O BT a v VdE
RKEE OB VRS ~ )WV % F Pwasitala reinhardti
(Pilsbry, 1900) ZEARBEDOEHVERE, a5 H ¥ 5
Coneuplecta circumcincta (Reinhardt, 1883) (ZFABLE D
VB2 TN EINENT B EATVRE N

-0.2 -0.1 0.0 0.1 0.2 0.3
Water ]
o
LN
nmg °©
kbg FS
N
0 hmk e
2 P
Shrub  Herb K
kss
Tree mrs ~
K
okc
Axis1

2. 2016 4EJE 25 2018 N BT S [H 8 o A Hb 15 16 Hi o
IE 7 b DL O S e e A O S L o R E L
A BEBRBEEE N & O BRI DWW TOIEEMBE ST I LT3R
OO (r = 0.995) LEETHN (r = 0.904) 2B
AN, FEAEHS: FIaFvN (nmg), FHFavy
(okt), BA#HFVE (hmk), FEHA (kbg), TTFHT
455 (ksg), ZAATT%F (usg), ¥NVT%F (msg), ¥
gyua~Nyay (ub), 1t/ F3Iv4~A (inm). BREEFER:
T8RS (Water), #AHE (Herb), A (Shrub) - 1
FARIE (SubTree) - B (Tree) DR OIRERE .

Fig. 2. Scatter plots on the first (r = 0.995) and second (r =
0.904) axes obtained by canonical correlation analysis of
the relationship between abundance and habitat factors
(soil moisture, herbaceous cover, and canopy covers of
shrub, sub-tree, and tall tree layers) for each species of
land snails (symbols shown in Table 1) captured at least
7 of 16 fixed survey sites from 2016 to 2018.

EE

LR TIETAN 33 7 Fr ok A B2 3B\ T 2012 4F
10 A2 3 H o B HE o —FHFAE» b T b (I
W 2013). ZOMERICL L L, AL TIER D £V 19
AR IN TV LIRS, HBTIZB VTR D S
T REAHEPEBTRELREENE S TV EikihTh b L&
b5, S5, REFICL o THAIHER I NI
F % I A Punctum amblygonum (Reinhardt1877), #
% ¥ Trochochlamys crenulate (Gude, 1900), /N1 <
Y Parakaliella harimensis (Pilsbry, 1901), b Ay a7
H' A Discoconulus sinapidium (Reinhardt,1877), ¥ 7 ¥
T ANy a4 D. yakuensis (Pilsbry, 1902), 1
b A Xy 3 EUAE Discoconulus sp., YWV ¥ T H A,
*F 7 I v XNy a7 Yamatochlamys lampra (Pilsbry
& Hirase, 1904), ~ A ~ A4 ~ A Aegista commode (A.
Adams, 1868) ® 9fETH 1), A ILkxkH T ORERRME L 28
flibposz, REFCTRESNIEEREO ) e x4
FUIEEREEL Y N A MIBWCHEMBGEETH D,
2V~ A~ A Vallonia pulchellula (Heude, 1822) 13
WALkl N 7+ B F 3 Y Paropeas achatinaceum
(Pfeiffer, 1846) & & * I/\%7 Hawaiia minuscula (Binney,
1840) (ZESIMLkIETH 5. A ETEkO—FRA TR
FNoHFATFar IV BPRESETH 2D, KEHTOR
BEETHo7ov 240y TOMEEII R ro72. &
ART VHROFFEREIIROSNTB Y IR TEX 57 —%
XD 7S, RIEH TORIEE 165% (b7 v 7501,600)
X, B EIRYME ORIEZR 74% (BN T v 7282 ; BEA
REOVAREIIZES 2011 LD iEE L, AHERFEF v~
INADIEHER 212% (BT v 7H0330 0 AAH 5 2010) X
NIxA ol TS OEATHIF TIE KRS A
HWAEDORHEIITObN TR VO THMZ I TE 2w
A5, FAE LR S O AR TRk & FFEE O Ao e 2R
FNDHERTAEIICThHLEEZLNS.

2014 FEFED S O 5 M O L35 TOFAEFERIZ BT,
LA S 72 ) oA BEOMAEBITFEESh O & N L E
Tib £ <, TRARBRERN L OBROHTTid 15K
BT EBINT 5 2 EATRENT. TOEBE LT,
MEOEEHD L IZRREBIZIET 2 720 TS %
THEKGDL IR E L7722 LR L TW AT RENE
b, FH - (2019) I2BWTH, TEKGTEOS
W HLIE TREAE HEOMEEA S C 2 5 T EAVRENT WY
5.

L#ED7-0) O ARF IVOMEREEE, PaEo A
FOA> T WEHRI TR O S h o7, HEREER &
DOFROGHTTIE, & TORN TIdLEKS - TEAE
R - PR HAEEAEIC L D IE0EE RS, Lt e
RO R DM TIEEAR - R - HEAROHEIZ L ZIED
RENPIRENT—FT, BAREHOMAERIC X 2808
VIRENTZ, TNHORBERE DGR R,LS, B AR
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VBN O CUE 3Ky - B AR R L D b &
AR - HERAIEE L R o BN RE W EE
ZoEND, FUFClE, TEARGIIFRE TS o 728FAKR
EHEAROWESRDE L, AR Z VOHIEMARE A R
LMol LARSILVOF AIRIAL DS 5ET 5708
A ZNIEBIE A OFIEIZIEF - 72IRRETIHET H 2 & h 5
(K5 1987), HARLBMAKROHFIENERIZE > TEER
BEZERNTHLEEZOND. FNUIF LT, EilL7c&
IIHITIEERA HED; RO S o725, ¥ AR VO
EEALIR/ N THELD 3D 1 EETH 7. A ) TD

MY T BEAED A ) 7RSIV Luciola italica
(Linnaeus, 1758) WA ZEGMAEEGRA CIX, MEDORLE
HREVZ EDPHSNIZENT WD (Picchi et al. 2013).
FEERHEBITL £, MO THEN BN &
e ARY VEKRRO LV ol B ZEZ 6N 5. B
5 (2013) TOFAETIE, 35 m x 50 m ORESIN-#HiFHT
b AR Z VL BB & 13K & DIEDBRAVRENT
WBH, AWFRAEEOFAFHM (#9500 m x 1000 m
1b) LIEAT =V o Tn5D, KWEICBNTY, M
#5500 m x 200 m) AEDLNEI ML T, BE
AEHBHEE AR VI RITTERBEER RS 722 &5,
PEHEFAD A 5 — WS X o> TRHERDVZE DD TREEDNH 5
BT ANEDND 5.

AWPgE T, BEAE HEHORBGEEIC O W T, ik
ORI EFMREAERE ORI L o THEHDOZ < 2 5
WML IR R R ans. 7, fTE
K, EAR, HEAROBEIZ X 5 IEOFEIIR SNIZDIH
LT, 2FoMERICHEY G2 2EEER I =05 7.
Chiba (2007) »S/NEJEFEE O LS TIT o 7258 Tld, B
A HBAAMEIE 1Ky LB EE R E TRSIND AT
SoTIEDEBRLEADEEEL )T 52007 V—TI257F
b, SEREBIETHREOAENTRKIZE D Z LR
SNTW5, R TIE, BEEFEEZITIFHTHZR 0D,
BMAEAEED5E L TV AT CIIEERER =SS WS
ENHEM SN D 7280, [FEROFERIVR SN REED S 5 .
Ped: HEORIT T 2 BEEAFHICL > CSFSFICRR L S
Eix, ESOWERICE > THOHL I EN TS (Martin
and Sommer 2004; Hylander et al. 2004; Hettenbergerova
et al. 2013). EINTHEMETTE 28T 225, &
YIGIAROD AL Oy T, av Iy T, VI h
T O D% 72 ZBFERDS, e TRy, &
AL, ARARBEE & o> Tz 2 LIFEREWERTH 5.

KFFNIFEER L LTThbhezd, 7— 7 OFEE:
VA E OFMITIANZ D & < e KRR R AT I IR
BH o7z Blz21E, HETIE 1 EM L »AEEZIT->TWw
BT, (RO NTRERPEZATH 5 REPH D, 3
SELLEOFAED TN ALER & IO FE R & AT IR
FTAHIEIEFETELR, LaLaeds, FUHRHAHOL W
BBV CHEBEIIIC T — 7 2 DTV Z & T, AWMk
BULEIEEERRFETCOT— V2 /(A LENTED. £

DRIE LT, & AK Y b & Bk IR O BT
EAABER L OWEE WS 2T 5 L ATEL, &
1S DB R BT DRATIISEANE & A 7 R EFC 5
WTHERT— 5 AT 5 2 EHTELET TR, #
AR 51F 5 R RER O T B & (R MM 122\ T
LHILPITELZEER HND.

A EE

Z ORI IR F LA BRI R R 2 R4 X B
BRI R R EER O —BR & LT 2014 4EEEA S 2018 4EFE F
TEME Nz, FEEOERICBWTHBTOMELTT-
T2FAEER, HEANOYR-FETH O E 2w
(K- - woOb%5F5% 57 —7—A Japan] & [#iE
MOMNFEEKRLSE] DA VN—DE S A, AFICLELRE
BN 72n e SRS v & —, A
a2 72W e RATARFEZBIILL ) EH L ET.
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7 ML BBRO—HTH 5.

51 F3ZEk

Alvey AA (2006) Promoting and preserving biodiversity
in the urban forest. Urban Forestry & Urban Greening 5:
195-201.

Chiba S (2007) Species richness patterns along
environmental gradients in island land Molluscan fauna.
Ecology 88: 1738-1746.

Decaéns T, Jiménez JJ, Gioia C, Measey GJ, Lavelle P
(2006) The values of sail animals for conservation
biology. European Journal of Soil Biology 42: S23-838.

Faeth SH, Bang C, Saari S (2011) Urban biodiversity:
patterns and mechanisms. Annals of the New York
Academy of Sciences: 1223: 69-81.

Fu X, Meyer-Rochow VB (2013) Larvae of the firefly
Pyrocoelia pectoralis (Coleoptera: Lampyridae) as
possible biological agents to control the land snail
Bradybaena ravida. Biological Control 65: 176-183.

Fujita A, Maeto K, Kagawa Y, Ito N (2008) Effects
of forest fragmentation on species richness and
composition of ground beetles (Coleoptera: Carabidae
and Brachinidae) in urban landscapes. Entomological
Science 11: 39-48

F e - AR BS (2018) Ak ENEN kB
5 A ORIAE . 7 TR0 WSS ¢ 8792,

BN BT - B A - K3 #— - AR R - Dk o
(2018) b X K& VESLHEE L [ Ofb R OEE
OBk — A ETRAXKAHE RO HES] . % TR0
AW 5: 1-10.

Hettenbergerova E, Horsak M, Chandran R, Hajek



44 Sci. Rep. Fac. Agr. Meijo Univ. (%3 E222%H) 60 (2024)

M, Zeleny D, Dvorakova J. Patterns of lands Snail
assemblages along a fine scale moisture gradient source.
Malacologia 56: 31-42.

Hino T. (1985) Relationships between bird community and
habitat structure in shelterbelts of Hokkaido, Japan.
Oecologia 65: 442-448.

Hylander K, Nilsson C, Gothner T (2004) Effects of buffer-
strip retention and clearcutting on land snails in boreal
riparian forests. Conservation Biology 18: 1052-1062.

Ishikawa S, Kohno H, Mizuno Y, Masuyama R, Kitayama K,
Hino T (2023) Influences of weather conditions, natural
food abundance, and the spacing of feeders on the
feeding-table use by Japanese squirrels Sciurus lis in a
suburban forest. Mammal Study 48: 181-190.

Ito H, Hino T, Sakuma D (2012) Species abundance in floor
vegetation of managed coppice and abandoned forest.
Forest Ecology and Management 269: 99-105.

Tl B - R - R #oe - B A LR
R Hin (2016) b FHNEIZ SO FERE HEAH ORE A
EEREE L ORR . HARA D B S R 71 53-68.

B A - BT B— - Sk EA (2014) B AR VLR
ZEf AT EARENE IS E G 2 AR - S K
Sl & AL . IREEREFIISE 18 1 4554,

JIHE Z55L (2013) %2 TR DEX L O—FFRA 2012k HifF:
B ITRTEED | H YL, R IREWEHRERETE
Bfthakes , AE.

Laurance WF, Lovejoy TE, Vasconcelos HL, Bruna EM,
Didham RK, Stouffer PC, Gascon C, Bierregaard RO,
Laurance SG, Sampaio E (2002) Ecosystem Decay of
Amazonian Forest Fragments: a 22-Year Investigation.
Conservation Biology16: 605-618.

Lepczyk CA, Aronson MF]J, Evans KL, Goddard MK,
Lerman SB, Macivor JS (2017) Biodiversity in the city:
fundamental questions for understanding the ecology
of urban green spaces for biodiversity conservation .
BioScience 7: 799-807.

MacArthur RH, MacArthur JW (1961) On bird species
diversity. Ecology 42: 594-598.

Martin K, Sommer M (2004) Relationships between
land snail assemblage patterns and soil properties
in temperate-humid forest ecosystems. Journal of
Biogeography 31: 531-545.

Murcia C (1995) Edge effects in fragmented forests:
implications for conservation. Trends in Ecology and
Evolution 10: 58-62.

TAH - Koy HIZET - /NP ERR - K3 #— (2010) 44
BRFHENICBIT L AR IVYROGHAHTHE . 2R
K fEES 26: 1563-163

AR (2020) B EWHL v B A b 2020, BREER IR
BB WA . AR,

LR (2021) 7 TR Ok — A 2 AR EERR OB A &
. ATETRRE ARk Ak SRR Z R,

VElE #9 - Z2R HRAD - AimE 3K (2010) BEHZH, I I XHED
BT T VLV ERE LI ARY VHHOES LK

. Rk 1341 — 47.

K (556 - tRFE FIE - A B0 - 00 BN (1987) v
ARGV OERMEATE . A T AT ZE RS 35: 15-22.

Picchi MS, Avolio L, Azzani L, Brombin O, Camerini G
(2013) Fireflies and land use in an urban landscape: the
case of Luciola italica L. (Coleoptera: Lampyridae) in
the city of Turin. Insect Conservation 17:797-805.

Berbk & ViiER (2011) i RIRSMIE O & A R 5 Vil
AT Bk & VRS EE 31: 1-6.

Riley WB, Rosa SP, da Silveiral LFL (2021) A
comprehensive review and call for studies on firefly
larvae. Peer] 9:e12121.

Riutta T, Slade EM, Bebber DP, Taylor ME, Malhi Y,
Riordan P, Macdonald DW, Morecroft MD (2012)
Experimental evidence for the interacting effects of
forest edge, moisture and soil macrofauna on leaf litter
decomposition. Soil Biology and Biochemistry 49: 124-
131.

FH ZE - A 8% (2019) WRRENGICBITS
AR I (Luciola parvula) O EBRBEEHN. HeEiERE
2 24: 61-69.



Scientific Reports of the Faculty of Agriculture, Meijo University (%3 k&2 ) 60:53 — 63 (2024)

53

=

#

IFIWTTIHH SEEDH T 7T H O E
(REM - A7 FH - 3F3IAU5FHH)
T SR IE]
i AREFNL, L Mtow, Shodo, Brian J. Smith, Ryuichiro Machida (2021) Egg structure of five antarctoperlarian
stoneflies (Insecta: Plecoptera, Antarctoperlaria). Arthropod Structure & Development, 60: 101011 @ N % % H &K 35 T
B L72db0THsb I F3IH 77 78 HDS5M (Eustheniidae @ Stenoperla prasina, Austroperlidae @ Austroperla
cyrene, Gripopterygidae @ Zelandobius truncus, Megaleptoperla grandis, Acroperla trivacuata) O 717 7 5 O I &
EEEICEEL, I F IS IHEEBIOI TS IHICBIRINED ST Y NI vk LT, RERIVEES
L OB N BRIRIZ - 7290 M O BLFIE, Eustheniidae 721F T 7% < Eusthenioidea D EM 2 A IRAETEE & At 5.
Austroperlidae ®JE, # L L T Wik, EEoOXIF U EORE, FREICH > THL T v LI S 72800
% %D, Gripopterygidae OE7E#E L 4 #7777 #i H W EFHO SN BT 5 RS20 2 22581, 2o Off& A a7
WIREEL 722 L 2RI 5. #H KL L Tk, B X CIIMABRIKICESI L, ZOBERECHIASIIOAREI IR 2 &
A TS IEICBTS 79y T U ERRYT. — /T, CNEFTOMBLRELRY, FLLAIRREIFIIT S IHED
Eustheniidae & Gripopterygidae, ¥ % #1777 ZHiHORIEHEIZB T, ENEIVHIERN SNIZIREN LB & Al S
ns.

¥—TJ—K:H9U55H, 3F3IH7U7F5HiH, Eustheniidae, Austroperlidae, Gripopterygidae, Jifit
Comparative egg morphology of five antarctoperlarian stoneflies (Insecta: Plecoptera, Antarctoperlaria)
Shodo Mtow

Abstract Aiming to reconstruct the groundplan of the egg structure of Antarctoperlaria and Plecoptera, the egg
structures of five antarctoperlarian species — Stenoperla prasina of Eustheniidae; Austroperia cyrene of Austroperlidae; and
Zelandobius truncus, Megaleptoperla grandis, and Acroperla trivacuata of Gripopterygidae, were examined in detail, using
light and electron microscopy. The flattened egg shape and the micropyles circularly arranged along the equator are
regarded as potential autapomorphies for not only Eustheniidae but also for Eusthenioidea. The eggs of Austroperlidae
consist of thin and less-sclerotized chorion, a gelatinous layer on the surface, and micropyles roughly and randomly
arranged along the equator. The attachment disc in Gripopterygidae is largely different in the ultrastructure from the
anchor plate of arctoperlarian Systellognatha, suggesting that these structures were independently derived. The thin less-
sclerotized chorion is a potential groundplan of Plecoptera, along with micropyles arranged in a circle, including those
circularly arranged along the equator of the egg. On the other hand, in contrast to previous understanding, the sclerotized
and hard chorion is likely a derived feature, which has been independently acquired by Eustheniidae and Gripopterygidae
of Antarctoperlaria and Systellognatha of Arctoperlaria.

Key words: Plecoptera, Antarctoperlaria, Eustheniidae, Austroperlidae, Gripopterygidae, Egg structure
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&

#1747 H Plecoptera &, MR KEZ {3 XTOKR
[ 2 &% 3500 FEASFEI S 4, 1ZIFTRTOINE L %)
WK A D % FHiiW A Polyneoptera [CFTE ¢ 2 RIHTH 5
(Fochetti and Tierno de Figueroa, 2008). #7775 H®
AMFEMMEICE LT, EFEERSINTE Bz,
Kristensen, 1975; Zwick, 2009 ; Beutel et al, 2014) 2%,
FAEDTREF B X O Rt A HRERL (Misof et al, 2014
W2&B, oA -7 v TBIETFONT VAT )T
M= 2RSS RBER T 7 A0y ) 37 AR EED)
&, BT T APSHREO—HTH D I L R ORET
% (Ishiwata et al, 2011 : Yoshizawa, 2011 : Wipfler et
al, 2015, 2019 ; Song et al., 2016).

HIrT BOSEERICELTE, AHEIFINTS
Z i H Antarctoperlaria & ¥ % 174 7 # H Arctoperlaria
D2HHIZHTITHERDBIL L EZFEINTWE (Bl 21,
Zwick, 2000 ; McCulloch et al, 2016) : Bi#& (X R kD
AERBLARZEL—H T, BEEIICILEERICAERD
L, 5&& % Euholognatha & [F] i #f Systellognatha @ 2
OTH»OLHR SN, ZhEn6Rro%db. X5y HTT
SHHDOZFENZFNO T BIZBIT AR M OEFEAR LR
EE o TWwiw (#Flz1E, Zwick, 2000 Terry, 2004 :
McCulloch et al, 2016 : Ding et al, 2019). Z#LiZxtL
T, 33N IHEBOEHANTORMERIL, LR
(Zwick, 2000) B & 05 FA % (H 21X, McCulloch
et al, 2016 : Ding et al, 2019) D W% 2> & ¥ 27 1%
LNTHBY, 4 34775 7 H H L Eustheniidae &
Diamphipnoidae % % t» Eusthenioidea &, Austroperlidae
& Gripopterygidae % & ¢r Gripopterygoidea @ 2 2 @ _FF}
2T ehs.

W21, RO Iy v NIV OFEES
L ZFORFEHNERICBTHERRFETHSE (Hlz
¥, Machida, 2006 ; Mashimo et al., 2014 ; Tomizuka
and Machida, 2015: Fujita and Machida, 2017). L2 L,
Miller (1939, 1940) 2 X % [d] 5 $8 @ Pteronarcyidae ®
Pteronarcys proteus, B & U Kishimoto and Ando (1985,
1986) B & O Kishimoto (1987) 2 X L [EEHEHDOH 77 T
% Perlidae ® 1 I &7 51 7 7 T Kamimuria tibialis \2 5
5 FEM IR, BLUOEETHEEHERO W Or0fHE
BB 3 5 itk (Khoo, 1968a, 1968b ; Kishimoto,
1997) 2 DZ2WT, H77 7 HORAEFW R ERITVZ
W R Tdh 4. &L, Mtow and Machida (2018a,
2018b, 2019, 2020) E A U7X I BB X OLHBED 75
Y RTITOMEEEOSL, HRIZERT S 9Fo*x
LRy N R LAV AL YAl B E Wi 2 B ) 1 B A
DHATE .

EXOOFEDOMIEE, 77757 HIZBVWT, EEORK
MR SN, PSS NG L b ORI E
THET LI EERPEL N E L2, Z OF#IE Mashimo
5 (2014) 12X o TR SN ZHHBEO A0 2 EH

[

IRETEO—2%/R_RT T emb, W77 7 HNE il
D—HTHDH I L@ {RET S (Mtow and Machida,
2018a). F 72, &EESIE MT FH 77T F Scopuridae D
A NI Y BT T Scopura montana \Z BT HIE T
BRSNS EESE R B X OERE 7 7 7 T OFFM 72 5L # (Mtow
and Machida, 2018b, 2019), BLX U 8FOF & H 775
HHOZINS OREEIZHET %5 (Mtow and Machida,
2021) AT\, TN H TS T HOREFNG 7T
VNTIT D=2l R B L)L LERKE L. E5HIT,
EHOLOF S AT ITHHOIEEOMIE (Mtow and
Machida, 2018a) (&, EEHEFHOHE CEW LI, BL O
[ EH O I AR BT 5 HEARES & SR DFFTEA Z TN D
TIWV—TOWREWNR 7T v RS S v &RL, FEHEE 3
FIATTFIHATHONG, BB L 22905805
T HORENR T Y R TT U RRT W) Zwick
(1973, 2000) O RfEEL—F L7, L2L, #7775 7HD
EREAICET BRI FELIIAETELTH L. 2, 3+
IATSIHEEOFEAEFHMBEERTH Y, ST
ZIF M EE S L OEA I E B EBIg 12 o W
MWL OPOMENRDH L ITBE R (Bl 21X, Zwick,
1973 : Hynes, 1974 ; Stark et al., 2009).

COE)BERNL, EFXLIEFIIFINTSIEHO
FEFMELRMBL, 40, =2—Y—F Y FIZAR
55O IFI AT FHH, %45 Eustheniidae
D Stenoperla prasina, Austroperlidae @ Austroperla
cyrene, B & U Gripopterygidae @ Zelandobius truncus,
Megaleptoperla grandis, Acroperla trivacuata DY % AT
L7z, RWETIE, 2534757 78 HOEESIED
B—db LT, INLO5 MO EL EER B L O
RIS FREMEE Y W CREMCBIE L, I -3 277 78
BLUN U7 HORMFWER ATV, TNHDID T
TV RTT R PEET 5.

M B L UOHE

1. ##4

20204E2 HIZ, =2 —Y =5 Y FIkBONAS - F7 -
TVryT AW, 5T HHOKEN BRI TRREOKE
% b 2 3 JIl (Tautau, Waiorohi, Kirikiri streams) T
Eustheniidae @ S. prasina, Austroperlidae @ Au. cyrene,
B X U Gripopterygidae @ Z. truncus, M. grandis,
Ac. trivacuata DR Z|EL 2. ThoDH 5, Au
cyrene, Z. truncus, M. grandis \& Z I E A A 1 AR,
Ac. trivacuata ® A A AR HET SN2 % 572, S
prasinag D A ZNIFEIIE T I L7270, BHII &2 BT
AR DR A 5 F HY L 7.

2. BE

Bo N FmE Al (0.1% Triton X-100) % &t
AP ARk (Ephrussi-Beadle i) THEd L, fdt ¢4l
L, V) T7AF—W T2 REMEZEL, 01 My 3w
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FRiefri (pH 72) W T4° C THREFL7:. S prasina B &
W Ac. trivacuata ®—FFOPNE H — VT 24 B EE L,
70% % J — )V CEIRTHRA L7

3. HFTEYIEEIE

SOOI L FEARBME (7 14 5 S8 APO) THBIZL,
FUINH AT (Y XA OMD) THRELZ. Aw
cyrene DY ZBIET B 720, IR EZNA VO TE AL
CzaryyRru~v— Ly X585 L RS (=
I Optiphoto-2) THIZL, # A5 (=2 DsFi2) T
Hrg L=

S. prasina B £ O Z. truncus DYRIEH IV ) 7 A F =i
THEE L7, 1% MERbA A2 2 7 4T 1 B EREE 21T
W, T =) = ATHKL, TRF TR (Agar
Scientific “Agar Low Viscosity Resin Kit") TaHL L 7-.
Blumer et al. (2002) (ZfEvy, @@y (B 0.75
um) %% 4 Y€ FF 47 (DIATOME Histo Jumbo)
mIEFEL-YVNT I 70 =24 (RMC MT-XL) % Hw
THAR L7, WR1E01% PvA P> 70— 0 THEL,
HEWEMEE CRIZE L, 7 X T Tlgg L7,

4. EFIEMBER

EAREFHEMEE (SEM) BEo-o, FHENZBE
WVRERE (FFN VS25) THEL, 1% MER{LA A 37 A
TIHMBEEZIT, T8 /=) =X TRhKL, B
BN E RS (tousimis Samdri-PVT-3D) % H W Tz &
W, A ANy yEE (HRETF JFC-1100) % HWwT
BFEEWIL A IV, SEM (~ 7'3 >~ SM-300) Tl EL
15 kV THEIZE L 7-.

M. grandis ® YR IZHE K o SEM S0EE B 512 X 5 L
BT 4 5 728, Takaku et al. (2013), Fujita et
al. (2016), BPAS (2018) IZfEvy, /7 ZA—wiEiIZ & p M
HA 7o/ JI%E 1% KUAFTF LI LESY VE)
7% 7 — 1 (Tween 20) AR¥EMHIZ 1 RERIIZE S &, 430
DOER T B 720025 ETHEY, A1
EHF~T > ML, SEM TII#&EL 5 kV THEIZ L 7-.

S. prasina, Au. cyrene, Z. truncus % BT E T AN
(TEM) #ign7-0, ElkozRE 2 REIRICUE L 7250
=54 XYEY F) 47 (Drukker Histoknife) % 2% L7
TNV bEZI70b—ATHEHYL, EZ75 nm OMEY N
RS L7 YA IZE4 (Inaga et al, 2007) BX U7
WSS (Venable and Coggeshall, 1965) THeta L, TEM
(H3Z HT7700) THN#EEE 80 kV TE%ZE L 7.

I\H%

REIIOF) v 5= a VIZIINOKEOF ) T2 T —
vavicEoOWTHRESNS. FH S1E Wheeler (1893)
OAEARM R FEHREZ LT O X ) IBHi LC, 2777 o
DOF)TrF—TarxEdk L7z (Mtow and Machida,
2018a) : (1) MEASTERL & N5 R 2 IR D4k, & DRkt %

JOFIRE T2 5 (2) 7% ML T AEMOEIFET %
WAL Z RO, O IO &5, 2oLz
fE9 &, IR EEO— T OMIZTER S 1L b Au. cyrene
(Austroperlidae) DO II DRI M % BT E 5 @ WK
SNAMIIHBMTH Y, TORIDVHIBTHSL. LaL,
AFZEICB W THOEOROfE & 4 ) =y T —2 3 I
B9 2 1EHIIE LN TV ARWnzY, TREDFEDIIDF Y
IV Fr—3aryEUTFTDOIIICED L. S prasina
(Eustheniidae) B & UF Ac. trivacuata (Gripopterygidae) (2
BT, Mo Eustheniidae (Zwick, 1979 % &), b
@ Gripopterygidae (Hynes, 1974 #&), ¥4 77455
M Hev oA RH T 7 T F Peltoperlidae (Mtow and
Machida, 2018a # &) % &&, FEROIIEELZ L OH
IS HTOEREREZL L, WERIRBRICRFETHD L
PR END. Au. cyrene \2BWTIX, F¥ BT IHEN
ERM&EOI% 3> (Mtow and Machida, 2018a % £:#)
CZEmn, JNOREHNIFIZEEEFETE D, Z truncus B
X " M. grandis (Gripopterygidae) (2B W T, #1F
NOI A (KR CHE LI I 777X 7HH
DI A BID Z O« B8 1% attachment disc & If-5)
W DD, AR & ($K, Mtow and Mahida,
2018a x M) b B FEEEO N 77T LR, HEE
W3 B HINDFHIE, ZDRKD L RT LR TE 5,

A " B I

1 Stenoperla prasina DY8. (A, B) U8, # 5 (A) B X
OIF7(B). (C, D) J8o> SEM, #45 (C) BLUHIF (D).
(E, F) JIM® SEM (E) BLXOZDHEK (F). ZHIH
DRI ERFUNTENZNINOHI A& I %2 7R T
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Tpm Exchi Ench 100 nm

Exch1 200 nm

2 Stenoperla prasina D INEE. (A-D) JIfE D TEM, 5
D4R (A), #oE 3 BXU 4 ok (B), 4405k
1B 208Kk, MR, BLIUIIERE (C), #HI
7% 1-3 DA (D). TAYVAZIZHMNE 2 BLOY3 (12
FAETHE G EE T REME%2 /R, Ench, WIIREE:
Exch, #4907 ; Exchl, #M905i% 1; Exch2, #4907 2;
Exch3, #F90#% 3 Exchd, 78Uk 4TS, A0k
faD 5 A VIRREE VM, JIE R,

1. Stenoperla prasina (Eustheniidae)

IR Bk R, 230, At AMICRFETH D,
EAAIZEHE 450 um, FHIF 230 um TH Y, BB TH
A (K1A-D). EEH2 um OFIIEEZ 2 155905 20 ™
P 2s, FREWmO LT 25N2EA T 5 (K 1A-E). I
BILINE 2 REY) 0 RGBT L CAATISEAT L, Je B
#F TR & L ¢, ERMNEFHEBE T ClEb 32k
Fefed LCRBaks s (M1B, D, E). JURIGINMBE D
HTIXE L KD L) 2efgdE (K1IF) THH, I
FEONMBILETY 9y 72T 5 (FEEmX O Fig.
IGEZHOZ L),

PN 2 @ DBk, 3 b AN & NI, & L TR
TR SN S (X 2A-D). INRIZIEFIZIE &l
WHTHDH, HMIFRIIEES 15 um TH 5 (K 2A) 25, il
MOFPIZES 5 um & #v, YRRk 4 Fig (e P
7RI 1, IRAVEBIZAMIRRE 4) TR S S (X 2B-D).
ARONE 1 IXE X 25 nm (REH LSO CRHI) CTETF
EEPEWETH L (K2C, D). ik 2 138 X 05-1
um OHFBREOETHEEDOBTH L (KM2C, D). 7Rk
SIIRFLONIIZDOIEE % 502 BEVITEETHY), 4t
2 X b T RICETHEENK (X 2B, D). #Mi%
2B LU 3 IEE B L IRETFHEOEEO W IRO MR
RHAIZESHEE (K 2B-D) THY, BETHEOHE R
HiErzat (M2A, DOTAY Y AY). #4138 &
350 nm DEFFHENEVETH ), TOERBEIELE 150

nm, &3S 20 nm OEFOF A VIREEETHEESNS (X
2B). PINFRIZIE &# 20 nm D IR I2H < BFEE O
J&Tdh s (H2C). IEREITIE S 50 nm OB T 5 E 2K
WETH L (X20).

X 3 Austroperla cyrene ®YN. (A) §0, HI%. (B) JIFq. (C)
JEF9o SEM. (D) JREE TEM. & FLIZIRF % 7% 5.
Ench, I3 Exch, #M:: GL, €7 F Y E O
MpC, JPF%E ; Pe, RBAILE ; VM, IR © Y,
i

2. Austroperla cyrene (Austroperlidae)

T REAER 350 um, AR 320 ym Db T NICERL
g A TH Y (K3A), EWFRIIEZ 5 L @I
EWRAZ D20, L7 ) —2@rx3hro-dEtar BT 5.
BI3A TR &) ICRMIHIRICTH 5. BT S NP0,
ETHERZIELS, KPTRECERT2EITF Y EORT
wbhhsd (K3A). EHEH2 um D 6225 10 DY AYIR
OFRBEHIZH > THLC T v F 212 By T4 (X3B, C; K
B O Fig 3B Yo k). ZRENOINMILHEIH
WBAETL, UM I CGEITT A (K3B, C).

UL 2 BN, $ b bR & Nk, & LCOn
wWECHK NS (H3D). It & THHE R bidz
L, APRRRIEIE S8 750 um TERFBRENSHVWETH D),
DR ZHERCK T O FERIROREE TR E S
% (K3C, D). WINRIIEFHEEIMKL, 3420 um
DL HECBTHL (M3D). IIEBITANIIHL D S ET
BENECEEH 50 um DETH S (K 3D).
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N .

4 Zelandobius truncus ®IN. (A-E) JID SEM, #i H(A),
7 (B), 7709k (C), 7L —7—IRDEH (D),
M (). (F, G) SRomEE oty (F) BLU77
YORBOYEKR (G). FHIEEFUTENEN L — 5 —
ROEA LI EZ RS AD, ##E# Ch, UI%E: CP,
M4k ZSE ; Fg, 7907 1Y, I

5 Zelandobius truncus DINE. (A-D) I TEM, Jp
oLtk (A), IBOIERBLO 7T v VLD
(B), NI DI R B LOPNEEL(C), AT 0K (D).
B 7708 REROREFEEHRELY RS AD,
PeAE s o Ap, &AL CP, MRz ; Ench, WIN
% s Exch, #8905k Gr, BEBRAOTREOETR
DKL Pe, JERHMILE RS, AP OFLIRAEE ;
VM, SREE Y, SR

3. Zelandobius truncus (Gripopterygidae)

JIEEERIROTERER 720 L, AR 220 um TE 2134
160 um TH Y (KM4A, B), EAZINEA 5 E B WIIH DS
HRZDLIZONE T ) = Ao -HBERET S, IR
B, F—2sROMTIE, JIREIIE um OO F#EIRZE
ETHESN (K4A-E), EEK 10 um ® 7 L —% —Ik
DM A D 30 6, M BIRICESI 35 (K4A, B, D).
7 L—% —IROMBOBIREYORT 12, B 05 um
OINMIAK 10 8, A < FRICA L, IRP9E 23907 % 2t
DIZE . IIBBAN B EORER) D 5. Ik TS
BRI > TN 79 v 2T 5 (K4B,C,
F. G).

JUREX 2 O IRRE, b BAVINEE S IR, 2 LT
PR CTREL X A (K BA-C). PIFRIEIE . #RPR% I
JEEH#) 5 ym THREEOETEREDOETH ), ToNMlE
BELEFILOA Yy b —27 (GMIloB O BigE s
Lmoiz) DEETA05 8% %3 (5A, B). #i
R D ZEFNI AN D FIFITI i e E > TBY) (K
5A), 77 Y VICHIET A ERITEFHEMUHEEE S
& (K5B). NIRRT IEEOETFHE CTHE 4 150 um
DETH%H (FI5A, C). INFEEIZA 20 um THIIRE L D
DIPICETFEEIECETHS (5C).

PeAAIRITE S 100 nm O EH ORI S %2 & 4 E T8
PO E TR SN, ZOIMATEFTIC IR BREOE T
JEOFR S EE LT S (H5D).

6 Megaleptoperla grandis Y. (A-C) Yl SEM, F/ A—
VLR g A B2, mi(A), #5(B), E(C).
(D) B ETUIL 72000 SEM, #il. AD, 5
EZ, 7R, M 6D T/R$IIE SEM Dl Ok 1
WHEARAWZ DOTHY, WFREEBIZNHEL TV,
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4. Megaleptoperla grandis (Gripopterygidae)

JHE R R RmFEC. Eifilh & i 2 2449 300 um, 250
um THH (K6A-C), EMHRINED & F O IIEH A 2
L7200NE 7 ) — Ao AR R T 4. WA EORES
HEDIRAA B 5 (K 6D).

PEARERT I L D Bk e B Ekica i o s (M 6A-
D). IR E TH 5. mitEks L OERLERORI) 3
5O 1 ORI BIREZE L, EE 1-2 um OLBZENE
NOMEREED A Y ¥ 21255 (M6A-D) —iT, %
FEROBRS 35D 2 OYNFEB L UREW I TH S (F
6B, C). #MAEROESEBEVINZROB LD I D 212H
% (6D ; FHEFRLD Fig. 6D O &) (K 6A-C
TIEIEEBRIREIN TV D), Mg EN P o7,

5. Acroperla trivacuata (Gripopterygidae)

JRIERIZ A IR RITECh Y, B e neh
220 pm, 180 um T 0, FEHZRIE D S F A IIEE 5%
FTHRZLIZDINI T ) =205 o0 2T 5. PRk
BRRHETH L, ORI RIRTH Y, #2 pm
DABFERERTHESINS, INMIBIE SN o7 &
B, IEEOFEMIIEEFR L O Fig. TA-C BV /272 %
72\,

=

1. 3F73IH757EBDIMEE

FHEOLRIIFINVSIHEBOIRIET S50, T
7z 7 5 Eustheniidae @ S. prasina, Austroperlidae @ Au.
cyrene, Gripopterygidae @ Z. truncus, M. grandis. Ac.
trivacuata O YIREE % FEMICHES, FEHL 7z, DLTFTIUE,
RSP IAUSTHE OIIREEIZRE T LTI O TR D &
TS 5.

1-1. Eustheniidae

Eustheniidae @ 90 &, = v ¥ <TI2 LLF o 2 i £
(Eustheniinae & Stenoperlinae) 10 i TRl# I LTV 5 -
Eustheniinae : Thaumatoperla robusta (Zwick, 1973 :
Hynes, 1974), Eusthenia venosa, Eusthenia sp., T.
alpina, T. flaveola (Hynes, 1974), E. costalis, E.
spectabilis (Zwick, 1979) : Stenoperlinae : S. prasina
(Helson, 1936 : McLellan, 1996 : Smith and Storey,
2018), Neuroperla schedingi (Illies, 1960 ; Stark et al,
2009), Cosmioperla australis (Hynes, 1974, S. australis
& LCREt#R  McLellan, 1996) .

AWFFEIZ B WT, EH 5 1% Stenoperlinae ® S. prasina
OYNRE & FEMICHRE L TR E A OO
(Helson, 1936 ; McLellan, 1996 ; Smith and Storey,
2018), ARMOIIKEEDHERUILL T O X H IZREIMTE 5.
%B, TikoFE#HoH 6, (2) 6 B) EAMEIZLS
AR TH % (1) INIETRTICRP Rtz 2351 (2)
IR <, 4@ 5 7 280, EC AR, EIREE

PS5 0 (3) 15505 20 DYIFIAS/REE T LT 2512
FEH$ % ;5 (4) JOPTE IR 2 B0 L AREH & PATIZEAT
3% (5) IHRIFINMEONMOBHET T 7 v 7% R
T 5.

Ui e R o HE L (1) 12 B3 L T, Stenoperla DA% @
Stenoperlinae D fi ¥, #Hl 21X, +— A M5 70 C
australis (McLellan, 1996) °E 7 * U 7 O N. schedingi
(Illies, 1960 ; Stark et al, 2009) & i 12 ¥ 7 I %
EEFEEOI LML NTEBY, Zwick (1979) 2D &
9 72 - 72 N HE 7% Stenoperlinae D IRAEN 72 75 7 v
N75 v THDHEREL . Eustheniidae @ Jf 5 o 4§
B (2 IKHELT, s ShzE—oEHETHS S
prasina DI, JE BELINRIC L > THEHE OS5
LUREHEA D B, e 3) » 5 (B) ITB LT, AW%E
i% Eustheniidae @ IO IIFIOFEM 2 12 U TREdk L, IB
M2 OFRENI B L, JIPIE ARG & SFATIET T
5T EAaIRLI:. FEEOIIF D554 LI E O EATHA —
A KT T DL D% ® Eustheniidae O ff THIEF ST
BV (Zwick, 1973, 1979 ; Hynes, 1974), T Hix 7
7 H1Z3B W T Eustheniidae IO &AM SN 5 5E# TH 5
Z & 25 (Diamphipnoidae (B L CTIZLL T 2ZMR), it
5 OYIFTZ B3 2 R ETENY 72 Eustheniidae O [ A )k
ERE AR LY A, F 6B) ICBALT, S. prasina 2
BT, IIMEONMBIIERIC 7 7 7R E b 2k
ZRIBLZDS, FEEOBEIINE TV 2T LY
H Zoraptera (Mashimo et al, 2011), > @7V E N+ H
Embioptera (Jintsu et al, 2007), % ~ % ') H Mantodea
(Fukui et al, 2018) Z% DWW DPDLIMIEIZHB VT
WEIN TN D,

Eusthenioidea ® b 9 —2DFCTH LM T 2 U HICEHE
@ Diamphipnoidae 2B LT, TN F TIZLLTF D 8D
B DG BAM S 72 LB AR RS 2 VW B LS
SLE S T B Diamphipnopsis virescentipennis (Samal,
1931, Diamphipnoa virescentipennis & L T it # : Stark
et al, 2009, Da. samali & 1 T i % ; Vera Sanchez,
2017, 2018), Da. annulata (Illies, 1960 ; Stark et al.,
2009 ; Vera Sanchez, 2017, 2018), Da. caicaivilu, Da.
colberti, Da. fresiae, Ds. helgae, Ds. oncolensis (Vera
Sanchez, 2017, 2018), Diamphipnoa sp. (Vera Sanchez,
2018). 216 DOWFFEIC L 41E, Diamphipnoidae DU b -
ESHRTT, W ORI B TINM2SFRETE IR -
THAid s @B sNTnwb (Stark et al, 2009 ; Vera
Sanchez, 2018). Z 15 O 4581 Eustheniidae O Fif# &
M35 &5, Eusthenioidea® 777 ¥ N7 v %
IR IREMEEDSD 5.

1-2. Austroperlidae

Austroperlidae ®¥liZ 2 T TIZLL T 4 i TR
T W b Au. cyrene (Thomson, 1934), Acrupoperla
atra, Austroheptura neboissi, Austropentura victoria
(Hynes, 1974). T b O ATH7E & £ 8 5 O Auw
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cyrene DINOBIEIZ BT HRELERIIAL N W,
Austroperlidae DIEEDFFHIIL T O LB TH L. 7
B, TRRLOFEEDI B, (3) 25 (5) ITAKRWFIZL 25
HATH 2 0 (1) INTER % D & L7 sk g T
7)) =W roHBERET S (2) EF SN2
EETTFVEORTHES NS ; (3) JIBEIEMS THi<
BEALLCE 5T, KAV ER THE DD I,
HOCNINRE, EWIIEBE TR E NS S (4) 605100
UM SR Em I T v 220 5 0 (5) JIFE X
BHIIANT CTETT S, EENIZ, EFHIEINS O
#s Austroperlidae D75 > R 75V BR$TE# 2 5.
B 1) & (3) &, 4 F A 77 5 F Nemouridae @
Protonemura intricata (RoSciszewska, 1996), &V 717
75 % Leuctridae @ Leuctra autumnalis (Poprawa et al.,

2002), % # 7 T F Taeniopterygidae @ Brachyptera
risi (Michalik et al, 2015), b7 % #7780 I 4 b
747175 (Mtow and Machida, 2018a, 2018b) @ X
IICHMARI 2 b OF s U X FHHETRHEE L@ L v
5 (FiLo 2. 7777 BOWELC BT 20T ED LS
Tholzh? esi).

1-3. Gripopterygidae

Gripopterygidae & Antarctoperlinae, Dinotoperlinae,
Gripopteryginae, Leptoperlinae, Zelandoperlinae @
SHEICHR EING, I FIHT7F7XFJHEAOFTRD
ML EDOE W7 )V — 7 THh 5 (McLellan, 1977 ;
Zwick, 2000 : Fochetti and Tierno de Figueroa, 2008).
Gripopterygidae D YR & IZ L F o TR ST w
% : Antarctoperlinae : Araucanioperla brincki (Zwick,
1973), Ceratoperla fazi, Chilenoperla semitincta (Zwick,
1980), Zelandobius pilosus (Death, 1990), Z. furcillatus
(Smith and Storey, 2018) : Dinotoperlinae : Eunotoperla
kershawi, Illiesoperla australis, Neboissoperla aplina,
Trinotoperla irrorata, T. nivata, T. yeoi (Hynes,
1974), Dinotoperla brevipennis, Dn. serricauda (Hynes,
1974 ; Yule and Jardel, 1985), Dn. bassae, Dn.
eucumbene, Dn. fontana, Dn. hirsuta, Dn. thwaitesi (Yule
and Jardel, 1985) : Gripopteryginae : Paragripopteryx
agna (Froehlich, 1969), P. munoai (Benedetto, 1970,
Jewettoperla munoai & L T it #& ), Gripopteryx juteah
(Froehlich, 1990), Claudioperla tigrina (Stark et al.,
2009) ; Leptoperlinae : Cardioperla lobata, Leptoperla
bifida, L. cacuminis, L. kimminsi, Newmanoperla
thoreyi, Riekoperla alpina, R. darlingtoni, R. reticulata, R.
rugosa, R. williamsi (Hynes, 1974) : Zelandoperlinae :
Holcoperla angularis (Wisely, 1953, Apteryoperla
angularis & LU Cie#k), M. diminuta (Michaelis, 1984),
Nesoperla fulvescens, Zelandoperla decorata (Smith and
Storey, 2018). L% L, AT THRITH S,

AWEZE 12 B W T, & %& 5 1k Antarctoperlinae @ Z.
truncus, Zelandoperlinae @ M. grandis & Ac. trivacuata

OYIREE = FEHICREIE L, Z truncus 12 B\ CTIdE AT
BIHEMEY A CINEOMMESE OB T 72, Z
truncus DINEIZELFEE L 725FLA Y b T =27 % & D4t
PRk, HGANIRRE, EWVCIIEE TR S NS, FIRRICEE
L7e5dlAy b7 =2 2 b DI —A T ) 7o 7TH
@ Dinotoperla (Dinotoperlinae) P 1 o & A & 1
S EIZE (Yule and Jardel, 1985) ThHE SN Tw»
. L7203oT, BELLZRILAY bT—27% b D0HEIX
Gripopterygidae D 75 » F 7S5 EDEEZ 5N
5.

AWFge THiEr L 72 3D Gripopterygidae @ 9 &, HIFT
X Z. truncus DIPTORFIM 7z, IIFTZIP O R T B
RIZEEHN T A, Dinotoperla & 4 FEOIRMIE, 1 2 HEED
FEPHCHEE L THEAET S (Yule and Jardel, 1985) 75, &
TWIBRIRELFI OETL L AT 2 ENTE L. L7z o T,
PP O BRIREEHIE, B %E /Y 7 Gripopterygidae @ 75 7
75 D—feAhndINnNb.

Death (1990) &, Z pilosus (Antarctoperlinae) @
WEEHOBEHE ThobbESELRELA Ly
L, &8 3o Gripopterygidae TR B SN TH S
9, Smith and Storey (2018) |2 LUZE, HiZoOMEI D
B EBFEIBD Z furcillatus DYPE D & fFEFE L 7290
WIERERR SN o7z, LA L, RWIZETIX Z truncus
(Antarctoperlinae) B & " M. grandis (Zelandoperlinae)
D2WOIPIZHEB/MVAILET 5 2 &, Ac. trivacuata
(Zelandoperlinae) DOUNIZIZFNDHFEL W E 2 H S
22 L7z, Gripopterygidae ®HRIE A 775 BIZBW Tk
bEEENICEZHTH Y (Bl 2IE, Zwick, 1973 ; Hynes
1974), FHNDO$XTORMBEIZD2 o TOIEED S5
LOEMBLETHL. L, IFIATTSIHEERL
U" Gripopterygidae DIEEMBOIF 2 RO L 720012, LIF
OEIFEEEN (1) IFIATFIHEBAIIBNT (—
#8 @) Gripopterygidae @ A& (Bl I & T 1% Zelandobius
& Megaleptoperla) ¥ % % H 3 5 5 (2) Zelandobius
WEREHARG 79 02 bR ) FELEEEL D
5, JERE (Zwick, 2000) B X 05 T AMEENT (Terry,
2004 ; McCulloch et al., 2016) 75, Zelandobius % & Lo
Antarctoperlinae 7° Gripopterygidae @ #x £ #5755k # T
HIEDIRIBENTND ; (3) Megaleptoperla & Acroperla
? 2 J& % & {r Zelandoperlinae (28T, McLellan (1977)
2 & B A fiAT 72 & O RFEEIITGEL, HEEE O
Megaleptoperla 75758 % & 7272 \» Acroperla & V) JRAHY
THWI EZRBLTWS., RO TRTERTZD &,
KDL IHEMTE 2D Ltz (1) EERITIREN 7
S v K75 & LT Gripopterygidae ®# i THEE S
725 (2) Z OWEEIL Zelandobius X° Megaleptoperla 7 & D
WL OPDOTFRISHA S ALz - (3) L LZIUEBgEmIc
BAL L, Z furcillatus %° Ac. trivacuata 72 ¥ OO T-#T
AR L 7.

AT IHEBREHOIISMN L ) EAEEEL
b O (Isobe, 1997 ; Zwick, 2000 ; Mtow and Machida,
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018 x&M). ¥4I FIHBOHKEIFIHTT
FHLHOFAERL, KOG EE LEESES L
WO RRBERIIIT 721 T 7 <, A7 & b IZIRRBIC AL S U
TWh70, FENHEm Ty EWIENT5. LarLl, 2
NE QBN S H DD, A7, IFIATT T
HofEA#E L lEEoBlEicBnwTxy 177 J7HH
DOFIRERECELRLZEEHOMILE I F3IH97
THHOEERITEROBRREEZ DO, Zo k) 2k
& X H 77T E D Dinocras cephalotes, Perla marginata
(Rosciszewska, 1991), Perla sp. (Rosciszewska, 1987),
7 3 A 7174 5%} Perlodidae @ Isoperla J& 5 FE (Michalik
et al, 2017) DX ¥ A 77 ZHHOFHRIIIHFAEL
v =, X5 h 7T H ORI oK ICEK
DO F ) VIREEESAFAET S (Rodciszewska, 1987, 1991 ;
Michalik et al., 2017) 25, O X9 ZEEIEZIFIH Y
roMBOBEERIIIFEEL V. LT, HEEEL
T FNEN I F 3 777 T H @ Gripopterygidae (@
—H) ¥ AT IHHOREE (O—H) TORHDS
NLZZERBEFTZDE, IFINUSrSHHOBESEMRE S
5 71777 7 Wi H OO M OFAFMEIC B LR 2 B
WPLETH 5.

2. W75 ZBOAXICEVTIRIEIENDLS TH- 7=
h»?

Zwick (1973, 2000) & (1) I F3I A7 7XFHHEF
¥ H 7 I EOREEIZIE K AL NLHEAL L 72 J05%
BATTFIHDOT Iy RTT 0 ThHY, (2) HVIEE
NEYATFSHEHETHEORENE# TH L &L 27
Mtow and Machida (2018a) (&% % 7 7 F#iH 9%} 9 ff
DY & FEICIIZE L, Zwick D% % 177 ZH#H O
T 2 RMAWKGEL, ZORME L7z, LaL,
Zwick B L OEE L0 77T H OIS % fam L 72241
W2, 373 AU T HEH OGS A MRt
T, TOWMMEEICHET 2 MAITEETH -7

KWFzeik, I F 3797 SHH 3RS IS
FEMCHE T A LT, IFIA TS SHEH OIS
DG EFILS . KFROD o & HFFFET I
1%, Austroperlidae ® Au. cyrene 7% b > THE b A
Wil Z o2& s, I I AT THE OB E
WCHEALLEWDITTIE W E2HLPIZ L2 ETH
5. b9 —oO0iH E X, Eustheniidae @ S. prasina &
Gripopterygidae @ Z. truncus OREEAL L 72 W P5% 12 BY
LC, Wi OINRDEE ST, MW, REOH
PRIIFEE L -Gl A Yy VT — 2 DHEELLILETH S
L, SN e EE R ER Y RT LWV HTH
L. UNBAEEIC BT A 20 L) FERIE, Eustheniidae &
Gripopterygidae D IEWIIFE A Z N E D FE @ 1 CHl7 12
BEEINUEEISEWZ L 2RT. WL, 202k
i THEALL22EWIRE | 253 -3 AT SO I
YRTITrELTARELRWITREEDRY. T TEES
D%, Austroperlidae 2%  BE L L T Wik &

&, BLXOX Y A7 HEEEDFEARCH B
LTwhwiiiks b ->2 & Thsb (Rosciszewska, 1996 ;
Poprawa et al., 2002 ; Michalik et al., 2015 ; Mtow and
Machida, 2018b) .

AT H, BRI FINTSIHEEO LY K# %R
W AMRE L., S5 2FMARINZROWIEILETH
5705, DTy 7)) Fixg4chsrH - (1) HEL
L72E Wi Cidze <, MR- L T e WIS A
IrSHDTT Y RTT U THDL (2 TOTTY Y
F79 1+ 3I 4757 71 H O Austroperlidae & ¥ %
A AEERICHAKS N 3) —HT, ELHE
HAL L 729071, 3 53 74 F i H ® Eustheniidae &
Gripopterygidae, ¥ % #1747 i H @ [6] 15 %8 C M7 124
5 &N 7z, Gripopterygidae (253778 HA) L
W (X AU THH) OYNXFREOREE O RE
% ¥, 1-3. Gripopterygidae T L7z & 912, 2 b
D% 1L Gripopterygidae & [A75%H CTZ L2 TFATIZHES
ENFEEZOENDLO LB, BB L 72E i d
BanE2ZoN5.

AWHFEIZ £, 1-1. Eustheniidae, 1-2. Austroperlidae,
1-3. Gripopterygidae T X7z k912, I F3IH TSI
HOREHZZMBIZB VT, I RERICHT > TW»
LHEVWIHEEEEOT, WIRIZOMAT 2 &—FLTE 5
CENPHS R E RS/ FE AU TSHEE (Mtow and
Machida, 2018a) (28T HIIFIAERIRICELSIT 5 & —fik
ILENTWDLZ L2 EETLHE, JIMOBIRETIZH 77
SEOBEN RS Y RTI v ehhENS. MO
REHN I Z 338 (F121E, Uchifune and Machida,
2005), |H#%H Palacoptera (f 2 (X, Ando, 1962), 4=
448 Acercaria (B121E, Cobben, 1968) 2B\ T—f%My
THY, H77 7 HIZBTARIKEY OIAF @ HL T
HThb nI77HOIEED STy ¥ RTT v %
EEBET L0, 5%, IFIAUTSIHEEEEL TN
TOFEEL RGN L 72, S5 755 5647 ige s
VETHDLEEZD.

B

RIFFEDBEITIZH 720, el THRE A 72 72 72 T HHFE— BB
it Sk RFILERE Y Y ¥ — R ERT), 3530
77 M HORERHAETTICH L CTH D V7272w
Brian Smith X (=2 — 3 — 5 ¥ FEKSKEZERT)
WK D EHER L R ET
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