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Evaluation of the Imperial Palace’s Green Spaces Using Generalist
Flower-Visiting Hoverflies

Yuju Horiuchi"** and Norio Tanaka’
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Abstract. The Imperial Palace, located in central Tokyo, constitutes a substantial urban green space
that supports a diverse assemblage of species. Recently, urban habitats have been recognized for
their potential to conserve pollinator communities; thus, the Imperial Palace represents a valuable
site for ecological investigations into plant-pollinator interactions. This study aimed to evaluate the
pollination service of the Imperial Palace by investigating hoverflies and pollen DNA analysis
deposited on hoverfly bodies to elucidate plant-pollinator interactions. Surveys were conducted
from 2021 to 2023 at 12 locations within the Imperial Palace. The results confirmed 29 species of
hoverflies, including four species that were previously unrecorded in past surveys. A total of 102
plant species were identified from the pollen grains deposited on hoverflies, of which nearly 70%
were recorded in the Imperial Palace, and alien plant species were also identified. The species
compositions of hoverflies and pollen assemblages differed between the Fukiage Garden and the
Imperial Palace East Garden, indicating different responses to natural and artificial environmental
conditions. However, Ninomaru Woods, created in artificial environments for nature restoration
purposes, showed a response similar to that observed in Fukiage Garden, indicating that pollination
services can be enhanced through environmental management. These findings demonstrate that the
analysis of hoverfly species composition and pollen species can serve as an effective monitoring
tool for evaluating urban green space quality and pollination service quality, including invasive
plant species.

Keywords: hoverflies, DNA barcoding, pollination service, biomonitoring, the Imperial Palace.
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G AEELRGEHTER->TBY, SHeEOL
B o TWwa, T4E, FAEENEDHREIZ
LB HEZ — CAOBIAM AN R L 25
TWB T, #RHIB DAk AN A= 3d 8 O A4
B ReEnl; & L TR THREEICEEE S -
T\ (Cavendereral,2019). 2EMIZIE, &»
7 BIRIRBR OFE 5 WK FAIBE R0 HE i S A7 R R ER bR
SRR S NS BITE E TR 4 e ik b ERIE DS
§ 570, 2T - 2 oAV LT
5 2 L, RO OFEMBREL DO RO S — Y X
FREEZ S L, MR L2 M 200 EE L AR,
L. —HT, BRICBWTIE, ThETEY
AT CTE 2D DD, Fily - EBER O
AYHAAHEERICE T AMEIISNTI %
oz,

HRTIRIZ BT 2 Kl — 26453 R o0 B AR LAk
DB LT L7, flily — E0E OMEE
FldiERE L ENREOEEEOIRIZE L L TE
) R TWnWAEEEZ NS, —
FT, £=%) 7RO 0I2E, BENZR
FETFEPATTRTH Y, ZIU# L 7T A %8
FOFERSEETH S, RWERIZBNTIE, FEl
Mae=%) 7@t b ) 2 HA%0nE &
LT OY =471 X MlifE# (Klecka et al., 2018;
Lucas ef al., 2018), Q@#SHIE, TD 434 (Gathof et
al,2018), QB N T v FICL BHEOES &
(Chen et al., 2004; Rossi et al., 2006; Villa et al., 2016)
EWVOWEE L ONF T THETELRE=Y ) v
FIEE LCRT L7z, BIEICBU A BIEHRIC
B3 NF T 7H (RJE, 20000 2SETEL, #@FEEO
TEIBEICETHIENTELZTTRL, 4
SRAAWTEDE L L7z Ay YT =705 T T
HIZBWTRENS % E (Horiuchi et al., 2022) O
HRRERADE=F ) ¥ 7250 L 72 W BRI ASRIE S
TR ZEBVHMALHHETH S,

Z 2T, ABFZED HIEHEL LA LENIC AL E T S
BRIZBWT, #ilIRE~O N 7 7THOIS
Bk & AER LY — U R EHIIT A 2 LT, i
EHARREHICERMAEHLZ L L
2. Z020IZ, 1) Iy TICLVERETED
NFTTHEHEBEREORRE, 2) NFTTOM
FR & BRBEORE, 3) NF T TR FE Rk
T B E BSOS T A2k
L7

MR RUHE

BEMSE S L URESE

AR TIE, BEENO 245 (Fla) 2B
T NF T 7HEOKE N v 72X b EREL,
20214F10-11 H 124181, 2022 4F 10-11 H 12 4181, 2023
E1 A2 EM L 72, SiAm S oMEIEER]
DY L5 TW5hH. F72, 2022-20234ED5-7H
WO ANEMNC RN 2 A % SRSk L 7. %
W Fhr Wb 72012, KA TOREIZITH
& 70 cm DR —VIZHED, #fh, HBORED —
F(NT v 7MW :10x10em) BMFEL/ZZNT v 7
AR L7 (Kb, o). R&EE 1HHOBIZH
T v T REREL, MAREBEOBRIIINT v 7D
EEMX L7z, B|ESNINFT THEIZ, T
FRELRED, BREE L L ICHFEERTo 2. e
&, 5y 7omB X O OFGH % il itk
BRI N 2 WK D ICHEBE S — T WO INY,
FT) T F =TI ANT, HEEIZT
20 °C 4 CHRAF L 72

FRABTEBOBEBES LUDNAN—TI—F 1 >
JTnth
IO R E ST BT T THIZOWTIE,
20214E B X UF20224E 0 10 B 12 F7 4 L 72205 15
Ll ISR, BEMEET IS TRENA
T ORBFEOTRE L, METELEELRTE
WHZ BB EADAT Y LA EFHWTY vy — L
EABEE By T4 728004 uL OWHE
HBREAHIZE AL, 02mLPCRF 22— 7N F L
72, FDk, F 22— 7P DNA 0.6 pL [#
B © 0.01% sodium dodecyl sulfate, 0.01 M Tris (pH
8.0), 0.01 M EDTA, and 0.1 g/L proteinase K] % i/
%, 37°CT604 [, 95°CTl0 R A >~ F o
N— LT, fEMkis S DNAHIHZ 17 - 72,
ML FRET H7-012, VRV —LADNAD
ITS#HIH % K S ICDNAN— I — F 1 » Z i %
To7z. e ODNATIEE Z$I & LT, et
DOFEEIZH L 72 ITS T8I (ITS2, #7450 bp) % %512
PCR % 4T 72. PCRIEUGDAMMTEIL, 1 pL D#E
DNA, 0.05 pL @ MightyAmpDNA Polymerase version
3 (TaKaRa Bio, Shiga, Japan; 1.25 U/pL), SuL @ 2 %
MightyAmp Buffer version 3 (4 mM Mg2+, 600 uM
ANTP % & &), 03uLDI0OpM 7 + 7T — K75 4
~ — (ITS-p3; 5-YGACTCTCGGCAACGGATA-3;
Cheng et al.,2016) &) /N—Z 7T 4 < — (ITS-u4;
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TIP.09  TIP.10
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TIP_01

TIP_07

1. a) ki b7 TOREMERM, b)HidE b7 v TOIVE, o bk T v TTRES NN F T T

F1. HRATHLT O

Hb i %4 ER 33 & et BREE

TIP_01 T BRI R npuw i)
TIP_02 HEAR N B e WA AL T S
TIP_03 HEAR N B e TERES T

TIP_04 T BRI (R

TIP_05 HEAR N B e 1T PR R P

TIP_06 T BRI AR A

TIP_07 HEAR N B e Kitbf

TIP_08 HEAR N B e ALZE LA

TIP_09 T BRI INT EfE

TIP_10 RS AALERATE ()
TIP_11 Bil L 7oA Ak 7 B ZOMHERM AT E
TIP_12 B VT 7R / B KT O A

RGTTTCTTTTCCTCCGCTTA; Cheng et al., 2016), HARE UL % 68 °C T 1047 & L7-. PCRIEIRE#E
335 UL OFRE MK E Lz, nSGte LT & YWoORERIE, Mupd (32— v F, ®E) M
B E g C T2 i L 72 &, BAM% W, 2uL OB E 1% 7 A0 — A7 )V TER
98°CTI0F), 7=—1 7 %50°CTI5%, MK  JkEIFZIC, GelRed THefL L, UV T TBIZT
FUE% 68 °CT13 DA 7 V& 35EEY R L, i % Z &2 E DITo72. PCR EEW X Tllustra ExoProStar
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(GE Healthcare Life Sciences, UK) & v TR # %,
PCR UG & [/ U 7T 4 ~—% v T Big Dye®
Terminator V3.1 CycleSequencing Kit (Applied
Biosystems, Waltham, MA, USA) T7'0 b 2—)L|Z
o THA 2Ny =2 TV ARER AT 72 A 2
Ny =2 T AROSHK, T8 7 = VILBakIZ & 0 #E
%%, 3570XL genetic analyzer (Applied Biosystems)
2 & 0 AR 2 e L7z, 155 IR EERCE
T = #122WTUE, GeneStudio Pro software (http://
genestudio.com) & F\V T 7+ >~ 7 IV 21T\, Local
BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) % i
WCHFE MR 21T o 72 OE ) B TIZONT,
BMED 95% P L TH—FIZHI ) B ToEN LY
A, EHEICEH ) L TERITY, FEA0HI) LT
DREERGAIIB LV ETOEY L TE L7z

& B M

kT TOBREMSEICEIT L NF T THEOM
B L OEAREOME, NF 7 THOREN SR
O OE % FHIT 5 72012, JEFtmEk
JEREE: (NMDS) 12 & 5 F5Mb % 17> 72. NMDS
WX BT CIEEAD L 2 L <z, FE
LTWRWHAIZ L D@ ICHESND. T
#AtY 7 MR (R Core Team, 2024) B X UFvegan
7% - — 2D metaMDS B #0% Fv ¢, RO
BLL22REH S, NF T 7O B X OTEhEE
TRICE B L7e. A, R0 T — %
IZDOWTIE, 20212520234 F TOT— % % 1
W, BB O T — F 120V TUE, 202140 S
2022FEDI0H DT — 7 Wz,

fBRE&EER

RESINANFT T TREEATRA T & OEHER
JEMOKEE T v THEICB VT, 29HED
NG T THESHE SN (R2). BEFACHERE
ENLBFEHNONFT 7 (RIE, 2000) & LB
T5HE, REEOH%IHENT v FITL VIR
Lahz BERECIERERTH oML LT
IAT T XA eIy T7TT, EVFEETINFT
TR UNFT T, aTT) AT T D4
D HEER SNz, a7 T ) ) AT TIZOnT
&, HEHEL v KU A MZBWTXERIZ B W
FIEIE (NT) IZIRE &N TWw b GRS
2023). F72, BEVFEET INFT T EREWHE

VT BEEEHZNICB W CHER S L. fh
FNT v THEEEIHAEO PR EoNFT T
HEMET 2N TELO, FEEMTHFTT
THOMEZ LR T 2 K WO A b % Fik
D—DOThbEEZ LN KB THC A

NT oy TIIBWT, FEMARESE 0> 7 B3
L, MANRNGERETHLEAV LTI T T (0=
448) THY, VT, xVveALIF¥T7T7T (n=
104), 77 "NFT7 (n=73) THotz. T/,
NT oy TEREE LS TICBWTIRET A L
DTELFEE, AV eIy T7TETT T INFT
TO2HEDATH > 7.

W2, REME T EonF T THEOMMNE X
OMEAE 2 NMDS 12 & D fgdr L, P bic 7oy
FL7z (K2). ZoRXY, NMDS O 18 (i)
HIENZH 2 & HREOE IR L HZE O H )
HilcEF e EFoTTuay PENLZDIZHLT, A
T 7% 2B oM BEREETINB L ORI E
OMFIIETICT Oy b EN, ZODOHIED G
ncroy bEN Fo, 1EHOMEIKE Wi
PRSI ETH o I
BB O L Wb 2 O 2N 7 TR,
Flcgary~xFFe Iy 77, FINYALUnI
FHNFT TETH 7. — T, 1EDOMEH /N
Sl ElE, BESMSEICEROMETH Y,
29 Lo E e o oo 7 TSR, EIL)
IRYETIITT, TIRIYETIITT, FIn
FTTETHoT. IO s, REMZLAE
BIEREEAATIE NF 7 7HOREENELR Y,
BEBESM 120t o TNF T TH ORI T 5
CEMIRMEEENT. F72, NMDSO T Uy MIB
W, WK ERIZE O H T & BIEBAITE N o Hr Y
Ze MBI, ZOHHEARRE (TIP_11; K 1a) A&
LTz, ZOAMFEARWE & 5l 5 15 (TIP_10, [X]
la) $TOMHEEZN16S mTH o728, HETE
T2NF T THE ORI R > Tz, oMM
AR DOBRBESATDS, BIREREE & EHIRBE O M /523
HHELTOWLHEN RS THDL I LD, NFT
THOMMEIIENEEZ SN AT, =
DO IHEARMIEIFRH T RB T AL TV S HERMDIE
LR BRICER SN AR TH D, RS
DOBBIZHHEUL TWDE 20, NF 7 7THOIGE
DOFBWERTHERTH L EEZ N KHE
Hp OB 2 BRI S, NF 7 7THOIEIS
2RI EEEEClE e <, BREEE DS 2 M T
HHIENEELEZ S BER A -V
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WNELTH, NF T THEHDOIBEDE TN
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W 2 2 L RO % 5Hli 3 2 — 2 DgiE &
YY) BEEZLNT

BEMSZEDONF T THOERMBEIEHDORE
#ARK

INT T THOREN B OSHT OFER, 2021
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7z (IX3). 24EM OM4E TR S - AR
AUTEFHTH -7z, 2021 FF 64T S, Z
DIETORPH ENT=DIZ20HIETH > 72. 2022
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DIZ46FEFHTH - 72, T 7o, TEIHTIC X 0 M
ENFAEMFED 74.5% DS ESF Oy (LY AT
72T, 1989) IZEE SN TH 72, —ik
WIS, NF 7 7HEIIREMRE T MEEE RO/
B, KEMNBEIEHOLETOMDRIEIETT L
WIFECH H EFBRS v, L L, s hde
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WIS, NF T TEOFEME & FERC, S5
AEFHE 2 NMDS 12 & 0 fi#fT L s 7 a y b
L7 (M4). ZoIZHB\WT, NMDS D24l (#E
) HIENCR S & HAREORE IR LHZEN O H
HAKOTEHICEE EF->TT Oy hENLDITH
LT, AL EEOMmBEREEILNO I
Ko EFRIZ7ay b &, ZOo0HIgIZsNnT
7y N EN7z. NMDS D28 DA B iR > Th
Ll 2O MEA K E VHLE (TIP_09, TIP 11,
TIP 12 [X[4) (CHBL T, 28D fED/N Sl
TIEHHE L Zh otz O EMH L, BEh
MIZBW T, R EEIZEA & 2SN TlEN
T T THOAREMN ECH B R Y, K
N TIRAEWENSERETH o 72, —iIIZ, N
TT7HOLI %I 227 1) A MHEREIZBNT
W, FEY - EAE B O EAER DAL L, =45
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%oo -------------------------
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