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Human-wildlife conflicts caused by invasive masked palm civet (Paguma larvata)
in urban areas of Tokyo
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ANDOXFHE LT, 74NV F—=RHBETHOF 5N TW»
HZldHBHH, TANVF—I1IRFEFTVORKE R
BI2OWNRFIT VKLY, TAANTEL YD
BAZHFLTVL LW BRYEH S, $72, 4D
[FAT A A Tl NI A1 T o 7248 F D —Ef
DAL TV B HEBIDIA SN2 H, FEARBIGR A
TR EWEROEHBROEMHE NI EY ViTk o
THL BTSN TWDHEBINA LN, T ORI
WOWTRENZEY YIZE B30 RIAHTH S
B, SRR E DGR T ANy — %kl L
Twizk LTh, ThAEKDHILR NI Y Y HE
WZE o T, ZNAHY s & v Hflh D - 7-
728, DL BRERDBNT Y Y OFRBBEAN
DRAONE R STWAEZ LI LTHEEVPLETDH
b0 72, 2D LX) BRIPRIANOREKIZH 2> Tl
BERA TG THELENTZEY VIZX o THIES
N, WEOMENR L B> TLE) ZLIHEREL
RUIFNE RO, T2, SRIOMAETIE, V) 7+ —
LRSI X BRI ICAE LB 2N E Y Vs
Ff$TEVIr—2bHEN, 29 LEED
U743 —=2RWEIIBVTIE, V77— 4 - B
T DOW A A, S, MEORRE & v o 72 JEKIC
X0, BERSLITOLTOMICKESTES L
Vdhbo MLEHIINTEY YOHFEE WS
2O LBBEERESNTLE ) 720, TOHBI
NI UHPRBALTLEI T —ADDH 5. GO
AT, WIS TR ZBBSRALNE LTHM
ENTWHBID 1 RS Nz7e®, EESLE
ThH b,

INSORANCHEL TWADIFE, #ATE L

THELTVWL2EYOHTPRALNE L oTWS
r=ANHhHEVH) T ETHbLH, WRITIREDZE
& B KRB, PR T 2 EELKE LD,
RIS - SAEEORPEML T2
72D EOEEMNIIH L TV 225, ZORREW 212
IR L TRALOE LTHH SR TWE W) 5
FIZH o TLESTWD, S (2011) 1 3HEE
DL LTIEREI2cm, B & 6cm O, #ED
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O, WRICE DAL LBEICE L CE, Blakr
REMEIZXY, B2 Lon) &Y, 6cm BL
FOBEEES W EPEETH 5,
MFen5HoMREE LTid, HZEIZHMZ 7 —
YrbBHZEIZEoT, WHiEoONTEL YDAV
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K LOVEAZ 721, HERRA b3 ba—
ViR SEOEHIFE K & HEEMHEOILE B
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FHRAE LTz niei3h, RN 58)
SEWEREET L 4 H ) HERASTOFRRIE
MMRICIBEHIX TN E Y VERBRFEEADRATIC
MLCTHEEZM-> T2 E, FTOBICEY % T
FNA AR EEREREWZET L, $72, H
K, A&ty — - 74 - v —o/MRERZK, 3
FHBHR RS OWE KRB, 7Ry 7 ZpEHERK
MO 2 RIEKITIZ, N7 E Y v oBikoiRt
R, WERBORRE Vo -HELREROEMZ L
TWh72ExF L F/2, AWMREOKES, R
BZRBRA IS R V7272 & F Lz Shiivie
P72 ERRIC O X D BELR L LT,
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The relationship between the home range of raccoon dogs and their fecal pile
sites at Field Museum Tamakyuryo

Akino Inacakr™', Yumiko Mise®, Koji Yamazaxki***°, Shinsuke Koke*!

Raccoon dogs use latrines (fecal pile sites) for defecation. Although various hypotheses have been suggested,
such as latrines constituting a place of communication between individuals or a sign post to their own home-
range border, it remains unclear why raccoon dogs use latrines for defecation. We investigated latrines in
the study area, captured several raccoon dogs and fitted Global Positioning System (GPS) collars to determine
the raccoon home range at the Field Museum TamaKyuryo of TUAT. Additionally, we discuss the relationship
between the home range of raccoon dogs and the position of latrines. We captured four raccoon dogs and
fitted GPS collars, and we confirmed the location of 10 latrines within their home ranges. Nine latrines were
located on the outermost line (100% minimum convex polygon) of dogs home ranges. Therefore, we suggest
that latrines may be used by raccoon dogs as a sign post to indicate the boundary of their home range.

Key words : fecal pile, Nyctereutes procyonoides, raccoon dog, Tama area, urban forests
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1. BC®IC

RV N7 XX (Nyctereutes procyonoides, LLF,
72 F) IREOHEBOLIIHRY R LEL T LY
HE2do>TBY, KHEIFE—OLIIHEELT LI L
THEIIIFEAL LY [720% | LIFEh5E, ¥ X%
FEEARICEKEHAL (MEHERT, FEbRE) TIT
A b0, KERXKRIZOITEHEET KRS EHBES
LI ENL (FHHEDS 1997), BHEORELFE L
7eDEEFHTHI L BASNS (Yamamoto and
Hidaka 1984) .

TOR/OBFRIIOVWTIIEAKRMOITI 2 =47 —
varoly [THEZERT 572004 YRR
e E DRk A IR ATRIE ST E 7278 (Ikeda 1984,
Yamamoto and Hidaka 1984), W F 722720 %#Y;
AREOFRIIOVWTITIE - &Y L v, FRIZ, &%
X OITEIRE & 7203 & OEBRICOWTIE,
KDPORGEDVRA DN TEZA, ThEFTIXFD
TEHBBRMICH WO N T E -BHEBERIE, VHF 5
DBEWFHEEL A AATZEM 2 ¥ X FITHD
F, BEBEEIrSOY—2Y (BF) #EMT S
LY, WHREEDOTEZBHT S DTHo
2o LLZOFETIE, WERENIKEL, 2
IAE DT E % AT o 725 35 T OB O 18 15
Lo fRonznizd, MR ITEERL 2 HoN01
BNEWV)RED DB, —F, IEOEY A
WwH A GPS e w7z 8% (DL, GPS
Hig) TiE, REEZ22D Y 7 241D 72D AL
EEHREPGFTE, SHICHERED/NIVEN)
2 Uhls 2017)0

2T, AWZETIE, MK THENESTH S
HRBTR¥ 74—V I 2=V T AZERE (D
T, FMZERRE) I2BWT, BHEEO Y X ¥ 24
ML, GPSEmWZEALTY XFOTEHELZHL
MY B LIRS, ZOFMHND 7 X F D72 3EY;
EONEBBRAEMGEL, ¥ XX OITEI» 570Ky
DOFIHIRI & HEE L 720

2. BRETGE

2.1. BEH

AWFEIX FM £ ke RO\ EF11  12.6ha,
N35°38" 18", E139°22" 42”) & % @ J&8%kH#h (16.3ha)
DFF289 ha AL & L7z, BbICIiZ®EH, =5
5 (Quercus serrata) DO \5T 5 EEBK, AF
(Cryptomeria japonica) * & 7 ¥ (Chamaecyparis

obtusa) & - 7 (Castanea crenata) FHH & >
EMGERENEIN TS, 757 F (Dispyros
kaki) °AF a7 (Ginkgo biloba), YVFY (Actinidia
arguta) ¥, ¥ XFPEREXLFITT 2B D
% HEF LTS (Hirasawa et al. 2006, &S
2010)0 F 7z, IRVHEIPATTREIZIEZT A< A HH
(Pleioblastus chino) HEXL TWb, —7, Al
HOFBIHEHHPLHFEY) DL VERICH L TB
D, FRHIEIOW S TS,

AAHICA BT ARRMEREE L TIE, #XF0
fil, =7 F 7~ (Meles meles anakuma) - 7
¥ ¥R (Vulpes vulpes japonica) + 754 7<=
(Procyon lotor) + 7 %2 (Felis catus) OB
AEINTW5,

2.2. AEFHE

Y XFEMMEL, GPSEWREZEAIELI LT
Y XX OTH T — & WA L7z, #iEIZ20134: 7 H
PHIIFIEPTTFMEZEREICTHEZHWT
fTotze HBNEIIE N Y 77— FEMH L7z, 2655
THEEHNI50g THAHZ &5, Sikes b (2011)
IZHDE, HWOEIPKREDS BN E %S X
9, 30kg DL EOBREMEKRD A% EEOFR E L7,
ZFORn, ¥ XX ELBIAREZFHIL , 30
kg ARl DA IEERLITHER L 726 30 kg L ED
il 1K 1X Zoletil® (Tiletamine hydrochloride &
zolazepam hydrochloride ® {E & # 8 mg/Kg ;
Virbac, Carros, France) %\ CABMEL 7z 1k
& PRI E SR LRI RS L, Rk O
W22 L EERL ThLRERE T - 72,

GPS H i 1X GPS BEfEfT % o AT A (NTT
FaE CTG-001G) IRV b2EEZELZDOT,
TATHZE CIIBE R T T4 7~ 12855 L7k R
POZOEMESFHAEIN TS (UK - {0
2012)0 F7z, X FEMRE L CRBOHEER
WK W T, BREE ZE L 2 ud 22
AIBAT 7235 T O WAL D K= 1298%, £ Thwn
ETATIETION Ee>TBY, HABYWOITHE
PRIZ GPS BB > 2 T BEE I KA R TH B 2 &
#RLTWw5 (Takeuchi et al. 2012), A I1X3045
BB CREM &AL E SR BE)TRET 2 L ) &E
L. 304 kg (304 - 6045 - 90%5---48I¢fH]) T & o
RBIREE 2 Red 720 T72, MR S IR & AL E T
Wobic, ur—ar (k) #@BLTNTT K3
FICX DA SN T SRR EERE U L 72,



FMZEEIZBIT A5 XED-0%EY (FHES) 11

Z E50m PAY - 100m PN -+-500m L I & §R 7o
HEMEZRLZZDDTH Y, N IR D PO HIPH
HEEV B0m LINT & SR EE O A& v
TAiT> 72,

BONUAL T — & 1%, WAL S iz i S 48R
el TR T b N o 2 A 2 AR T & A7
L, HINZBRAGD & B\ L 72 5 % C & AL
& L7z WAL T - 2200 ) B, 35750
m U EGEINTZEOARZ MR L7z e
L7ze F72, 7 XFORE)HHERCRE)HE IZEH &
W THRE 2 2 LD HE SN T 5729 (Takeuchi
et al. 2012), o N727—% % EH L &K TX )
L, ZNhZNofNiE L 305 1 TOBEHEEDF-
KD, TOB, HMAEOUAINE P OFE 0 H
oMK B L OHEKL % EZRILE (URL:
http://eco.mtk.nao.ac.jp/koyomi/dni/; 20184E 4 A
100 MR OF =516k, HOWM»SHH
DAY FTHR BRI LL, HOAW2HLHOME
Th WM & L7 72, 3005 H OB
WhRo LB, BEEEME W ET—51
PERR L 726

72D EILONRIE, ¥ X FOMER IR %
UKHICHAE L, 15708y Z2iR Lz, Z
NoOOIPE, & XFOBBIIEICHLZY, ¥
XEFPFHLTVDE I EDHEREIN TV,

EHIC, GPSEWMAEA LY XX —E,
NODDOELGITIHEONTH S, FHUOR Loy
WZED K ETORMZEEZ ROz, 3 GPS Dt
ZIEMOT/NX 5D 50 m AN" THbH I L x %
Z, WL L72mioH b, KDY 5450 m
DNICEENZHEZIREML, ZThH 27208 %
FHLTWA EHEE Lz 5612, s hzmo
6, F—O7O%Y2 514850 m MNIZEENR
TWwab ROk E KDz, 2L T, Thad
XEPHOFE L7208 ZHNL T TORBE L
72

3. #® R

A TlE & X F ORLER 4 WA Z i L (Table
D), %% L7280 78 1£100%MCP Tk No.3
A/ (35ha), fEAA No7Ah% Ak (128ha) &7 -
72 o HHNCHER L 27-0%0 5 b10E T, 8
BMEAOFTEIE P ALE L7 (Fig 1) 2512, £
NI H 9 EANE, BEMEROTTEE ORI 112
frE L7z,

T2, BHRLAZS XX —E, HDHOESITE
DWTHHLFHUE L7z L T TORHE
WTIE, F24RER IR TR U738~ - T
 BHEN LA 72 (Fig 2),

200m

Fig. . GPSH#w CHEM L2y X F 4 k07 BB
HE) oG oME LA

200

100

TR R BE0mELAIZE S S

o 10 20 30 40 50

L oLl

Fig. 2. GPSH i % 275 L 720K D F — D72 b 835 % §l
N5 ECOMEEE, Bl 7205855 F
P850 mELPI O 222 & il — 0 72 0 JE 5 12 B O D
CETOWMES, MO RT

Table 1. FMZEECTHiME, GPSHEGZEA L5 X F O

o WAL A
¢ I i xﬂ:'bg & ~ 00
ID e AR (Kg) Bl wr e O0OMCP
No.2 A A 20134F 7 H 40 7H5H 7 H13H 9H 5.1
No.3 A A 201347 H 41 7 AH11H 7 AH23H 13H 35
No.b T A 20134E10H 3.0 10H11H 10AH17H 7H 10.2
No.7 A A 20134E11H 3.0 11H15H 11H21H 7H 12.8
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4. £ ¥

7 X EFDOITHEIZMBIC L > TRELRLEL L
BHISNDH, AWDF X FO7HERZ 1 A
52 MM EFEHICHRONAMMTH Y, FARHE
WAHEBTH TR DI T D 2 7280, FTEIE (FReyhEh)
EATIIFRIC RTINS R b DL o 70 AT
TH XX OTHBEE, #E L4 ¢F1610ha (100%
RAVERD, AR S 1994), B THKEOITEE D
#129ha (95% [ %E H — & Wik, Saeki et al. 2007)
LIEENTWA X I, Mck-oTIZEYIEKR
LATEIEEZ b Do —h, —MWITIZAO DI Ak
TIEAMPLEREOLZ VERBTHEIN TV Z &,
B L URIEARIC X 2 B8 R EE IR O 17T A3/
LTWhEEZOND, 207, KA b dim
DO VCERLTEBICH L TBY, FARCITEE
DFF/NIHEE TV BWREEDNE Z b b,

T/, fTHE L oY L o EBFRTIE, %<
D72 DIEEHATEIEY L 72 7 X F DT O Ry 56
BEIAIE L7z o720 #EBITonWTdH, FEY
WCABHPICHRE L TV AHBERE S A T T,
GPS Bl 2335 L T\ g X F HS[a i g 1 e 22
TETWAZEDND, MMOBEKRDRIVEH EALE
LTWAIREEIE RV S E TOME TR
DATEIE OB L A2 720 FESEHE S b ] e
RS TBY (B4 1998), 4 Mo GPS & i
O EHEE - SBETOTENEIRC LY, 20
WG HATEIE OBER Z R A Y RA b & LTHHA
ENTVBLIREEIEEEL kol vz b, /2, &
BOFERND, KoY % 1 HIZ 1 B OBEE TRl
NTWLWHREMAVRIE S Nz SHUE, — DT
KOb070%Ey%, EMWCKHLTwsZ L%
IRTHERE VR Do 511, 7208y ToHEE
HATORBEILY, FHMEOENRENS D
DNA &k, e ici ), oo
BEZ SOICFHII L TV 2 EEE N5,

-

R TRFOMEMFEIZ, FM L EE RO/
B IGICIE, BALRAE OS2 fIE L Tniz7E L
LI, FMEZEREETHD Y X 30 HEBERE L%
TRAL W72z, AR E 9D & w ) BB RO
Bz X o Tirb 7z,

51 A3k

RANZEE - REFRIE - LB - A (2010)
FM % & It.p% O 1ha [E & i A X A2 BT 5 EAH
BB X OMAEREER. 74—V
A, 8:85-105.

Hirasawa, M., Kanda, E, Takatsuki, S. (2006) Season-
al food habits of the raccoon dog at a western
suburb of Tokyo. Mammal Study, 31: 9-14.

Tkeda, H. (1984) Raccoon dog scent marking by
scats and its significance in social behavior.
Journal of Ethology, 2: 77-84.

Saeki, M., Johnson, P. J., Macdonald, D. W. (2007)
Movements and habitat selection of raccoon
dogs (Nyctereutes procyonoides) in a mosaic
landscape. Journal of Mammalogy, 88: 1098-
1111.

BIArEL (1998) BMod & X X, 4L HkkE, A,

Sikes, R. S, Gannon W. L., the Animal Care and
Use Committee of the American Society of
Mammalogists (2011) Guidelines of the
American Society of Mammalogists for the
use of wild mammals in research. Journal of
Mammalogy, 92: 235-253.

AN - ISR - BE Ob— (2017) RZUEE L
FUEOMAD. I M, B

Takeuchi, T., Matsuki, R., Nashimoto, M. (2012)
GPS cell phone tracking in the Greater Tokyo
Area: A field test on raccoon dogs. Urban
Ecosystems, 15: 181-193.

AT - ARG - WEHEAT - FIkSE - 5
H (1997) TREHs] FIHIRRSE X O F 4
FHIEAMIC L BIAR Y Y X3 OREMGR
DHEE. WHFLERE, 36: 153-164.

Yamamoto, 1., Hidaka, T. (1984) Utilization of
“latrines” in the raccoon dog, Nyctereutes
procyonoides. Acta Zoologica Fennica, 171:
241-242.

ARG - SPRR - SRS - RHEE DR - i
B (1994) RERASINCBE TRV FY
XX OATHE & HARBREER AR, T
53-61.

IR & W) - fEfakk (2012) #5745 A EE GPS % oK & Fl)
HL727T 74 7<DTEHEH0FEAEIZO W
T. WFLEIRLSE, 52: 47-54.
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Analysis of soil in FM Tsukui by joint survey of 6 universities

Tomonori Mivamrr*"®, Mayu Kapowaxkr*', Manami Suica™, Youta Suzuki*', Keita SEnart™, Risa
Taxacr®', Miwa Yasumma™', Kazuyuki Inususur™', Masahiko Katou™,
Takayuki Kosavasur™, Koki Tovora*', Soh Sucinara™, Haruo Tanaka™®®

We analyzed the soil collected at FM Tsukui of Tokyo University of Agriculture and Technology. The
sampling sites were on the slope of terrace. The objective of investigation was to examine the relationship
between topographic slope and soil physicochemical properties, the relationship between stratigraphic
classification of soil profiles and physicochemical properties and biological properties. A total of 9 samples
were collected from three sites with different altitudes and from each surface layer and deeper layers. The
measurement items are moisture content, pH (H,0), EC, ammonia nitrogen, nitrate nitrogen, gas production
or absorption (CO,, N,O, CH,), microbial biomass nitrogen, total nitrogen and total carbon contents. Soil
moisture and EC were higher in lower site, while CO, production was higher in surface layers and positively
correlated with soil microbial nitrogen. These results indicated the possibility that soil physicochemical

properties and biological properties were influenced each other by the topography and soil layers.

Key words : Andosol, soil nitrogen, CO, production/absorption, microbial biomass, soil organic matter
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1. BC®IC

6 R R TR AT X 19894E ISt A Tk, WA
KO2RFERMPLEL LTSN 0% G E L
T, Tk, HX, TEK FEK BEIWKRFHE
MR ERFOW R B 2 FH LT L (K
K5 2002), 20174 Ci1EZ 05280 & L CHEE T
K, BEK, HR, TERKoOZmMob L, 8A21~
23H1Z, FEINEARBIE T ICHTE S 2 B R TR
LA ER R L A T 7 4 — v B A T AEE
by —T7 14—V FI2—T7AEAMN (FM i
AF) TirbNhiz, AWROHME, THEFRALS
XU |79 2T, Wi, FRokhme #
1L & DBIR, S HICKHTICBT 5 E M & 13
HALSYE - EWPE L OBEIZ O W TR L 72,

AT O M AL FLE /N 22 R R & 72 o T
B8, VLT O FiA mi 23 B BT o MR AR
T DRRAAFHH 2> S WAR MR 2> THB Y, EHEhZ
7°~25°TH o7 (Fig. la). THGFIERT A DS
Firol M5B L U5 54501 FKg g Xz
5L, REFEEmEICMEL, RETo—2E
DARBEFEHRY (KILIK) LE3NTwD (HEE)IE
fWiEB 1989) B CHERET VI =T AT A M 24T
WBIE TR ToM N, BRI (Fig. 2)
Thollzd, BRI EF L HEsh, T
EHRARS 2THL LRSI, BRI %
KINKIZHFEL, HARICBWTHEIZ fIE L 5
HLEERTEE 2o TW5b, HERWIERET LS
LBl s, LU O34T IEW H O NE
B X ORI A 175 72 (Fig. 1b)o

FE O B S M1, M2, HN3E R

I E Dz & O R IZZENZEN263 m,
252 m, 246 m TH Y, HFEHIT, 4°, 25° TH - 72,
20084EHE D T BB & ORI, #hE B
5, ZVIOKRDEZ TV RGHE, #Hm g
ETFERICAE SN T WD I T, 3N U &
FARICRE FEE T pEI S TwD b=V 7 =
A7 BER, PV T AT F—F =TT
ADREBAEH, REHELTEHEIA TV
(HF 2009) o

W NGRS RG CHER L & e 5T D, R
OIS 2 IRAD3D ) FAHT O B D 528K
PRN TV OPMER I NIz BAGTIE, KED
b Al - A2)@ - A3Jg - Bwllg - Bw2ig & 17 6
Nize 2D BHMICHW DX, AlJE - Bwl)E -
Bw2ETd» 5 (Fig. 2a)

Mo 2 AR CHERE I E 25 TB Y, A
ik, EE S ApJEg - A1fE - A2k - A3 - Bw
J& - 2A408 L Bz, 2O BTV
X, ApJE - Bw g - 2A4/8 TH %, L2 KD
NIEHEFR T & 22> 72 (Fig. 2-b)s

W33 TH B B, Ap g - Al -
2A208 - 3A3JE - A4 L T b, TDIH B G
AT H W7zoid, Ap g - 3A3E - 3A4E TH 5.
AT K OFENIEIHER T E 2 h o7 (Fig. 2-¢)o

Fig. 1. Location of FM Tsukui (a) and three sampling sites (b)
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Fig. 2. Soil profile descriptions in three sites (as reported by participating students)
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2. MR&ELVHE

2.1 L1
KB, FREAA S TR D3RI L 72 138
X2 mm 55WIZE L, il e Lz, & HT3
3o, &9 IV obEE vz, BER W
BEWMBICNESTS0MEE (7227 RER
B BB ERE - M A ERRINE) 120w TiE,
EREATN 2 Bl K S S TRFARI220C 10H B o
HIRGZ LI 2 AT o 7o g 2 il T & L7,

2.2 9MrIEHE

“oKkt, pH (H:0), ERIzESR (EC), &kHE
i AERE, MAEMANA A AER, T AR
I, 7y e TRERE, WREBEZREZIEL
72

2.3 EBFE
231 BRI (REBRBESHTIEMR R B4 1997)

WBGEE VTR Lz, 1, B tsEsr 7
VI FEREICE D105C CUR MR 3 E b0k
w7z,

232 pH (H,0) (TIEBRBE I EMmET H % 1997)

TR R R ik =1:25) %1k
WL, IRMEIR EH L-0b, 75 R & MpHEF
(HORIBA D-52) % M -TillsE L7z
233 EC (TgEBREEHATEmEZT B2 1997)

M R GREMI L Mk =1:5) 2B
L, 1K RE I L7-db, EC A —%— (TOA
CM-14P) #MH\WCllE L7z,

234 AEFEE - SRFw (REREOTERESR
H%% 1997)

Rz 148 2 AR TR R, 02 mm D55 W I
\} 7z 14 % CN 2 — ¥ — (Yanaco CN CORDER
MT-700) % H Tl L7z,

235 WAL A~ AgEHFE (HARTEBEY Y
£ 2013)

THEA 7o RV AEE LD LIFEEDODL D
ZNENIZB TR 2R L7, oMtk %
NRIVF X THREE A ) v A RE R TR L,
ZOMBEOEEEERET L FT Y VBIL-F
TFNZFLY VT IVETER L, ZO®RIME
iz W CTRERNA A< 2B FRE RO,
236 HAEFWINE (CO, N,O, CHy) (3B
B H 2 1997)

HIRE FE AL 2 47 - 72 {8 13810 g 2100 mL /3 A
TIVRAIZE Y, KRG FEMT25C - KT - 15
ST ORI 175720 1, 2, 5, 7, 14, 21HHIZ
INATVEAND A AR L7 (KHRIH o H
WKL, W ARIURIZ N T IV AN OS] E
ZEL)

I L72H A%, CO,: TCDfF & A7~ |
7 9 7 4 — (SHIMADZU GC-12A), N,O : ECD
ff & 22rva< b5 74— (SHIMADZU GC-
14B), CH,:FIDft & # 2 2z7ua=<x b7 57 4 —
(SHIMADZU GC-14B) #4341 L Z Dk g %
L7z 2 L CHERIH O F A ER S L OV
EEEHABEZER L CEE LR 77 7108,
237 TrEZTREEE (LRSS LS
FH 4 1997)

K:a¢ (25C21HM, 1, 2, 5, 7, 14, 21H H 2l
B O SAMER 2 920) Ok EZnEhint
LCHEM L7z ik HIEI0 g h o iR 2]
mol LBEAL A v 2@ A HWTHitL, €0+
B EZ = e e Yy FEETER L.

238 miEEEZE (LERESWERERZRES
1997)

7 VRS TREHREOEE L MRICEENRO -
BENFNICH LTE L R LTEIgHh D
MEAREE R L]l mol LYEAL A T ABHE HWT
WL, 2olEltEZze NI Y ryEIT-F7F
VIFLyITIVETERL

2.4 BIEBEDOHET IR

[ 93 43 AT 1% SAS University Edition (SAS Insti-
tute Inc., Cary, NC, USA) ® Proc reg % Hl \WC
1To72

3. HWRBLUEE

3.1 &Kt (Table 1)
ETOHEIZBVTEKLEITEN LEBOER |
Bl o7ze X512, WM EIHERT S ETREIIBY
T, FHE O EEICALE S 2 1o s R /M E L,
FEOFHICMEST L HEICTRDKEVES
b} f:o

3.2 pH (H;0) (Table 1)

ST eI 2 8, HEl - #2012 e HT
3THWVpHMEZ /R L7z, S, 3013130
BT T o 727200, IR R EM S o
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Table 1. Soil mass water content, pH (H20), Electric conductivity (EC), total C (TC) and total N (TN)
Site 1 Site 2 Site 3
Al Bwl Bw2 Ap Bw 2A4 Ap 3A3 3A4
Mass water
content 6341 101.27 11691 64.49 13069  131.46 55.55 14752  156.16
(%)
pH (H:0) 544 6.42 6.54 572 6.23 6.28 7.02 6.74 6.71
EC (dSm™) 0.042 0.026 0.029 0.044 0.028 0.031 0.101 0.050 0.062
TC -1 56.87 4227 37.00 58.80 46.97 74.10 64.87 61.93 71.37
(mg kg™
TN
o1 5.30 3.83 3.20 507 3.60 393 5.20 450 4.70
(mg kg™
WENEZOND, 18
® Before incubation
16
14 @ After incubation
3.3 EC (Table 1)
ETOMEICBWTEETHWEEZR L, Th 3 -
= 1
X, AL T CRLERARE o Cnizizn b % z s , 1
N . 56 7 7
%54, A% 3413 Inubushi et al. (1999) % Za- b b Al / ; g
. . ! 1 R 7 7
man et al. (2004) (2% Y BAK2 L3 CTHE ShT . ; % % % g AR g
~ -1 - . = . 7 7% 7 7 7 7
w5 © é ':) C_, iﬂj‘ ’Iﬁ: a ‘l ‘H:y‘a—é k iﬁ]‘ 53’( X 1FAL 1FBwl  1'Bw2  2-Ap  2Bw 2204 S-Ap  S3A3 38A4
DEWEZ /R L7225, pH &Kk, BHEORENE i ) . . .
s LNz Fig. 3. Soil ammonium nitrogen content of three sites
A o

3.4 RRFKE - -2EFRE (Table 1)
BIRFREIZBWVWT, T XTOHNTREDIEWE
RRL7co SNIIMR LR EOEBRMICL2b0L%E
AbNb, 61T, HMA2BL0H 30 Tl (2-
2A4, 3-3A3, 3-3A4) IZBWTEWHEEZRL,

35 7 ETHEERE (Fig. 3)

FAEFNEH I TTRE L) KEDIT ) MR
lERL7Zz0 T2 TD FERR BN %2R L7z,
CNIEBDOIZ ) TRALERD A Z 572720 L%
AbN5b, FEEOWEMEITREZERN LD by
AR L7z RICHERDMHBEEZEOLILD &
B, FEIZX o THLTERP#AZZIZOEEZ O
5o

3.6 FHEAREZERE (Fig. 4)

KRR O EERE S R I ] - 21 B W TE
J& TRV Z R L7ze HF 12 R T AT 22 1R AT
Hoteich, FORBETHBEERNS CEML
WHREPEASHER SN B, TNBHITH LT, #I3TIE
Bz R L7z ZOEMICOWTIE, 5%, Wi

with selected three layers in FM Tsukui

mgN kg'd.s.

LSS S SSSISSS

§
3
NI [N N]

3-3A3  3-3A4

o IS ax

1AL 1I-Bwl  1-Bw2  2-Ap

mN =N =
2-Bw  2-2A4 FAp

=

Fig. 4. Soil nitrate nitrogen content of three sites with
selected three layers in FM Tsukui

BLETHD, HiEBICHM LB (1-A],
3-Ap) TITHEEREFEOMAL & LRI X 2 i
LEH DA, WA L7 (3-3A4) TRIFE®IC
L) ELICHREE R SMA L LT S NThE
UENZZ LN 5,

3.7 WMEMNAFYXERE (Fig. 5)

ETOHRIIBNT, EETHEDIEL Bolz, H#
RS 5 L, HEIDR DKL, M3

bEWEEZR L. FTRETRMEW NS F~ 2%
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{mgN kg™'d.s)

Soil microbial biomass nitrogen

T-AT T-Bwl 1T-Bw2  2-Ap  2Bw 22244 3-Ap 3-3AL S-0Ad

Fig. 5. Soil microbial biomass nitrogen of three sites
with selected three layers in FM Tsukui (No
significant difference was observed)

ZEVWD VD, HEELIEEEOENNEL, R
TR, BOMEL RSN iR E S E136.17
mg kg BEDHLDT, TOHWHHANEEZ ONL,

3.8 HAERBINE
381 COi4i= (Fig. 6)
ETOHRIZBWT, KEVPRD GWHEZRL
7oo THUIRUEYR (FEMER) 2%V Lz
bhb, —J, TROMMMEL, MEwRESB X O
SUER O N Z2DEEZ SNb,
332 N.O AR (Fig. 7)
ETOHRIIBNT, EETEEEDOS WED
Rohiz, Tk, HREEROMEL—-HL T
%o ¥iF2H H T, MA10 BwlE DA OFTXRTT
EDENZ 7 > TV 5B D DRI ORI 5
EWIC X o THEBICWIN S N2 B H o 72
P, FRRREINTN2E Lo lomAN LD o727
HEEZONL, Fi3E2H HUKE, b F7213mis
WX o TNO WA D, Hril, 20KETIL7
HHIZ, M43 TH21H HICE N,O BA%E 28R
U7z ZOMo 1 JE T R4 % 8 U T N0 2¢
BimL 7z,
383 CH/ARWI = (Fig. 8)
ETOHIZB VT, F#E5H H £ TR A
BB HN/ZA, Wl 3ORBRKFERE TIETH
HIZTTHWIML7:, ZoROHERIIIEIT LM
IR ONGD o7z DO, FiZ2-Ap Tl
A VAL A Y Y RPIFIH L, -0, %
121-A1%°3-Ap TIZFIKN % & T3 O —FBABWEH)
W20, AF UVERISREI o EEZBND, 1-AL
R3-Ap TIIAALAEA T2, 27 VLIRS
DI W ELHEEBELTWEEEZ LN, AFED
11713 Kong et al. (2013) DTV 5,

| —a—1"Al
=& =1hwl
00
_ e 1T
_; ) —a— A
_%L. bl Ll
Q6
L“_L ! e 228
i. 10 —h— A
= = A= 30A
20 - )

0 il 10 15 20

Incubation period (day)

Fig. 6. COz production of three sites with selected
three layers in FM Tsukui

d.s),

N, O (mgNO kg

0 5 10 5
Inuchubation period (day)

Fig. 7. N2O production and absorption of three sites
with selected three layers in FM Tsukui

60 —e— 1-Al
50 - .= -IW1
a0 e TR
= 30
T —a—2-Al
=y
o “ - |- 2BW
T 10
= cee e BB AL
- 0
= —— AP
~ -10
== AR
20
. oo A

10 15

Ineubation period (day)

Fig. 8. CH4 production and absorption of three sites
with selected three layers in FM Tsukui

3.9 2 - MEOEE

&kt (Tablel) IZBW T M bk L, &
O TFIIATIFZEMHERIBL o/ Z &0 s,
DOFBZX Y, FEIKIN, BE LRSI
ZENREZOLNSL, LALIEOREZ T TEAT
DD T, G, ERREG EWEEDWEL, R
AT 0LEND S,

F7: EC (Table 1) {2BWT, #1530 £ E (3-
Ap) Bz Loz SO LIIMMBEEEE
DFEREFFIELTB ST, ] 5 DO KREVEIER A
ML7z2bDEAbNE, A THEITIE pH (H0)
BV THHBEMEWEEZ R L2 &0, TIVA
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VM e EO RS REM AR S AT RENE b 3
WTEBA, BIZEHAHREZHN L LEY D S,

3.10 TR DHEEESF

AR ET YR TREZR L IIIED, TR
BERELIIEOMELRALNT (Table 2), TN
(ARSI B & A BRRE S R O AR L AL
B, BEERnh e SRk eEZ o5, —
W12 13K (Water filled pore space) %330-60%
OFPANTIE, ZOBMAEFROERILR A LS
Z M # 3 5 (Paul and Clark 1996) & & biLTw
505, AWFETIZ S SITAHIGIC X o THER L 7- il
DEWRDEI D, KGHE L BERAIMES Lizn]
RV EZ b5,

—7J5, CO AR 13K 5% pH & & DM A
L7z (Table 2)o RO X 9 (2K EEAHEINT
% L A PRRBEE R ORI E TN L7228, R T
RTREETKRGO LA L &SI TIEDOHBAHE 5255
Z, TOERAD CO,DBEAER DML, FAMH~D
COMMa il E Nz EZ ObNbL, kRIS
Zaman et al. (2004) THRWZE N Tw5b,

2, BEHEE & BICOWTESET L, 7,
COLHA L & AW NA F < ABRIZBWT, COLE
W% nWFERE (1-Al, 2-Ap, 3-Ap) XM EW N1
I ABHEOMEDEL, EOMHERA LN (Fig.
9

12, MEWNA T ABFRLERERIIBW
T, 3o sh: (Fig 10),

120

2-Ap
.
0
~1 1Al
.f- .
vo80
Fi v = 2163+ 10.89
< R?=0.557
g oo p=0.0128 FAp
&0 .
= a0
o
o 2-2A4| 2 “w
20
7 1-Bw2
‘ ./_
o 1wt b ;\1 .
J3A3
=10 0 10 20 a0 40
Microbial biomass N (mg kg™ d.s.)

Fig. 9. Relation between soil microbial biomass nitro-
gen and COz production

40
S-Ap

i 20 v=0,849x-29 8 2-Ap

= .

b 25 =057 vl

g 20 .

; 15 p=0.039 4

@10 Bw2 3-3A3

E B .

g E L] F3A4
= o Rt ® s on4
Z . .
=]

g

] -10

= -

0 10 20 30 40 al G0 70 H0

Total C (g kg™ d.s)

Fig. 10. Relation between total C and soil microbial
biomass nitrogen. (Linear regression line was
applied for plots of sites 1 and 2 with 3-Ap)

Table 2. Correlation between soil physicochemical and biological properties

Water (13?)) EC h;i hgs“t 1\;?36 I\}I)Sst MBN TN TC CO, N.O CH

Water 1
pH (ILO) 404 1

BC  -0334 48 1
NH, Pre 725" 0244 - 442" 1
NH," Post 572 450° 0220 0282 1
NO,” Pre - 576" —832* —0053 —0332 —0340 1
NO,” Post — 747 — 641" 0221 —450° —386" 870° 1

MBN - 42" 0036 397° —0309 0052 0269 0303 1

TN  —472 —0214 572% —419° 0119 535" 585 0346 1

TC 0119 0103 479" —0236 473 0046 0061 0098 640% 1

CO,  —805 —706* 0172 —663" —424 841" 816 0284 582 0072 1

NO - 650" — 693" —0259 — 415 — 682 624" 526 —0051 0161 —0339 739" 1

CH, 0240 0194 —0195 0156 0024 -390 —0218 —0205 — 547 —0217 —439° —0322 1

*: significant at 5% level, **: significant at 1% level, positive relation as bold, and negative as italic.
Water: mass water content, — pre, — post: before and after incubation, respectively, MBN: Microbial biomass nitrogen, TN:

Total nitrogen, TC: Total carbon.
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12 H, MEWNA A AREOMEIEL, &
RERED LW (1-A1, 2-Ap, 3-Ap). 22 H I,
WAEMNA A< ABROMIMKL, ERFEDD %
W (1-Bwl, 1-Bw2, 2-Bw). 32 Hix, AW
AT ABROMIIEND, EBREZITL VW (2-
2A4, 3-3A3, 3-3A4).

D) HLEBIERE L L2 BN T30 H o)t
H B N7z, Zaman et al. (2004) 13 H K H % B35
THWAEMNA < A jkFE R & ERFEROIIEE
L% E50cm FTIRIFIF—ETHHI LERLTW
5o F 72 KMk 5 (2005) =% Inubushi and Kong
(2014) (X T-FERIP H Y\ CHURIE U T ok
WA+~ AjRFmIIERER L FAER L VDR
WHODOWEDIIZES100cm FTEIRELED
LHWI ERRLTEBY, ThooMntRiss
Bl OFEFIE, HREHE O KN % & o5 %O D
VETH 5D,

F72, COAEREMMEEFEIZBWT, COLAM
D% VFERE (1-Al, 2-Ap, 3-Ap) I REE%R
DB EL, EOHED»A SN/ (Table 2), =it
EIALERIC & o THET 5 CO 21T TR, £D
MO HEIRE RAEVEBAEY ORI L 5 CObE TN 5
EEZOND, TMMEBER L N0 K E DM
IZH IEOME (p<001) 230 Sz,

W%, BT DORYEIZONTELRET S,
1-Bwl, 1-Bw2iZ2WTIZHHEEE IZB W TR
WCHELZITR ON P72, S5, 3-3A3,
3B3AUIDOVTH AR TH o7z 2O ERS, T
BERAL AR - BT OE A S A TS EOGHEE T
BAIZENRAON o720 Dk, BMTHEIN
7o HIEWIH ORER &, ZOMOEHICB W TR
WAOLNDLZENEZ LNTH, FHE, WEET 540
Db

Dl XHiz, mpREhiic k- T, TER LY

Nitrogen dynamics as
influenced by topography J— .
and soil layers ¢ omo N -

|Grganic|\|l==?_ NH4*-N —_‘b| NO;™-N  |mssd| NN |

Nitrifying bacteria

Acrobic bacteria |

Soil microbes

Upper site —DL::’:: :le .
srtoce over | oG BRI ORR U771

Fig. 11. Nitrogen dynamics as influenced by topogra-
phy and soil layers

P - AW BV TR 20 B\ R A5 & 1,
EREEFEOSM (7 vE=TILK), Wk, Bz
nrEFOBRE (Fig 11) RiEL L OB R
LTV B EEEAARIFZEIC X D RSz,

51 A3k

TIEBRB AT AR B (1997) TIEBRIE AT
A, W

KARAZ - Arad - R IERL - G - JIRIE
- HESBH - AR = - BHEIC (2002)
THER BN Y O FIEOFHEH IO
T, Wl HEOEANLMWE. TERYRE
ZrHs, 56: 11-18.

KIRFNZ - AR — - WRFIES - SHEC - % 2
gl - BKILE — - B B - SR H B - M R
oM T FEIVEF R A AT Y
TaTA /NHMET - R - K B
F - dbE R - IR - BRI - TR
I - KEPEAT - BRI = - iRk - AR
By - Arad # (2005) 3 K AR bR BR BRI 2%

(PR S i) R0 TEOKEEIIOWT
(%13 TIEOMAWREE, AR &
TCRIMT. TRRFARZ G, 59 1-7.

Inubushi, K., Kong, Y. (2014) Soil microbial biomass
and C storage of an Andosol. In Soil Carbon,
Hartemink, A.E., McSweeney, K. (Eds.) 173~
178. Springer, Switzerland.
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P2 AR (1989) b BEAEAGRA AL+
574501 EGHKB L US5 J5 01 Kigi
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NN, R TR R R AN A A
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Specification of modified handmade tipping buckets flow meters
and their calibration system

Katsushige Suiraki*', Keawaree DuLnaky**, Kaho Kunira ™
Kosuke Necr*, Jinsheng Sun*’
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After assembling modified handmade tipping bucket flow meters, we proposed an efficient and inexpensive
calibration system for them. The system’s water circulation system comprises a power unit, a DC pump, and
a volumetric flow meter able to maintain a constant 10-80 ml/s water flow rate. This calibration system can
save water and time because constant flux can be changed rapidly with the circulated water system. Newly
modified handmade tipping bucket flow meters have more uniform characteristics than earlier handmade
tipping bucket flow meters and show higher coefficients of determination for the relation between inflow flux
to the tipping bucket and water quantity for one tipping. Modified handmade tipping buckets have
performance of approximately 160 ml per tipping. The tipping quantity can be altered by changing items of
buckets.

Keywords :field observation, inexpensive system, measurement of water flow
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1. Introduction

Tipping bucket (TB) flow meters are used
widely to measure water flow during field
observations (e.g., Holwerda et al., 2012; Iida et al.,
2017; Konishi et al., 2006; Liang et al., 2011; Shimizu
et al., 2018; ). Reportedly, TB flow meters have
benefits for use in the field because they are more
robust against fluid impurities than flow meters of
other types (Shiraki et al., 2018). Actually, TB flow
meters show good accuracy for low water flow
rates and even for intermittent water flows if
evaporation of stored water from a bucket is
negligible. For those reasons, TB flow meters with
20-cm-diameter rainfall collectors are used widely
to measure rainfall amounts.

The water amount for one tipping of a TB flow
meter differs according to the inflow flux. Increase
of inflow flux increases the water amount of one
tipping because water is running without storage,
whereas a bucket is tipping to another. Therefore,
many calibration analyses have been conducted to
ascertain the relation between inflow flux and the
amount of one tipping; various calibration
equations have been proposed (e.g., Calder and
Kidd, 1978; Shimizu et al., 2015; Shiraki and
Yamato, 2004; Takahashi et al., 2011). Shimizu et al.
(2018) precisely examined larger TB, such as over
100 ml per tip, and concluded that the bucket
shape might affect the calibration equation
formula.

Shiraki et al. (2018) pointed out shortcomings of
larger TB flow meters in terms of cost. Commer-
cial TB flow meters are so expensive that the
number of water flow observations might need to
be decreased because of financial limitations.
Shiraki et al. (2018) also reported the usefulness of
larger handmade TB flow meters together with
analysis of their accuracy.

This paper describes larger handmade TB flow
meters that were improved according to earlier
work and calibration results reported by Shiraki
et al. (2018). These newly improved TB flow
meters have approximately 160 ml per tip.

Furthermore, we propose a newly assembled

calibration system for TB flow meters that
facilitates easy and efficient laboratory work.
Calibration methods for TB flow meters are
divisible into two types. One is static calibration:
water is injected slowly into buckets. Then one
tipping water amount is checked. Another is
dynamic calibration: checking of one tipping water
amount at a constant inflow flux. For dynamic
calibration, one must produce a steady and stable
water flow supplying the TB flow meters.
Generally, constant water flow is produced by
making a constant water head difference from the
overflow tank for unchangeable water height (e.g.,
Shimizu et al., 2018; Shiraki and Yamato, 2004;
Shiraki et al., 2018). Although this method is
simple, some time is necessary to produce stable
water flow. Moreover, some system is necessary
to make different water head to change water
flow rate, and abundant water. We therefore
assembled a constant water flow generator with a
circulating water system to save time and water
and for ease of operation.

In this report, we use non-SI units for ease of
understanding such as mm (10-3 m), cm (10-2 m)
and ml (10 *m® which are used in product
catalogues, product names, and conventional

usage.
2. Method and material

2.1 Overview of the TB meter and calibration
system

Figure 1 shows the overview of the TB flow
meter calibration system including the TB meter
unit. The electric pump sucks up water from the
bottom box to the upper. The volumetric flow
meter connecting to the pump pipe monitors the
rate of water flow. The pumped water is supplied
to the TB flow meter. The newly improved TB
flow meter shown in Fig.2 comprises rotating

buckets and basements.

2.2 Structure of modified handmade TB flow
meters
Newly improved handmade TB flow meters

have fundamentally the same assembly concept as
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Fig. 1. Explanatory drawing of the calibration system.
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those of an earlier version explained in a report of
a study by Shiraki et al. (2018). We refer
hereinafter to the earlier version of TB flow
meters as Type A and the modified version as
Type B. Each comprises a plastic box, plastic
document case, iron bars, rubber feet shock
absorbers, magnetic proximity switch, and other
components. The major difference between Types
A and B is that the plastic box which makes the
outer shell is isolated from the TB flow meter
system in Type B. In Type A, the magnetic
proximity switch is connected and bound with the
outer shell. Moreover, the bases for the TB were
bound directly to the bottom of the outer shell.
After reviewing the design of the TB, the weight
of TB of Type B was reduced from Type A.
Because the outline of the Type A structure was
demonstrated in Shiraki et al. (2018), here we
explain the structure and assembling procedure
for Type B. Some modifications are necessary for
readers including the size of materials for
manufacturing TB flow meters because the
assembling procedure and items cited in this
report are only examples.
2.2.1 Structure and assembling of outer shell

The outer shell of the Type B TB flow meter

system mainly comprises two plastic boxes. Item

Table 1. Items for a tipping bucket flow meter with prices (before tax). Prices were checked in December 2018
through internet tool shops, do-it-yourself stores, and so on.

part Number item product name spec and remarks price (yen) quantity
outer shell 1 plastic box ST box 25 358mm X 238mm X 240mm ¥1,000 1
2 plastic box NC box 7 283mm X 158mm X 95mm ¥470 1
3 iron bar flat bar 300mm x28mm X 2mm (thickness) ¥210 1
4 box connector TS bulb socket diameter type 20 ¥70 1
5 box connector TS socket diameter type 20 ¥60 1
6 rubber packing drainage packing 32 mm ¥80 2
TB 7 plastic document case Box 3 natural 92mm X 328mm X 223mm ¥100 1
8 iron bar flat bar 300mm % 28mm X 2mm (thickness) ¥210 1
9 iron bar straight small iron tool ~ 70mm ¥100 4
10 caster SKC-32NM 32mm wheel ¥90 2
11 rubber feet rubber cushion EG008  28mm X 18mm ¥120 2
12 iron nail nail 90mm ¥5 1
basement 13 proximity switch IDEC DPRI-01 magnetic reaction ¥1,390 1
14 basement wood SPF 2 x 4 120mm (cut) ¥20 1
15 basement wood SPF 1 x 4 support boad (80mm - 150mm) ¥20 3
16 L-shaped rail L-shape alminum angle 15mm X 15mm X 120mm (cut) ¥35 2
17 C-shaped clamp C-shaped fall protection 42mm ¥150 2
18 iron bar flat bar 300mm % 28mm X 2mm (thickness) ¥210 1
19 rubber feet rubber cushion EG008  28mm X 18mm ¥120 6
total cost per unit (yen) ¥5875
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Fig. 3. Design of outer shell of the tipping bucket flow
meter.

Fig. 5. Plastic document file case with a cutting line
for buckets.

Fig. 4. Bottom of the outer shell.

lists for assembling the Type B TB flow meter are
presented in Table 1. Numbers described in this
section and in Fig. 3 to Fig. 12 for explaining
assembly items correspond to numbers in Table 1.

Figure 3 presents outlines of two outer shell
boxes. No. 1 is a main box to contain the TB main
body. No. 2 is a box to receive inflow water. Nos. 1
and 2 are connected and bound with Nos. 4 and 5,
which are used for connecting PVC water pipe
with a socket and screw system. Rubber packings
(No. 6) are used to prevent water leakage between
Nos. 4 and 5.

Figure 4 shows the bottom of main box (No. 1).
An iron bar (No. 3) is bound at the bottom with
screws to connect a TB flow meter.

2.2.2 Structure and assembling of TB flow meter

Buckets for storing water and for tipping are
made from a plastic document file (No. 7). Figure 5

shows the material cutting line. A router with a

Fig. 6. Buckets and iron bar.

cutting saucer was used to cut No. 7. The cutting
edges were then deburred. This item has some
bumps at the bottom. It would be better to
remove the bumps to maintain the horizontal line
at the bottom of the buckets.

To guarantee the horizontal state and to
reinforce the plastic buckets, a 300 mm iron bar
(No. 8) is set with the buckets (see Fig. 6). Rubber
feet (No. 11) are also set to each bucket. Then the
bucket, iron bar, and rubber feet are connected.
By connecting the plastic bucket with a screw, we
used a rubber washer to prevent water leakage
from the bucket (Fig. 7). In this case, because the
corner of the bucket (or material No. 7) is not 90
deg, space exists among the buckets, although the
top edges of the buckets are close together (see
Fig. 6).

The rotating axis for the buckets is generated

by uniting casters (No. 10). Four small iron bars
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Fig. 8. Assembling caster for rotating axis with small
iron bars.

Fig. 9. Outline of buckets and iron nail for proximate
switch.

are used to connect the buckets and two casters
(Fig. 8). The rubber washers are also used to
prevent water leakage from buckets when
screwed with the casters, iron bars, and buckets.

An iron nail (No. 12) is connected with thermal
glue at the lateral side of the buckets (Fig. 9) for

the reaction target of the magnetic proximity
switch (No. 13).
2.2.3 Structure and assembling of basement

Figure 10 shows the wooden center base (No.
14) and steel rails (No. 16) to fix the TB casters.
The caster placement is fixed with the C-shaped
clamps (No. 17) by clamping the rails. The rails are
deformed easily when clamped. Wooden spacers
are set between rails to maintain a certain length
for the casters.

At the bottom of the base, side wooden bases
(No. 15) that receive the TB tipping are connected
with iron bars (No. 18 and Fig. 11). Six rubber feet
(No. 19) are set to keep the base stable.

A magnetic proximity switch (No. 13) is set on
the wooden board (No. 15) and bound to the center
basement (Fig. 12). This proximity switch detects
the TB rotation when the TB is tipping and the

rotation becomes horizontal. The clamp

Fig. 11. Bottom of the basement.
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Fig. 12. Magnetic proximate switch and casters stopper.

placements (No. 17) are adjusted for errorless
detection of rotation with a proximity switch.
Figure 2 portrays the front view of the TB and
the bases with appropriate scale. Table 1 shows
that the total cost per unit including outer shell,
TB parts and basements was less than 6,000 yen
(about 50 US dollars) before tax, as of December
2018.

2.3 Calibration system

Figure 13 and Fig. 1 present the structure of
the calibration system which produces constant
water flux. The outer shell of the calibration
system comprises two large plastic boxes (the
same as No. 1 in Table 1) and one small plastic box
(No. 2). The bottom box is set to be filled with
water. Furthermore, a DC pump (12 V, 12 L/min;
Damply) was set to circulate water from the
bottom box to the top box. To supply DC

Fig. 13. Outline picture of calibration system.

electricity constantly and variably, we used an
AC-DC converter (RWS100B-12, 12 V output;
TDK-Lambda Corp.) and a DC-DC down
adjustable converter (180077_JPN, 0-16.5 V output;
Droking). The down-adjustable converter can
change the DC output voltage. Therefore, the
water flow rate supplied by the DC pump is
changeable by changing the voltage.

The water flow rate supplied by the DC pump
is monitored with a volumetric flow meter (OF10-
ZAT-MR, 25 mL/pulse; Aichi Tokei Denki Corp.);
the output pulse is recorded with pulse logger
(LR5061; Hioki E.E. Corp.). The volumetric flow
meter precisely measures the water quantity per
pulse using an electric weight scale (translated 1 g

as 1 ml), a stopwatch and a cup.
3. Results

3.1 Calibration system specification

Shiraki et al. (2018) examined a volumetric flow
meter used for the calibration system, but it was
re-examined for this experiment to improve the
accuracy. Figure 14 shows the relation between
water flow rate and water quantity per pulse
measured using the meter. Earlier examinations
demonstrated that the water quantity of one pulse
is increased more rapidly at the lower range than
the guaranteed low flow limit (5.3 ml/s). At a
higher range than the rate of 10 ml/s, the quantity

5 -
. D
E 4 O and solid line : checked at Jul. 2014
= ( A and dotted line : checked at Dec. 2018
>
€
< 3
3
o
0]
» 2+t
3
Q
- guaranteed lower limit
© 11 5.3 ml/s (dash-dot line)

1 1 | 1 | 1 | ]

0
0 10 20 30 40 50 60 70 80
flow rate (ml/s)

Fig. 14. Specifications of the volumetric flow meter for
the calibration system.
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for one pulse is constant. Although this constant
value was 2.61 ml/pulse in an earlier examination,
this value was changed to 2.52 ml/pulse for this
examination. We used a value of 2.52 ml/pulse for

this study and maintained a sufficiently higher
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Fig. 15. Examples of temporal change of the flow rate
of the calibration system. Solid lines represent
the real counts data and dotted lines represent
the average counts for each calibration test.
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flow rate than 10 ml/s by controlling the
adjustable DC converter.

Figure 15 presents sample data of volumetric
flow meter records that were obtained and
extracted while actual TB flow meter calibration
was done with 1-s temporal resolution. Because
the TB calibration was executed by measuring
the time with a stopwatch while the buckets
tipped 9-10 times continuously, the period of
measurement was about 20 s to 150 s. We judged
from Fig. 15 that this system can produce constant
water flux during the calibration measurement.
Judging from the counts displayed on the data-
logger of volumetric flow meter, the water flow
rate changed quickly when operating the DC
converter and changing the voltage of the DC
pump.

3.2 TB flow meters calibration
We assembled five Type B TB flow meters and

201 (a) Type B

230

210

190 | 553@

y: one tipping quantity (ml)
]
s ]

170} o ®

-150 L L L L L L L
0 10 20 30 40 50 60 70 80

x: inflow flux (ml/s)

1281 (b) Type B e

1.20

ye=0.472x++1
R*=0.97

y=: standardized one tipping

guantity (ml/ml)

0.0 01 02 03 04 0.5
x+: standardized inflow flux {1/s)

Fig. 16. Results of calibration of each tipping bucket flow meter both Type A and B: (a) individual results
with real unit; (b) standardized results with the total regression line. The same symbols for (a) and (b)

represent the same individual equipment.
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Table 2. Results of linear regression analysis: a is the gradient of regression line;
b is the intercept of the y axis; R 2 is the coefficient of determination

1D mark on Fig. 16 a b R?
Type A NG-A03 PAe 0432 1919 0.94
NG-A04 * 0475 198.0 0.94
NG-A05 O 0.450 1704 0.94
NG-A06 o 0414 1788 0.93
NG-A07 O 0487 1705 0.93
NG-A08 & 0.460 1544 0.95
NG-A09 2 0477 167.6 0.96
NG-A10 Il 0.446 1959 0.98
NG-All | 0476 1645 0.95
2017-No.5 VAN 0438 161.6 0.94
*all of Type A 0.455 1 0.94
Type B 2018-No.1 PAe 0483 168.3 0.99
2018-No.2 * 0474 164.7 1.00
2018-No.3 O 0.517 1599 0.99
2018-No4 o 0.443 169.0 0.98
2018-No.5 O 0432 164.9 0.99
*all of Type B 0472 1 097

*standardized by b value for each TB flow meter

used the calibration system to check the relation
between inflow flux and the water quantity of one
tipping. Figure 16 presents results of calibration
together with 10 TB flow meters of Type A.
Calibration for Type A TB flow meters was done
without using this calibration system. Results
were presented originally in a report by Shiraki et
al. (2018). Regarding Type A, constant water flux
was produced by making constant water head
difference from the overflow tank. The inflow
water fluxes were checked regularly when new
water rates were produced. The original paper
presents related details.

As shown in Fig. 16, we added static calibration
results of both Types A and B. Static calibrations
were done by pouring water slowly to check the
water quantity of one tipping for inflow flux
estimated as 0. As shown in Fig. 16(a), strong
positive linear relations were apparent between
the inflow flux and the water quantity of one
tipping. Linear regression results are shown in
Table 2, with @ as the gradient of linear line, b as
the y-intercept and R* as the coefficient of
determination. Figure 16(b) portrays the
standardized results of calibration. We calculated

the standardized value by dividing the water

quantities with 0 flux tipping quantity derived
from the regression analysis for each TB flow
meter calibration. Consequently, 0 flux tipping
quantities were defined as the value of & in Table
2. Therefore, y+ (standardized water quantity of
one tipping in Fig. 16(b)) is calculated as y/b;
similarly, x*=x/b (details in Shiraki and Yamato,
2004 and Shiraki et al., 2018). The lines in Fig. 16(b)
represent regression lines for all TB flow meters
for Type A and Type B calculated by setting the

y axis intercept to 1.0.
4. Discussion

The proposed calibration system comprising a
power unit, a DC water pump, and a volumetric
flow meter described herein was sufficiently
efficient to save time and water. The materials
used for this study were inexpensive.

The effective lowest flow rate for this system
was determined by the volumetric flow meter
specifications. The assembled system can maintain
constant water flow of approximately 10-80 ml/s.
If a lower flow rate is needed, then the volumetric
flow meter must be replaced to detect the lower
flow range, with a pump that can supply a lower

rate stably. For a higher flow rate, a more
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powerful pump is needed.

Figure 16 and Table 2 show that the newly
assembled TB flow meters (Type B) have smaller
individual differences than Type A. Each TB flow
meter shows a strong positive linear relation
between the inflow flux and the water quantity of
one tipping for Types A and B. The b values in
Table 2 represent the water quantity of one
tipping (ml) when the inflow flux is almost 0, from
160 to 170 in Type B, whereas those of Type A
varied from 154 to 198. They indicate uniform
characteristics for Type B, but further
examinations must be made because the quantity
of the examined individual equipment was small
in Type B. Nevertheless, it can be described that
the coefficients of determination (R% of Type B
are higher than Type A. All equipment of Type B
showed R* values greater than 0.98.

Regression lines for all standardized TB flow
meters of Types A and B are presented in Fig.
16(b). Although each coefficient of determination is
greater in Type B, the total coefficients of
determination are similar for Type A (R* = 0.95)
and Type B (R* = 0.97). Both Types show strong
linearity. Furthermore, the gradient of the
regression line is slightly higher in Type B.

This report presents examination of the inflow
flux at most 0.5 (1/s) in a standardized unit
description. This value indicates approximately
one tipping every two seconds. Given this inflow
flux, the relation between the flow rate and the
water quantity of one tipping shows strong
linearity. If these TB flow meters are used for
inflow flux higher than 0.5 (1/s), then additional
calibration tests are needed for the higher inflow
range because there is no guarantee of linear
relation at that range. Considering the
uncertainties for the higher flow and high frequent
tipping rate, it is probably adequate to make a
higher limit of, at most, one tipping per two
seconds.

Figure 17 shows the bottoms of both TB types.
We reviewed the structure of TB of Type A; steel
components have been reduced in Type B. The

average weights of TB samples were consequently

Fig. 17. Differences of the structure between Type A
(left) and B (right) (bottom view).

decreased from 464 g (Type A) to 380 g (Type B).
Presumably, the TB weight reduction produces
uniformity of TB flow meters and sensitive
reactions to the bucket tipping. It is also necessary
to check the robustness of handmade TB flow
meters after installation in the field and exposure
to ultraviolet radiation. The accumulation of
information related to equipment deformation and
deterioration of efficiency should be specifically
examined as future subjects.

One can also alter the water quantity of one
tipping by substituting larger or smaller buckets.
Calibration checks should be done every time
when assembling a new TB flow meter. Special
care should be taken if the standardized inflow
flux rate excess 0.5 (1/s) because the regression
equation might be different from that of the lower

flow rate.
5. Conclusion

We assembled a calibration system to check TB
flow meter specifications. The system proposed
herein, comprising a power unit, a DC pump, and
a volumetric flow meter, can produce constant
water flux of approximately 10-80 ml/s. Change of
the constant flow rate can be done merely by
changing the DC voltage with an adjustable
converter. This proposed calibration system saves
much time and water.

Modified handmade TB flow meters were

examined using the calibration system. The newly
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modified TB flow meters show high uniformity
and higher linearity than earlier meters.
Presumably, the TB weight reduction can further
improve TB flow meter specifications. Although
further examinations such as robustness test for
field usage are needed, inexpensive handmade TB
flow meters and calibration systems with good

accuracy can probably be produced.
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Breeding ecology of red fox (Vulpes vulpes japonica) in
Tama River of Tokyo Japan
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Fig.1. Two study areas, Hamura and Fuchu, in the
middle stream of Tama River of Tokyo, Japan.
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A 1o nonex]stence | Gst |I characteristic of overall shape |
B is 4 L=W.B<GSB and other B is openl -
: L [hacooom dox ] p
[ |
)  L>WEB=¢C I
A 75 existence anidae ; | Fox B
) |
l'L=waB<cC
r o B L
Footprint I
B is longer | -
[ ] ¢
|
W > 40mm B is shorter and circular I m —
|
A is longer I
P T A Glaw print
Bis5 : B: Digital pad print
———fmeshee A0 Bm Warten C: Metacarpal pad print
| L: Footprint length
W < 40mm V-shape & W < 30mm ! E W: Footprint width
Fig. 2. Species determination flowchart for carnivore footprints.
Urate O
Dig an underneath hole (Yamamoto 1994) 'T
Latrine O Laceer
Scats
Defecate directly on ground (no hole) [ Rac Dog
D..5 8mm, fresh scat is pungent smell(Tsuji et al. 2011) —
Weasel
Urate x -
Lo Prominet place (Kadosaki 2009) T
Doy -8-14mm 1 Marten
Defecate
(Ysduma 1985, site
Latrine x Kanasawa 1996 ,
Tsuji et al. 2011)

[ -
Masked Palm Civet
Hol low, garret(Yamamoto 1994) L sKe m v1ve I

Offensive odor and tapered shape 'F—
oX
D.. > 14mm (Ysduma 1985, Koyasu 1993, Kadosaki 2009) L
(Ysduma 1985, | Cylindric, Both ends are not tapered (Koyasu 1993) ——————
Koyasu 1993, | Raccoon

Kadosaki 2009)

Pet food inside

Fig. 3. Scats identification flowchart for carnivore species.
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Dmax is max imum diameter of the scat.
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20134F 8 H I PIA s IR T v 2 % HE
L7zo Z0%, MINEIZBIT S5V ADOTE %5
MZT B 720, 20134 8 H23HA2*H11H28H F TH
HIRERA (5 1 00~7 :00) (2, B 3Mm, fk4 mEt
THOEBEBIE 2T 5720 F72, 20144F 4 H OIEHR
MAETIE, FYAORREZMR Lz FV L DEGH
RILEW ST 5728, 20144E 5 A26H 52014



36 TA—=NVFFAL R 175

fE6 H21H T THARDANIIHRIMRE A X 5 (#IER
StW5e, PEE, KeepGuard KG69ONV) 3 &%
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AENTFEBOFERICOWT, TR ML 471206
f, KF g3 101#F (Table 1) &, Pk s )
A2 UL Loz R L7,

KA CHEZR S Nz BT H B o FE L
&, TR I 6, FFrR sl 3SHETH
D, FEHTEOMEIERNHOMEIE, FFrhsTiE
TIR M & 0 A %D - 72 (Mann-Whitney U
g p=003<0.05, ZEHi & OFEUL IS Hil
525+096, KihHug: 1.75+096. Fig.4). FHiZ
EOWRE RS &, PF I CIZEIC 48 (F %,
FRXE, AFF, TIATT), KIC6HE (Fv%,
FXF, AFF, TV, TIATT, NIETY),
LLBFIFS5H (FY R, ¥XF, A5F, TIA
T, NI V) BRI NI, W I TIEE
1R (#x%), BKiC3H (#2%, 415F, 7

x

i O Hamura
* [
" m Fuchu

Species abundance of carnivores

Summer Autumn Winter Spring

Fig. 4. Species abundance of carnivores in each study
area of the middle stream of Tama River
between 2013 and 2014.

* statistically significant differences.

TA 7<), L1 (F2F), RIZ2H (¥ X F,
15 F) DRIz,

IR I & b & & SHERE T & o 4 %
¥, AVFETIATTTHY, ¥ X33 WAL
bAEM 2l U CHERR S N7zo BEBNIC I 2 & rh s
DF X F OB (FEF8IME) (A (G517
) X0Ehoize 45 F OIRBEILPN Hs TH:
%l L CHERE T & 722%, HFh I TIdtk L R D A
Tholz, RIS X F LT, PIFHR (G5

Table 1. The field sign details for carnivores in Tama River of Tokyo, Japan between 2013 and 2014.

(D: Direct observation, F: Foot print, S: Scat,

a. Hamura area

Sk: Skull, L: Latrine.)

Racoon Masked
$urvey Fox Weasel Marten Palm Badger Total
Season distance Dog Civet numb
(km) umber
D F S F D F S S F F Sk*
Summer 32.0 2 5 29 2 34 2
Autumn 32.2 10 17 3 1 34 2 5 1
Winter 404 8 3 6 4 1
Spring 328 2 4 2 6 1 10 1 2 1 1
Sub total 4 27 51 17 2 19 69 2 11 3 1 206
Total 82 17 90 2 11 3 1

*. The badger’s skull was found in spring, but time of death was identified.

b. Fuchu area

Survey Racoon Dog Weasel Racoon

. Total
Season distance number

(km) D F S F S F
Summer 325 6
Autumn 32.9. 16 14 5 4 1
Winter 40.8 2 25 13
Spring 329 11 2 2

Sub total 2 52 35 7 4 1
101

Total 89 11
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59, LD IR L7z,
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F (Figs. &&EI131059mm, HEFMEIZ63.0mm, IE
B 13443mm, LFHOEKRIE3-1-3-1°T
Hotz) WERIN, LHL, BFIEHETLE
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B, FCHRNIAHTH %,

3.2 PHHMIMICHT2F Y XOEHES LA
OF AR
BoArEHA (201348 8 H18H) ITBWT, FIH
Mg F Y 2 2K Z I U THEL 7 (Table
2)o FYAIIMEF3IMETS N, 1\ HIZ20134
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BLERAS, MATLTRETED, 2~ 35%ieE

IENERRERF )
amEmN
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Fig. 5. The photographs of Badger’s skull that was found in Hamura area of Tama River on 2014.4.5.
Total skull length (L): 105.9mm. Skull width (W): 63.0mm
Skull height (H): 44.3mm. The maxillary dental formula: 3-1-3-1

Table 2. Direct observation of fox in Hamura area of Tama River between 2013.8 and 2013.11

Numbers of

Season Date Time individuals Behavior
First observation 2013818 6:00 and 6:20 2 A fox took restin bush, Another one foraged
Summer 2013.8.23 5:40 1 The fox foraged and run after 2,3 minutes
2013.8.24 - - -
2013.8.30 534 1 Foraging, Marking, Stayed in riverbed about
10 minutes
Autumn 20131012 537 9 Two indi.viduals Qf fox frolicked about 10
minutes in the riverbed
2013.10.19 - - -
2013.11.03 - - -
2013.11.28 - - -

—: Fox was not observed
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Fig. 6. The photographs is about fox burrows and fox in Hamura area of Tama
River between 2014.5.26 and 6.21 using camera traps.

A: the photographs of fox’s burrows. B: an adult fox.

C: another adult fox (male). D: two cubs and an adult fox.
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Dragonfly and damselfly fauna and their characteristics in ponds of Tokyo

Kaito Haruta™!, Tomohiro YosHiDA **

We investigated Odonata fauna in ponds of Tokyo, 2017 and 2018. In total, we found 5813 Odonata
individuals representing 36 species 130 ponds. we observed 3624 Odonata individuals representing 34 species
in 2017, and 2189 Odonata individuals representing 30 species in 2018, respectively. Our results showed that
total species richness of Odonata in urban area (16 and 18 spp.) was 10 species less than those in suburban
area (31 and 29 spp.), although their species richness and abundance were not significantly different between
urban and sub-urban ponds. In 2017, Orthetrum albistylum speciosum, Pantala flavescens, Pseudothemis
zonata, Orthetrum triangulare melania and Crocothemis servilia, in 2018, Orthetrum albistylum speciosum,
Pantala flavescens, Pseudothemis zonata, Sympetrum frequens and Crocothemis servilia were found in
many ponds, respectively. On the other hand, Ceriagrion melanurum and Sinictinogomphus clavatus were

found from a few ponds.

Key words : Odonata, Bioindicator, pond
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1. BC®IC

BUE, SUBEOEERICREYOBRA L EIZLD,
HERNOREPIFEIN TS, T0 X9 BUIK
B L, WREVTHD, REREYDOE=S
VU IEE A (REH S 2011). WA w7z
REE=S ) VI REZIREEY & L7905
INTHBY, RO HAROFLHEI
WEERIZTTIENHLNE RS> TS (Gregory
et al. 2004, Yamamura et al. 2009), L2*L, 3 3%
=) Y TRBEEOEY LT RTEY,
KIEDEY % xp 5 & L2434 % v (Petchey et
al. 2007) o RAKEERITD - & HAEFRICHIL 724ERE
FZD12>TH5 (Dudgeon et al. 2006), D7,
WKAEBROBRZ R T 2 LEH 5L, K
(Dragonfly and Damselfly) (& H§ L v K 4B &
TE, ABEMOZLITH LTRSS T 5 (Car-
le 1979)0 ZD 720, KB OBRYE % 3Hili ¥ % A
WMELTEZLLOMETHHE SN TS (Willigalla
and Fartmann 2012; Goertzen and Suhling 2013) .
BRI IZ B IER & TS b ¥ REA TSR S
nTws (BRES 2012)s LA L, SEFHREY
DR RBIBEB 56 2 AT AR N D ZAL IR, £ <o
MTECAALNS (FEH 2011)0 HE>T, B
O RMHZLIBL, NRZVZTEIEIRDSL
NTwbe, LAaL, BEHO b Y REICHS 2icik
SR SNz () 0 B AR - 55 2000 5 79
B 5 2006) RUEik (% EEJ KR : LA 2005 ;
R 2007) O#EDZ L, MLAVELTEES S
72d0IEEL VIR TH S HEH 2011), 22
TABZEE, RO T B X O TR Ot 2
WRELT, 2IIWCERTS N FHOHAEL E
L7z

2. AEMESVICHELE

2.1. BHEH

ARWFFE TR GER23X N & 48T, 23Xkl &
HHRBAL & T L7z BAIT20174E B & UN20184F (2
FEhti L7z 20174E 3B A0 1403t (FARHIX 5,
FIEIX 2, BAX 4, BEX3) B XU
88nith (=MW 2, AW 2, WHEIT 1, h&dt
W9, /NEL3, fskili 2, FFrbli24, SR T 3,
Eodi 7, £EEd12, ABd 3, AETFH9, BT
Hilil) R0z L1272 (Kla). 2018
AR RTAE O FRA M 2, Fr 72T D230 ith

[
L)
'2:*" %
% % € .
'.u?“ $ ¥
s
i
o o o
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.
o Bed Tel e
S, o Y
et o .
o % e
& N

B 1. 20174E (a) B X 020184 (b) DOFRATHE

(FRX 5, HEX 1, #HAX6, #MEX4, &
WX 7) BLOEHESO 5 ot (L1, HAiL
w1, W1, Evml, BEH1) ©FFH300
g icl7z (M1b)o #84 L7zt o i ff ik
Google maps O W& EREREZ FWCHIL L7z (&
1)o D THEAE IE i K49409.34m* T, #%/N13.29m* T
Holz.

22. AEHE

b RBEOB R OFIAIL, 201748 X 020184 &
HIZ6 AP SHI0HC T TEML 720 20174E13 4 [l
(11 H 6H: 81, 2BHE7H 945, 31
H 8H : 1024 »3, 4M H 8 ~10H : 1024 11),
20184E1E 3 (1mH : 6~8H, 2lH: 8~10
A, 3EH :10, &FA&130M %) T-o72, FAEIE
ERF IR TREDD L1755 720%, HERORE
Wze 220X, %A REAELEMFICECH ZRAH &
L72o DK IE b ¥ REIERIEEH T 55
A 1O ~F#% 4 BF ORI % B A TIT o 720 O Y %
15:4720~30m OE S THE, WEZOH), K, £,
HE FhENHIm O#HEATHELZ N VRO
WO B L O ZofE e iisk L7z, #EIEH
BiigR 2 FAl L L, LEREA MRS (8 x21
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F 1. 20174E8 X U20184E o Fi A Hy O BEE
city «  City name*™ pond pond .\ Site name latitude™ Longnitude  2017** 2018
number name  area(ni)
Cl1 Chiyoda-ku P1 74452 HEAARE1 139.756784 35673524 O O
Cl1 Chiyoda-ku P2 16381 HIIAHAR 2 139.754912 35673398 O O
Cl Chiyoda-ku P3 2500.77 HHAE 3 139.758216 35674653 O O
Cl Chiyoda-ku P4 218094 FIHEWEAKE 139.760866 35683467 O @)
Cl Chiyoda-ku P5 148655 EBGLEA 139.748144 35675547 O O
C2 Shinjuku-ku P6 66.02  FrigH gLk 1 139.689649 35690093 O O
C2 Shinjuku-ku P7 209.31  HriEh AR 2 139.689646 35687723 O O
C3 Shibuya-ku P8 5678 X4 KRAR 1 139.696138 35669659 O O
C3 Shibuya-ku P9 16842 X4 ARAR 2 139.695917 35670036 O @)
C3 Shibuya-ku P10 4666 ftA& AR 3 139.695766 35670272 O @)
C3 Shibuya-ku P11 6054.28 R4 AR 4 139.695497 35670722 O O
C4 Suginami-ku P12 2110099 FHEFLAE 1 139.589085 35716404 O @)
C4 Suginami-ku P13 10367.15 IR AR 2 139.591853 35712798 O O
C4 Suginami-ku P14 7957  FHIKAE 139.597263 35.709267 O O
C4 Suginami-ku P15 173011 #2306 X 3240 1 20 139.617877 35.717142 @)
C4 Suginami-ku P16 27275 FHEHAE 1 139.613098 35.727242 O
C4 Suginami-ku P17 99943  FRFEFRAE 2 139.613283 35.726902 O
C4 Suginami-ku P18 835 HILAR 1 139.626228 35.675414 O
C4 Suginami-ku P19 71773 FILAK 2 139.625623 35.675287 O
C4 Suginami-ku P20 4398 MHOEAR 1 139.62584 35.677002 O
C4 Suginami-ku P21 23123 MoOERE 2 139.626221 35.677344 O
Cbh Mitaka-city P22 5439224 FOHHAR 1 139.577375 35699822 O @)
Cbh Mitaka-city P23 21668 FHOUHLNE 2 139.572836 35695831 O O
C7 Nishitokyo-city P24 49.02 HEFTRA 139.530901 35720501 O @)
C8 Koganei-city P25 1189.83 VLF /=T d Df 139.514945 35715619 O @)
c8 Koganeicity P26 user AR ERTFRENR gm0 smeous 0 O
C8 Koganei-city P27 61.18 f f:\/%/g:xj;i bz I 139.517556 35698165 O @)
C8 Koganei-city P28 8304 FEILEB)A 139.521082 35698337 O @)
C8 Koganei-city P29 94.31 PN 1 139.526 35685741 O @)
C8 Koganei-city P30 2214 WPNIRE] 2 139.526108 35685476 O @)
C8 Koganei-city P31 5314 ¥R 3 139.526272 356851 O @)
C8 Koganei-city P32 56.07 HPJIIAR 4 139.52663 35684343 O @)
C8 Koganei-city P33 391.12 ¥P)IIAH 5 139.527644 35684218 O @)
C8 Chofu-city P34 26227  FACREY 5B 1 139.547798 35672765 O @)
C8 Chofu-city P35 319561 AfCHEN AT 2 139.551473 35665935 O O
C9 Kodaira-city P36 7167 JLEDOLAR 1 139.465122 35743192 O O
C9 Kodaira-city P37 14266 JLiEOEAR 2 139.466294 35.74367 O O
C9 Kodaira-city P38 16643 &L SV 139.491132 35734799 O O
C9 Kodaira-city P39 69.46 KL % 5L SH 139.494916 35733132 O O
C9 Kodaira-city P40 251 T ESEHIAEY 139.434627 35732073 O @)
C9 Kodaira-city P41 18176  HrYLZNR 1 139.462133 35722101 O O
C9 Kodaira-city P42 22565 HIYLANRE 2 139.462072 35722425 O @)
C9 Kodaira-city P43 3076 FUKESND VHE 139.464595 35720059 O @)
C9 Kodaira-city P44 11621 NI EITAM a9 518908 35722425 O O

NG
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DPC I, OLYMPUS) % W<l % [[%E L7z, [H
EVHEE LG EOR/A B 7T AR, Sym-
petrum, spp) T itk L7zo MU REOFL K OH
Elx, BRES (2012) 2HEo 72

e LM RBEITBEEEA (2015) & R R

(2011) DLy FF—=% 7 v 7 % HCHis~ 15
AR 6 (EX @ A, CR: MEaEHE I A,
EN : Mipdfatl I B8, VU : MG H I8, NT:
AP, DD AR I8 L7,

WETEAT X R3.5.1 (R Core Team 2018) #fEH L,
HEIKHEZ p<0.05& L7z, #TH IR & AT AR AL o ith
H20 Oy REOHEE X OREREO#EE T 4
Va sy DN FIRE &2 F v TR L 72,

3. BREBE

A ORER, 20174F 13 410230 piC347%E, 36241
K, 2018413 421304 27 CT30ME, #a4H 14 %13 21894H
&, 2 4R T36MES813ME A D t » R E R L 720
bV REOREFAIA AL & A&/ CLOM L o> 7=
a7z (20174F #F 1 FB164E, #F i %8 44314
20184 #R T ER18%E, ABTHRBAI29%E), LAL, #Bili
T EHBHRRAMC BT Bt 720 o b v RE O S
L ORI A B R E WD Do 72 (Wilcoxon
test, p>0.05, X2, X3),

09 PUAN Nl = O iy N 74 81 o R T TR/
RANEL, a2 AT 80D %L 2w (LA
2005)0 E7z, RIED X ITHIEDSEDTHA 2l
PHEL, b REOMGIRE 2o TR b
5o WEED (2006) AS20014FE 7 52005412 A1) TE
BT o7z b Y REOE= 5 ) ¥ R TII3MED
b UARDREFHES N TS, AR TS, AMIELHE,
R AR & O AR R BIE IR H A 2SR
TR AEE HIZE D b REDPHER S 1,
NRX=A b+ KR (Ceriagrion nipponicum) 775
IY < (Sinictinogomphus clavatus) O & 9 7 Fi
DREDAER LW (K2, £3), 20Xk %il
HHEHERD b ¥ FHEZ LR TV D DhH Lk,

T R D%\~ B 5 X201 74E 05 4 A 7 b
¥R (Orthetrum albistylum speciosum), 7 AINF
b ¥ KX (Pantala flavescens), I 7 F b v K
T A AT R
(Orthetrum triangulare melania), > a7 a v
I VK (Crocothemis servilia), 20184 1Z¥ 4 T
MUK, DANFINUER, IVT7FINUKR, 77
NIERZAVZE Byl NV

(Pseudothemis zonata),

5 A (Sympetrum frequens),

wr a n.s n.s &
: <
o ; —
i
3
-
[=]
b o
n.s n.s
(=]
g |
-
o
=]
g |
1]
%
&‘i
(=]
g |
o
a8
(=1 o
84 — ; y :
v 8
! R
! | | | ———
o ( |
BihE B84 B Brbapok
2017 2018

2. WHER L AT RBAMC BT DB D b VKR
o (a) B OMFEMEE (b)
nstdp>005T, AEEP LV LERT,
FHOT o 1 Mg, i yefl, -
WX 3L, BT oMFIREME, Aixst
Wiz ZzhEnEKy,

T, 2ELDHBFEFACMEE -7 (R4, £5),
IO OIZARTE - ARSI & BICE O THE
RaENTe —HT, ¥4 b bYK (Ceriagrion me-
lanurum) °F a7 b v KR (Rhyothemis fuligino-
sa), 7FIX = (Sinictinogomphus clavatus)
IHEREH R D810 BT & Tl o 720 S D OFEIER
WO EHMMICEFHINTBY, %L
BEOZEALIC L 5T, 51, AR TAI L
BrHEIN5G,

ARZEDFER, BEHCPEERIC BT 2 b R E
ZORHBHS L o 7o ARFFEIE I GRS
DI A G E LTHEL, 20720, 1L
T HRMARICALT 2HIEH F ViR TE %
Mo7ze SRIZILHRHA D AL, B k
VEMHEWHOLRZITHILEND L, T, HEH
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Species name

city name™!
number of ponds™?

Japanese name

Cl C2 C3 C4 C5 C6 C7
5 2 4 3 2 2 1

C8 C9

9

13

C10 C11 C12 C13 Cl4 Cl5 Cl6 C17

2

24

3

7

12

3

9

1

Sympecma paedisca

Lestes temporalis
Atrocalopteryx atrata

Copera annulata

Ceriagrion melanurum
Ceriagrion nipponicum
Cwrcion calamorum calamorum
Cercion sexlineatum

Ischnura senegalensis
Planaeschna milnei
Anaciaeshna martini
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Epophthalmia elegans
Rhyothemis fuliginosa
Sympetrum darwinianum
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Orthetrum triangulare melania
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3. 2018 FEDTIXHIA IS 2 did L

bR E b REOTE

TA—=NVFFAL R 175

At R KL

city name™! Cl C2 C3 C4 C5 C6 C7 C8& (9 Cl0 C11 Cl12 C13 Cl14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25
number of ponds*®? 5 2 410 2 2 1 913 2 24 3 713 3 9 1 5 1 6 4 1 1 1 1

Species name Japanese name
Lestes sponsa TAA YR oo 0 0 0 o0 00000 000 0 o0 01 0 0 0 0 0 0 0
Lestes temporalis FTATHA MR o o0 0 o0 01 0 1 0 0 2 1 0 0 0 2 0 0 0 0 0 0 0 0 0
Atrocalopteryx atrata AV A= 0 o 0 0 0 1 0 O O O OT1 o0 001 0O O O0OTO0OO0O 0O O O O0 O
Ceriagrion melanurum FAMMIR o 0 0 1 0 1 O O O O O O O O O O O O O O O O O 0 O
Paracerion sieboldii FAA bR 1 0o 0 2 1 0 00 3 01 2 1 00 3 01 01 0 0 0 0 O
Cwreion calamorum calamorum 7 a4 b k¥ K oo o o0 o0 o0 0 0 0 0 0 0 o0 0 o0 1 0 0 O O 0O 0 0 0 O
Ischnura senegalensis TAEYAMMUKR 20 1 1 0 0 0 0O 0O 0O 2 1 1 0 O O O 1T O O 1 O O O O
Ischura asiatica TYTAMRYKR o o0 0 0 0 o0 000001 01 00 0 0 0 0 0 0 0 0 0
Polycanthagyna melanictera Y7y o~ o o0 o o0 o O O O o O o0 o0 1 o 0 o O o O O O o O o0 O
Anax parthenope Julius Fryox 3 0 0 3.1h.1.01 0 0 6 2 3 5 0 1 0 2 0 1 0 0 0 0 O
Anax nigrofasciatus nigrofasciatus 7 QAT ¥ ¥ < o o0 o0 o0 00 001 0 2 0 1 0 0 0 0 0 0 0 O 0 O 0 O
Stnictinogomphus clavatus vFIY U= o 0 0 1 1 0 0O O O O O 1 O O O O O O O O O O 0 O0 O
Sieboldius albardae aF=v U= o 0 o0 o0 o0 o0 00 000 00 0 01 0 0 0 0 O 0 0 0 O
Melligomphus viridicostus *F AT o o0 o o0 o0 o0 00 0 o0 01 0 00 0 0 0 0O O 0 0 0 O
Anotogaster sieboldit tT=vr= oo o060 01 101 0 001 00 0 1 1 00 0 0 0 0 0 0
Epophthalmia elegans e Gl N 20 0 0 1 0 0 00 0 0 001 0 0 0 0O 0 0 0O 0 0 0 O
Rhyothemis fuliginosa FavbrK 1 0 0o 0 o0 0 00 001 00 0 0 0 0 0 0 0 0 0 0 0 O
Sympetrum darwinianum FITH A o o o0 o0 1 0 o0 O 1 o0 O o0 01 0 O O O O O O o 0 O O
Sympetrum risi VAT A A o o0 0 o0 00 01 01 0 00 00 0 00 OO O 0 O0 0 O
Sympetrum infuscatum )T A MUK o 0 0 o o0 o O O O o o o o o0 o 3 0 O 0 o 0 o0 O o0 o0
Sympetrum frequens TXT A A 4 0 1 4 1 2 0 3 6 0 6 2 2 0 0 1 0 2 0 2 1 0 1 0 O
Sympetrum bacha a) YA TR o o0 0 0 o0 o0 01 1 0 7 0 0 4 0 1 0 0 0 0 0 0 0 0 O
Sympetrum eroticum RLYTTH A o o0 o0 1 1 1 0 4 2 0 4 0 1 1 1 4 0 0 1 1 0 0 1 0 O
Sympetrum speciosum ¥ MUK o o o o0 o o o o o0 o 2 o0 O 2 0O 1 O O O O O o0 O O o
Pseudothemis zonata avrTF VR 3 0 2 6 1 1 0 2 3 0 6 2 2 7 0 7 1 2 0 1 2 0 0 0 1
Deielia phaon a7F byR o o0 0 21 00 00 01 001 0 0 01 0 0 0 0 0 0 O
Crocothemis servilia PEAZE RN o0 1 3 1 1 0 1 1 1 2 3 6 2 4 0 0 0 0 1 0 0 0 O
Pantala flavescens TANF bR 3 0 4 2 1 2 1 2 1 1 1 4 7 1 2 1 2 1 2 4 0 1 0 0
Orthetrum albistylum speciosum ¥ %7517 + ¥ K 3 0 2 6 1 2 0 3 6 1 14 2 510 2 6 0 3 0 2 2 0 0 0 1
Orthetrum triangulare melania ~ **+ ¥+ 575+ ¥ K 1 0o o0 3 1 2 0 6 2 1 7 2 2 2 1 3 0 0 0 0 0 0 1 0 O
Coenagrionidae.sp 4 b b FE o o0 o0 1 0 0 O O O O O O O O o O O O o O O 0O 0 0 O
Aeshnidae.sp Y r=<# 0 0 0 o o0 0 0 0 o0 0 o0 1 0 0 0 0 0O 0 0 0 0O 0 0 O
Sympetrum.spp T AR o o0 0 0 00 01 000 00 00 0 00O OO0 O 0 0 0 O

X 1HXAERLSHE,;

¥ 2MXIZBIT AL oA ERT
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4. 20174ED © VOREOMEEH p BB & OHRRMEREL
Species name Japanese name number total E%i%%», AU
of ponds®  abundance® (2015)*  (2011)
Sympecma paedisca 2 NV IV 1 1 VU
Lestes temporalis FFETAEFA MUK 8 15
Atrocalopteryx atrata AV =3 NV 4 18
Copera annulata E/ VT PR 1 3 DD
Ceriagrion melanurum FAMMIKR 1 1 EN
Ceriagrion nipponicum N=A P MK 1 1 NT VU
Cwrcion calamorum calamorum suAf b brR 14 157
Cercion sexlineatum LAATAMBMYR 1 1
Ischnura senegalensis TAHEYAL MUK 7 18
Planaeschna milnei IV Uv 2 3
Anaciaeshna martini EOIZ AV AV Ard 1 1
Polycanthagyna melanictera YI7v o= 1 2
Anax parthenope julius Fryxy o= 23 63
Anax nigrofasciatus nigrofasciatus JOATYF XY U 8 8
Sinictinogomphus clavatus TFIX I 6 41 NT
Steboldius albardae aFr=v v 7 8
Melligomphus viridicostus FFHFT 1 1
Anotogaster sieboldii F=vrv 14 23
Epophthalmia elegans FAXY< MR 10 19
Rhyothemis fuliginosa Fav MR 3 44 NT
Sympetrum darwinianum > T H L 1 1
Sympetrum risi VAT H % 6 11
Sympetrum infuscatum J VA NYR 1 1
Sympetrum frequens TXTH A 6 17
Sympetrum baccha 3TV AMNVKR 14 103
Sympetrum eroticum <RILYTTHA 18 44
Sympetrum pedemontanum IXTH A 4 10
Sympetrum speciosum b Sl NV 9 15
Pseudothemis zonata aTTF R 47 1052
Deielia phaon I7F MUK 9 58
Crocothemis servilia Yawvyav bUR 37 209
Pantala flavescens TANF MUK 53 583
Orthetrum albistylum speciosum D A7 IV 65 875
Orthetrum triangulare melania FETAAT VR 45 164
Coenagrionidae.sp A4 N RE 8 21
Sympetrum.spp T h A 15 26
Other Z D1t 5 6
total 3624 1 6

¥ IHFREI2M A TAROFED ) S 1HTY b Y FELMHR L CHESHOEF Z2RT ;%2 4 o0 EFHEKEZ
AT ;%3 EXfiil, CRAGMAM I A, ENGGWfa I BE, VUMKAIR THE NTHEEREE, DDE#RAEZ 2heth

Ry
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5. 20184ED + v FHEOHE

TA—=NVFFAL R 175

AL & O IE R

Species name Japanese name numbirl of total %%% AR
ponds abundance®  (2015)*  (2011)

Lestes sponsa TAA MUK 1 1 NT
Lestes temporalis FEFT7THA PR 9 33

Atrocalopteryx atrata nryuaprvR 3 5

Ceriagrion melanurum FA4MMUKR 2 8 NT
Paracerion sieboldii b B N N 1 1 EN
Cwrcion calamorum calamorum suAf b brR 18 69

Ischnura senegalensis TErFEYAL NDMNUKR 9 36

Ischura asiatica TIVT7AMMNYER 2 2

Polycanthagyna melanictera Y7y o= 1 1

Anax parthenope julius Fryr= 33 109

Anax nigrofasciatus nigrofasciatus JUOATIF XY Ux 4 7

Sinictinogomphus clavatus TFIY U= 6 35 NT
Sieboldius albardae aIFf=v v 1 1

Melligomphus viridicostus FFHYFT 1 1

Anotogaster sieboldii F=x = 9 15

Epophthalmia elegans i e e dl NV 5 5

Rhyothemis fuliginosa Fav bR 3 16 NT
Sympetrum darwinianum FITH L 3 4

Sympetrum risi VAT H % 2 3

Sympetrum infuscatum VZ NN 3 6

Sympetrum frequens TFT A 40 217

Sympetrum baccha a3 A MUK 14 75

Sympetrum eroticum RILYTTH A% 23 64

Sympetrum speciosum i NV 5 8

Pseudothemis zonata aTvTxF UK 51 425

Deielia phaon a7F MUK 9 57

Crocothemis servilia Yawvyaw bR 36 89

Pantala flavescens T ANF MUK 50 151

Orthetrum albistylum speciosum VEHAT VR 73 665

Orthetrum triangulare melania FATAHT IR 35 77

Coenagrionidae.sp 4 b MRE 1 1

Aeshnidae..sp Y o<k 1 1

Sympetrum.spp T h AR 1 1

2189 0 5

¥ 1 BrR£I30AT3IEOMAED) B 1HTY by FEZHA LB ABOEGF 2R T ; %2 3HOMEDGFHEER
ZRY ;%3 EXfti, CRAGW/EIA I A, ENAf/EE IBE, VUMKEEIR I8 NTH#EERAER, DDEHALZche
Ry
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D &) BBBEOEALHH L W CIIREAD o K
MW E=%) Y7 HPRLETDH S (Paoletti
1999) 0 HHHE DK ERBE DAL % BB 5 7212
X, FOARBEORMWNLE=S) Y IIDBLEE RS
TLALEZbN%,

51 A3k

Carle, F. L. (1979) Environmental monitoring po-
tential of the Odonata, with a list of rare and
endangered Anisoptera of Virginia, United
States. Odonatologica, 8 : 319-323.

Dudgeon, D., Arthington, A. H., Gessner, M. O.,
Kawabata, Z. 1., Knowler, D. J., Lévéque, C,,
Sullivan, C. A. et al. (2006) Freshwater biodi-
versity: importance, threats, status and con-
servation challenges. Biological Reviews, 81 :
163-182.

Gregory, R. D, Noble, D. G., Custance, J. (2004) The
state of play of farmland birds: population
trends and conservation status of lowland
farmland birds in the United Kingdom. Ibis,
146 : 1-13.

Goertzen, D., Suhling, F. (2013) Promoting dragon-
fly diversity in cities: major determinants and
implications for urban pond design. Journal of
Insect Conservation, 17 : 399-409.

B4 (2015) BEEEL v FY A b [Rd]
URL : http://www.env.go.jp/press/files/
ip/28061.pdf (20184 1 H 9 HFHERR

EHYGH (2007) ZEENGHICEIT2 b REOE
BT E RSB A58, &9 & w ) BREE
LW (—#%) WFZeBh 31, 18 pp.

JERIBE, ISR, — A5 (2012) HA®D b K (%
L Fx—=H4F) X—HBEH, 532 pp.
Paoletti, M. G. (1999) Using bioindicators based on
biodiversity to assess landscape sustainability.
Agriculture Ecosystems & Environment 74 :

1-18.

Petchey, O. L., Evans, K. L., Fishburn, 1. S., Gaston,
K. J. (2007) Low functional diversity and no
redundancy in British avian assemblages.
Journal of Animal Ecology, 76 : 977-985.

R Core Team (2018) R: A language and environ-

ment for statistical computing and graphics
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