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—— T ZE B AR R FE T & RIITREEF v 2 /X A D LK

ARHAFT - BINEIR? - ANFRTE - AR A2

TECEFZE B FE AR R ZE 0T (BEIEIF) & BNTRFF v %2 (EJIIKR) \ZBWC, 255 (Quercus serrata) &
72X (Q. acutissima) XTI, ¥4 LT TAH AT L HBBIEIC X 2 RINN MW FEEBRN 217w, BEH &5
EAOELEHE COEBENEME L2, 255 L 2 AXOMMAEN LBHIER X, 20184E0 5 20204E1%, 20154E 7
520174F L IERT, 2B o720 ENKRICBT L3 F 5O, BHENE LT, H2BME 27 O
> L7 XXFORAH LTI, 3HOKMUOTFEAN L A2 RTINS A SNz,

F—7U—F BB, BT 2+, 2XF 720V —Bil

DI

AW AERBO IR T 5 HEEM (BlziX, 2+7%
7 2¥) o7z uy— (FFE - BI%E - AL5E - %5
7 EORWEFER) ol — 13z Lvw, Bildkix, 3
. A& I1Tx LTERE - BRGSO HER: -
REHE  BRERBROY & SR AW L TAERD
a5 2 Twad (BB, 2016), LFOSEEE) L,
FAEH R HZEH O RHLR, REHOMI LT &S
L CTw5% (e.g., Linderholm, 2006; Penfiuelas et al., 2009;
Ogawa-Onishi and Berry, 2013)s 2O OfEA 7 = 7 1
T — ORI OEALIE, EERR AT R W LK
R[REMEDOHESMERR, M LEHmO7z/ uy— (4%
WZEH) ORFAEICH L TEEEZRIZLTWS (eg,
Richardson et al., 2013; FElTZA>. 2016; Xie et al., 2018),
D7z, [BEEBTIZBTHHAEH - HEH - %3%EH
% EDOWEZEM AT O E) 2 BRIMICBII L, 0%
REWHSPZT LI EIZEERBEE R D,

fiE7 = ay—%2BHMICBINS 5 Fd: & LTid,
1) WHHADOHHBIZE (e.g., Menzel et al., 2006; Templ
et al., 2018; Xie et al., 2018; $iH T 2>, 2019) - (2) ¥ A
AT TANRAFGIZLBA V&=V (eg., Ide and

Oguma, 2010; Nagai et al., 2018a; Xie et al., 2018) - (3) 7
£ Y E— Dbt ¥ ¥ v (eg, Garonna et al., 2014;
Buitenwerf et al., 2015; Nagai et al., 2015) %% %, R
ROBHEBIZICEH LT, HETIZ, /KETICLS [4W
ZHEBR OS] KK TH S (e.g., Doi et al., 2010;
Ogawa-Onishi and Berry, 2013; 57T, 2020a) o LJ L E D |
B BT AL Ly BRI BE 9 % B 0
Hid, v x4 3/ o/EH LHE - 77 0%3H -
AENEIVOFAEH LHEEHICHESNS (KLT,
2020a)0c ¥ A LT TANRATIZEBA V& =NV
MLC, BTl L, R 3 X
FTG T TN GYUNTALT - TF - HTII R
EIWCBRE SN D (Nagai et al., 20182), WAV E— T+ &
VI ZICELT, BA 2 RICHA T AR ERBO B
ko7 =/ vy — N LETH 5, FlziX, mZEH
SrfERE (10 m) Ao (5H &) OBl (Sentinel-2
WRIZEZ) 13, 20174E DR, KO R HREIC R o 72
(ESA, 2020)0 fit> T, BT — % OFERIE, AT
BCTH b

AMFZEIE FE) AT O iyt & [ U1 5 0 2%
MNOBIMIZBWT, 355 (Quercus serrata) & 7 X
¥ (Q. acutissima) &R, FA LT TANATITL
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B A4 vy — vl & HEBIZE 2 RIS AT, BIEH
& BAZE 0 O 4 B & RO ISR Z A L 7. AN
ROHMIZ, 2F5L 27 XFOMEN EHEDDEAZE
B ZOEHERNEZHLNITLILTH b,

A & R A5 Tk

SEEH

ARWFFEOXGAL, AT SRIXIAE T 5, EZSE
FSS 1 N TR S B S bR (JAMSTEC) - B 78T (LA
. BRUCHT & BLH) &, BRI EHREX - IR AR X -
FEARIT T OBEFAFIIALE T 5, EJKEF x o8
A (g, FINREFRERK) Th b, HENHE, #7 THb
RICfiE L. Bk, 35T - 2 XF - vy
27 (Cerasus jamasakura) + + + ¥ <~ % 7 7 (C
speciosa) 72 L. MHITB W TR 5A 3 5 % Ik
VR ENT WL, TF T &7 XIFO/E. ENEN,
12meH8~10mTHh b, EJIKIL LBEREICHS
Ai g 2RO —FICEL, 9F+7 - 7 XF - 2T
* (Styrax japonicus) + 3 A F (Cornus controversa) 7%
EHERASEMA L LCRET S (BINHE D
1986). I+ 7 OMEIE, H15mTh b,

7 /07—

MECIZ 27 2 FEXY~¥F 2 5 (C jamasakura) O
Jx/0Y—%, FJIKTEaFrsoya—1 BRI
HLBFMOT7 2 /0TI - ENEN, FA4A LT TAAR
FWE D HEE Lz, BIETTIE, 20154E3 H 19 H
25 20204E5 H11H F THHR IR 7213150 2 12,
FIJNKTIE, 20184E3 H22 H A5 20204E8 H5 H ¥ ¢4
iR & & i L7z SR oI FEVSHEE R L 72 0
iR E T, MRDFCIE BEIRRAIR Y X 5 2 2T A
SPC31-CP4500 (FIH L) WK L72T Y I NHh X T
Coolpix-4300 F 72 1% Coolpix-4500 (=2 ») % J — k¥
Varykov 7 b ThALHENICHEL, Feg L
Wifgx ) — MRV A VRE L. TYINVARAT - H
FRAGTIA AT AF A« — b8V a vid, Wigefo
3RS (M 49 m. db#:35°22749.27, Hi#E139°37°31.37)
WCHRE L, 7 XF1EREY Y2 S1EEDF v/
Y —afkatma (Mmllm) CHsg L. RIIKRT
X, HEMBEIOR Y v K7 a—VRIOA vy =N
A F TLC200 (brinno) % EHBRHM O 2+ F Mgk (b
#35°34'16.5”, H#%139°28'18.47) OH L FE#15mIcPH
WT, IFF2MRD Y 2 — bEMIIME (F5Im) (2E%
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BL7ze RT7A N REHEREF, A—FI=T 147
TH5b,

BRI

HEEIECld. 20154E 2025 20204 D 3 H #1055 H#%
PAIRT T, aF T AXORELRET 2/ uY—
TN, HBBIZ L. FEHICB LT, Table 112
RY o 3MkD 2 F T (Q. serrata-Y1to-Y3) &. Rk
7 =/ a Y —ERONSR (Q. acutissima-camera) % 7% e,
3k 7 2 ¥ (Q. acutissima-Y1 to -Y3) Z x5 & L7z,
R, v 2433 /7 (Nagai et al,, 2018b) - ¥'<
Yo7 - FF =W T - MOBEEH ORI L HET «
Y —OHBEBELETIiole 20 25572
X FOMGMEE ED, BERHEY 2 /0y —okkT
ZHHEE L7,

Table 1 Summary of dates of visually inspection at
Yokohama Institute of JAMSTEC

Year Start date End date Number of dates
2015 27 March 19 April 20
2016 30 March 25 June 47
2 September 16 September 3
2017 30 March 21 May 28
2018 13 March 31 May 39
5 June 28 December 23
2019 17 January 8 March 14
12 March 8 May 28
2020 12 March 7 April 18

KRBT — 4

W OB L BIZEE. HRIRIRIERR 0 72 0 ORI 2
Ke, MBKIRARR O 72D DIREE RO T 212X D
£ U % (Schwartz, 2003; #%iili (3%, 2012; Chuine et al.,
2016), € 2T, BEEAR G (JL#E35°26723.6", HkE
139°39°10.17) 2BV T, 20154FEH 5 202042 BT 5.
HE1R2 D53 H EF TOMFHRIRT — 7 vz (K
ST, 2020b) . AEIEMF & E I K Tl TR-71wf & TR-
72w (12 T&D) % Fi v 7= S D 5 1Y 72 51l % 17 5 720
L2 L7ed S, BIEIRIE, BERAFClE. 201343 H 21
H2520164E3 H30H £ ¢, EJIIKTIE, 20184E3 H
207 52019F4H12HETERR S, 2D, R



FETIE, B S - AT - IR OO
ZENE, HRIIC =303 2 EE L, B R GICBT
LB T— 5 2wz,

BTEH EFHER DR

BT CiE, ik BHBIS T — ¥ 2 HWT, 3+ 7
L7 XXOREH EBER 2B L7z, 72720, 2015
EDB20184EICE LT, 7 X XD, BFEE LT
ALk L T 7z USSR O MFEEA LI L 2300 TH 5,
O OFTIE LRl — 7 OBGED 720, B H %5
EHRHRO 7 = /70y —Mmi§z BHIC X D R L7z, B
OBHABIZELL 7 XFORZEICEL TIE, BEER
BB D7D, IELWEHW L7z, /20 Y4 LT TR
HRATOMRTIIR VI AFRaF 7 0fEkz &5, H
BB oY LT E A2 VW, WHRERR ) B85
DitERE DA E MR L HAEH RHIEH 2 #iE L7z,
7 AXOMAEH EHENORRZRICBITA2RENLRT =/
0 Y —MW{§% Fig. 112R L7z,

ENKTIE, I FIOMENFIBOT7 =/ 10 I —Ti%
ZHHB L, BEHZRIN L7, aF S OBEHRRICE
ARG T 2 2 a Y- % Fig. 213K L72. —H,
aFSOREE 7 20y —WlE»SHWT S &N
HTh o720 PFEHRRHIEH I, MEOMNRHPAICET
By 7 x0T —WEH S LR - - H ORI
DORERFNZ NS5 2 LI X D, ERIKRI2STTRET
% (e.g., Ide and Oguma, 2010; Xie et al., 2018), ## &
WMo7 /v Y —m§iIZiE. 7 XFOFRICH 5 EWH,

FENMKO7 = 7a Y=gz, 3750y 22— b0
BRICHDHFEMBENENG Y AATE, TD XD o sk
FEFCRaFIRs XX 2BOH0E L2k - & - Ho
HEEEfE DOIE RS % ARSI TE e E 2. RIfFET
X, HBBIZIC X D BMEH S REEH 2 Ml L7z,

BFITE B PRER RO DR

HIELR2 630 FToPFHRmE 2+ 7% 7 X
FOREH R BZEH OFISBRICOWT, BEAR% (B
) LR, AET < O HEREp &
i # Z M Z KD 72, ML, Rstudio 1.2 (https:/
rstudio.com) LBV REHFITHO 7 ) —V 7+ =
7 :R 3.6.2 (https://www.r-project.org) % H\ > T47 7% 5 72,

AR

BTEH X FHER

REIRIEClE. I 2 A X OBIAEH : DOY 74~95 (1
H1H2 5o H, Fig.3a). fit\ T, 255 OB%EH:
DOY 78~104 (Fig.3b). 2. 7 X ¥ OB EEH :
DOY 86~98 & a5 J ®BI{E H : DOY 89~106 D i T
A U7z (Fig. 3a,b)o EJIKIZBIF S IF 5 ORZEH I,
MEIEHE & e CHRI2 B HE A > 72 (Fig. 3b)o AEIEAFIC
BUFS72F¥Lar7oIEHRLHERZ, 20184E)
52020 4E1&. 2015470 5 2017 4F & T, 92 [ H
WA R SN 7 (Fig. 3a,b)o

Fig. 1 Typical phenology images of (a) before 5 days of the first date of flowering, (b) first date of flowering, (c) first date of

leaf-flush, and (d) after 5 days of the first date of leaf-flush of Q. acutissima at Yokohama Institute of JAMSTEC.
Phenology images were taken on day of year (DOY) 71 (11 March 2020), DOY 76 (16 March 2020), DOY 90 (30 March 2020), and DOY 95 (4 April
2020), respectively. The left and right tree individuals are Q. acutissima and C. jamasakura, respectively.
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Fig. 2 Typical phenology images of (a) before 5 days of
the first date of leaf-flush, (b) first date of leaf-
flush, and (c) after 5 days of the first date of leaf-
flush of Q. acutissima at Tamagawa University.

Phenology images were taken on DOY 90 (30 March 2020), DOY 95 (4

April 2020), and DOY 100 (9 April 2020), respectively.
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Fig. 3 (a) First date of flowering and (b) leaf-flush of Q.
acutissima (Y1 to Y3) and Q. serrata at Yokohama
Institute of JAMSTEC (Ycamera, and Y1 to Y3)
and Tamagawa University (Tamagawal and
Tamagawa 2).

There was overlap between Q. serrata-Y1 and Q. serrata-Y3.

WE) 12 AR % Fig 4128 L72e 20154E13, “P4E
LHRTI12H &2 H B4 - AgAMKiE. 2 H F 4 DR
EiLTd o 72 (Fig. 4a) o 20164E - 20194F - 2020 41,
AR L HARTEBRMIZEIETH - 72 (Fig. 4b, e, o
20174E1E, PAE L RTIAPWE TIEER. SHTH
IR TdH - 72 (Fig. 4¢) o 2018 4E 13 S EAE L LERT12 H -
1HTA -2 H PA™MER. 2D 0IZERTS -
7z (Fig. 4d).

BATE H X FER & RIREDXMITEIR

3+ IR7 AXOMAEHRLHEH LHiFE12 H Lo
53 H T4 % TOXKM DO FHZIRDRIG BRI OWT,
A¥ T v OMENAHBIREp & p % Table 2128 L7z,
BEAK (BUAER) 13, 3~6 &PV, Watik
HREBOIIEETH 5, L2LAENL, IFT7R7
AFORMHRHIEH . SHOKWICADOHEZ R
fEIAE STz,

£33

2F 7 XAXORAEH EHERIZ, 3HICB T4
FIg 5 & BT O R AR 4 LB 2 R L7z (Table 2)o 3
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Fig. 4 Anomalies from the normal value of mean temperature during previous December and March from (a) 2015 to (f)

2020 at Yokohama weather station.

H O &A4) DN K25 FA4F L IR TL5C UL L& T
H o 7220184E 2> 5 20204F 1% BHAEH R BAZEH 25 200
7z (Fig. 3)o Z iU, M IRHIR O bR 12 02 70 Ui B 2K
LR VAR (WAL SR MY (WP 5 S N I 3
FrHwicarsoEFERTIE, ECRELETS
WOt CTHRZERMIARIML L -2 LB SN Tn 5
(BLHIE2, 2003)0 —77\ 12 5 5 3 H I ERA KSR L
722020 4F 13, HERIRFEERSEN -]k D ZE 2 Hh
bo L L7%A5 FAEHRHZEH IZF 5 - 72 (Fig. 3) o
COHFEIF, 2020FD & ) RIRLDEMHETTHH-TD
(Fi4E12 H 252 HofmAE. -0.1~3.9C). BH%
PRIR DB BRI EE R T T2 72 S, € Of
B, HRIKIFRR BN E b o720 DI, &
NAE T2 LTH Z0HROEIRIC X ) BECHEE R
F oM REEERIET 5, ZEMICELATH - 722020
FEovALa Y OREHIE, FE (19814E 20 52010
FEOFHE) LIITRELELD, ZEORLAD T TR
WA DR (3/14), BERBEIIMIA EHT4HEL
W1, RZIT, 2020a). HIEH B & Jb~EhENFAE
RIRRASHE S &\ ) FRER I e RE 22 A &2 R L7ze SO
K& LT, Nagai et al. (2020) &, B 7 & & T
SFHSRASTFE IR (1202 ERE) Tk BEAICX
N HEIRIROFEERAEIL, FORHE, FEDSEN T HE
PEZ 840 L 720 2020 4E D4 LL B AR 7 400 F T,

HISKIR DRI I, FORER, 3757 XFOM
ARFHIEICENTELE0D LNy,

HZERIR O BRG] « I8 RNR o i B |2 00 B 2 AT 2
R - AT RHR O Ff RV 6 T 2 R R i e & D A X
TA—FRPFETL IR L ZEAREIN TS
(e.g., Cesaraccio et al., 2004; 7, 2008; Wang et al., 2020)
a7 L7 XX OFUERHIED T X &P 5 AP
NG A= OHFEIE, V27T EHRRTREZIATHTH
% (e.g., KM ETTA, 1982; FEF & /IJE, 1990; FIE I,
2010), HEA (2008) 1%, SEFHAIEA13.6C TH 5 i
W OB T A2 RIS, 3FF7E 27 XFORIEHICID
W TS IR R B L 6 B A L R i & 2 ORE S B IG H
% BHBIZE 7 — & L 5RO WIS BFR OFETIG 2 fFHT I X
DHEE L7z L LARAS, ZOREELNHE T
L AR BT HEH T A — 5 OEEE (oM~
HHOLL S LE) oWitix. A +45ThHb, —hH. H
FERHR O B | 2 B 7 AR 2SR i & AT IR IR D B 12 A2
WRMEERE LT HREDSHIERHIEDT &4 L
o TWAWEEMLEZ 5N 5 (Basler, 2006; Tang et
al., 2016; Wang et al., 2020), 2 FF & 7 X FDOBHIER B
o7z /0y —0MREERDLDIZ, (1) Sz
WHgE LB A7 2 ud—@lE, (2) &t
CBOWTHFICBINEIN T = OMBET AT
(e.g., SkHIZ2, 2019; ENZFH=HAE, 2020) &, T

WA B 22 AF - aF50 T2/ 0d— 10



Table 2 Relationship between mean temperature and (a) first date of flowering and (b) leaf-flush at Yokohama Institute of
JAMSTEC. Qa: Q. acutissima. Qs: Q. serrata. p : Spearman’s rank correlation. p: p-value.

(a) First date of flowering

Month Period Qa_Ycamera Qa Y1 Qa_Y2 Qs Y1 Qs Y2 Qs Y3
p b P b4 P b4 P b4 P b4 p b
December 1-10 0.12  0.83 0.20  0.78 0.20  0.78 0.80  0.33 0.80  0.33 0.80  0.33
11-20 0.20  0.70 0.20  0.78 0.20 0.78 0.00  1.00 0.00  1.00 0.00  1.00
21-31 041  0.43 0.60 0.35 0.60 0.35 0.80  0.33 0.80  0.33 0.80  0.33
January 1-10 0.27  0.61 0.20  0.78 0.20 0.78 0.00  1.00 0.00  1.00 0.00  1.00
11-20 -0.99 0.00 -1.00 0.02 -100 002 -040 075 -040 0.75 —-040 0.75
21-31 -035 050 -030 068 —030 0.68 0.40  0.75 0.40  0.75 0.40  0.75
February  1-10 -041 043 —-0.50 0.45 —-0.50 0.45 040  0.75 0.40  0.75 0.40  0.75
11-20 -0.12 0.83 -0.20 0.78 -0.20 0.78 040  0.75 0.40 0.75 0.40  0.75
21-28/29 —-0.62  0.19 -0.56  0.32 -0.56 0.32 0.32  0.68 032  0.68 0.32  0.68
March 1-10 —-0.17  0.74 -0.20 0.78 -0.20 0.78 —1.00 0.08 —-1.00 0.08 —1.00 0.08
11-20 —-0.75  0.08 -0.60 0.35 -0.60 0.35 -0.80 0.33 -0.80 0.33 -0.80 0.33
21-31 —-0.52  0.29 -0.70  0.23 -0.70 0.23 —1.00 0.08 —-1.00 0.08 —1.00 0.08
(b) First date of leaf-flush
Month Period Qa_Ycamera Qa_Y1 Qa_Y2 Qs_Y1 Qs_Y2 Qs_Y3
4 b p )4 4 b p )4 4 b P b
December 1-10 0.41  0.43 0.53 0.36 0.26 0.74 0.60  0.35 0.60 0.35 0.05 094
11-20 0.41 0.43 0.58 031 0.26 0.74 0.10 0.95 0.50 0.45 0.36  0.55
21-31 0.58 0.23 0.95 0.01 0.78 0.23 0.70  0.23 0.80 0.13 0.67  0.22
January 1-10 0.46  0.36 0.58 031 0.26 0.74 0.10 0.95 0.50 0.45 0.36  0.55
11-20 —-0.75  0.08 -0.63 0.25 -0.78 0.23 —-0.90 0.08 -0.60 0.35 —-0.98 0.01
21-31 0.09 0.87 0.32  0.60 0.26 0.74 —-0.10 0.95 0.10 0.95 -021 0.74
February  1-10 0.06 091 0.11  0.87 -0.26 0.74 —-0.10 0.95 0.10 0.95 —-0.56  0.32
11-20 0.29  0.58 053 0.36 026  0.74 -0.10 0.95 0.40  0.52 -0.05 094
21-28/29 -0.12 0.82 011 0.86 —-027 0.73 -021 0.74 0.05 094 -0.58 031
March 1-10 -035 050 -053 036 —-078 023 -050 045 -040 052 -015 0281
11-20 -093 001 -09 001 -078 023 -0.70 023 -0.80 0.3 -067 022
21-31 -0.75 0.08 -09 001 -078 023 —-090 0.08 -0.90 0.08 -067 022
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Phenology of Oak Trees in Kanagawa: Comparison between
Yokohama Institute of Japan Agency for Marine-Earth Science and
Technology and Tamagawa University

Shin Nagai', Seikoh Sekikawa®, Hideki Kobayashi', Mitsutoshi Tomotsune”

Abstract

We have conducted long-term phenology observations of Quercus serrata and Q. acutissima at Yokohama Institute of
Japan Agency for Marine-Earth Science and Technology JAMSTEC) and Tamagawa University by visually inspection and
time-lapse cameras. We then examined the year-to-year variability of the first date of flowering and leaf-flush and their
variable factor. The first date of flowering and leaf-flush of Q. serrata and Q. acutissima during 2018 and 2020 was about two
weeks earlier than that during 2015 and 2017. The first date of leaf-flush of Q. serrata at Tamagawa University was about
two weeks later than that at Yokohama Institute of JAMSTEC. The first date of flowering and leaf-flush of Q. serrata and Q.
acutissima tended to negatively correlate with mean temperature for 10-day periods in March.

Keywords: flowering, leaf-flush, phenology observation, Querrcus acutissima, Quercus serrat
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