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Abstract

We examined leaf traits (i.e. leaf size and shape, leaf dry mass per area (LMA) and leaf nitrogen concentra-
tion (LNC)) of mountain avens (Dryas octopetala L.)growing at the southernmost extent of its geographical range
(mid-latitude alpine), in Tateyama Mts., central Japan. We then compared leaf traits among a mid-latitude al-
pine population (D. octopetala L. var. asiatica (Nakai) Nakai) and high-latitude subarctic and arctic populations
(D. octopetala L. var. octopetala), using data-set of four different populations already reported by Kudo et al.
(2001). A mid-latitude population (Tateyama) had a rotunda-shaped lamina with larger leaf area, while a high-
latitude arctic population (Ny-Alesund in Svalbard) showed an elliptical lamina with smaller leaf area. LMA was
remarkably lower but LNC was greatly higher in a mid-latitude population than in subarctic (northern Sweden)
and high arctic populations. When all data (mean values in each population) were pooled, a negative relationship
between LMA and LNC was detected significantly among populations (r = —0.93, P = 0.02). We discussed these
geographical variations in leaf traits from mid-latitude alpine to high arctic tundra in relation to climate vari-
ables and water availability.
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Table 1. Description of study sites and weather conditions during the summer season. Monthly mean for air tem-
perature and global solar radiation and monthly precipitation are shown. Values are given as means during
1992-96 (SD) in Abisko, Latnjajaure and Ny-Alesund. Weather conditions in Tateyama are available only in
2002 (temperature and precipitation) or 2001 (global radiation)

Study site Tateyama Abisko Latnjajaure Ny-Alesund
TA AE & AL HA
Climate Mid-latitude Subarctic Subarctic High Arctic
alpine subalpine alpine

Latitude 36°33N 68° 21N 68° 22N 78°56'N
Altitude 2,700 m 400 m 1,000 m 100 m
Air temperature (°C)
June 6.1 7.9t14 3.56%1.6 2.31+0.3
July 12.1 10.8*1.1 7.0*£1.3 5.2*1.2
August 11.3 9.91t1.2 7.0+£1.9 3.8+1.0
Global radiation (MJ m ")
June No data 539161 582+t174 568167
July 504 478+47 481126 37575
August 434 341+32 328443 253130
Precipitation (mm)
June 244* 3012 5126 1610
July 568%* 41+23 76135 3029
August 213% 48+24 73140 43+24

*Data from Japan Meteorological Agency.

IEIEEEICA 27 b R2 = FHIED Y — 2 &30 %
55, HA TR ZOHBEIZKBOET & HEHED
WAOWECTHD , AEI IR RN &
WA 5. TA O HEKEIZMORF T IZ T
FI2EL, 555 105 ETH -7z, BLEDOXK
RT— 2O I D, EREEITIE, R L
HONUNZHARTT7T A6 8 AT TOHGE
DWANHFETH D, HEREARWNZE 22D 5
T I AF — AN FREHE AR, KRN E
L ABWZEDRRBELTHITFEN S,

2. il = —F N Z Ik T BEEFRED Mk
St (TA) E=—#4 2y (HA) 126175, 4
FREOFEH R, FEGME, Rk K OFERTEO T
FR % Table 2 1T/ L7z, BEHOR X LiFE 127
LIDEIAREE (TA) D F = — AL 2 ¥ OfEKREE (HA)
KD RELEMAERLED, EHEXD LEHIFED
ENKEL, FOFBEETRIRILIETA YT
1.38 25 72DIZxt L THA 1200 TH 72, T4
bH, VHEXOMBIZELS, =—F L2233 L&D
EHIIOEOETH S 2L AR LTWS (Fig. 1),
Nakai (1916) &, RD &k 2 HEMEO R % &
W, HARDF 3% 7 2%V % (syn. Dryas octopetala
L. f. asiatica Nakai) % &#EHIEO I — 1 v /3
Fav /) A7 U (syn. D. octopetala L. f. oc-
topetala) 7 HXWI L7z 1 1) EHLL, Ei»k

K, WA TH 5 ;2) EWAEWL;3)
LRIEMEME~ERE TR TH % 5 4) £l
IZIEERDBH D, ERISZAVHELS D > THEEL
725~10DRAH 5, ZDEGHICHT 3 L ikiT,
RARIIZB$ 2 RWROER (Table 2) #6 K UHE
SISO TORBIEMR (Fig. 1) & —FL T
%, 72, vILOEKE (TA) OEHFIIRIFTH
D, =—F 2Okl (HA) ORELITIER
HNZAD > TEEZAETA T, EOR XA,
SIS E 5 XN B Z L &P ¥, #HME%
HIBR§ % Z & T % & 2R ELD—D & L

Fig. 1. A sketch of a leaf of Dryas octopetala L. var.
asiatica (Nakai) Nakai, growing at a mid-latitude
alpine (Tateyama, left figure), and that of D. oc-
topetala L. var. octopetala, growing at a High Arc-
tic tundra (Ny-Alesund, right figure). A vertical
line between the leaves shows a 1-cm scale.
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Table 2. Comparisons of leaf size (length and width) and shape (length/width ratio) in Dryas octopetala between
a mid-latitude alpine population (Tateyama, TA) and a High Arctic population (Ny-Alesund, HA). Values are
given as means with standard deviations. Coefficient of variation (CV%) is shown in parenthesis. All variables
were significantly different among sites (P<0.0001, Kolmogorov-Smirnov’s test)

Site

Tateyama (TA)

n =20

Ny-Alesund (HA)
n =10

Leaf length (mm)
Leaf width (mm)
Length/width ratio
Leaf area (mm®)

15.8+£2.6 (16.5%)
11.4£15 (12.7%)
1.38+0.11 (7.9%)
130.2+36.8 (28.2%)

11.2£1.3 (11.8%)
5.6+0.5 (9.7%)

2.00+0.23 (11.6%)
32.5+8.4 (25.9%)

TEZLN TS (4EH11985), fiE->T, HADYE
DX ZIARIL, EREEHIR TOHZIEZ L 205 &
ERML72BED—2k0»s Lk, ZOIZE
EHO T S22, HEiRd 2 WVIEIER Loy
7% (vapour deficit) 5%, fHHEZ 7y — LIl 1) BB
WK AL FARDMBEND 5,

M{AAREE £, EER LD S ESIEO S HZED)
FREDIINE Dy 5 72, BERIREIE TA TRE L, FIUE
THADR 4O AR L 724, 28 5% 803
KL S ICKE o7, WEREIL, RELER L
BB J UKD G ERfL2 BEIZE > TKRE
BB EZTLIEMMEN TS (Friend and
Woodward 1990 ; Kérner 1999)., 5, /&A1
FEIZHY 5 72 % < OFREET, ERAE TV 5B
BEEKORE & fF e TIRERRE & a5 2 &

T, F 7 PR = FI12F 1 B EOREZ F A BRI

2SR 2 ST Z 208 Lk,

W 2 6 T I 1 COETER D25 2
Dk E & (L-mass), MM (L-area) ,
LMA % K U'LNC D 4 JFEIZDOWT, ko b
BA1r-7 (Fig. 2), 4 2OWHEIL, ThZh, it
W CRENICAEZRIC R s > Tnwe (fiEER, 3
N O LMA I229W I TARTP < 0.0001 (n =
90) ; LNCIZDOWTIXP < 0.0001 (n 60).
Kruskal Wallis test). {358 i kK OHEmIfEIL,
s S O (TA) 5 5 SREEFED = —
ALY (HA) (2 TR 3 H > 72,
FR2, B OW i, IIofEE#E (TA) &
Z OMMDMEAFREHZ IR THHEF IR BffE R L Tk
D, Mg UALO AR & 3G &I R A > Tk
(Fig. 2 ®_L4iX) . MEMEE IR >/ o dE
BEOY A ZOZE 2 — v 1F, KE 4N (Table
1) 2 5HAE NI 5EOIKT & HE RO I
5 kB E R O ED Ak L —3 L T,
LZAMLMA & LNCIZOWTEDFEELL BT
BB L WEEEILM (TA) 2 5 B iAo
A S A — v b SIS IZ T B T I

3.

- B

o
K

(SA) 5% (HA) £ ToOZE/ 2 — VI35
MITH L 5T D, TA TSR HISIC X, B
FIZ LMA MK (Fig. 2D FAX), LNC i
A (Fig. 20 TAHK) K&V A ZOFEDE X
NTW7, —HT, SA»5 HAIZH T TDEHE
MRS W Cid, S A 912D T LNC A
ML, LMA#IZ SA % 5 AL 22 T § %1
BN TRCY AN

Zhud, FROEEFEBIFOENDL R, K%
THCBE U 2 B0 VA S L ThwB L b
N3 (), LEDZ &5, mizEfho it he
ZER0T ) BUZAFHEMOR X 723 THM$T 50
BHEELWE S TH B, 5 TLMA (X) & LNC (Y)
ORRA RS &, Wi 3R TR LA O RHBIR
AR &N (Y=—021X + 4.6, r’ = 0.86,
P = 0.02) (Fig. 3). [ABROBARIE, #4534 A+
— LA ML TE R XT3 (Reich
1993).

FIAHIC B T B KBS ERAMICEHEST 2 H
e, 6 A5 8 HX TOEHIABENMIZI T 5%
W, HEES L URKEOREREAWTERS 5
MEIT 5720 ZTORER, F—FKS (PC1) DI
F1iE (Eigenvalue) 13 0.734, % " F K% (PC2)
ORAEMEIZ 007 EED, ThSDFERFDATH
AN B 2 [EFMHDINT Y F % 99.9% it
B]L 7= (Table 3), PC 1IZi3f&AKEA, PC2IZiZ
SRS, ThEhKkELLHFS5 LT\ (Table 3),
N6 PC1BLUPC2DHKFHEMIZK TS 2
7 — & I A & o B % % NE A7 R BE AR 5
(r.) #5IH U T L7= (Table 4) , PC1 & LMA
& DBNIEIETC A 7S 2 BOM B R AT < h
(r.=—0.61, P<0.0001, n = 90), —Jj LNC & D[#]
IIZIEOIBR R A X 7z (r.=0.54, P<0.0001,
n=60), L2L&H5, PC2 &imiffHEREE DR
IR NS B s BRI X s A 5 72 (LMA,
rs=—001,P=096,n=90;LNC, r.=0.12, P =
0.90, n = 60), ZN5DHHEIZ, LMA & LNC #°
WS LD KRG EMIT & > TR E R EEZT
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Fig. 2. Comparisons of leaf traits of Dryas octopetala among five populations :
Tateyama ; SA, subarctic subalpine at Abisko; AE, subarctic alpine fellfield with early snowmelt at Latnja-
jaure; AL, subarctic alpine snowbed with late snowmelt at Latnjajaure ; HA, high arctic at Ny-Alesund. Cir-
cles are shown as means (closed circles, TA ; open circles, SA, AE, AL and HA) with standard deviations (ver-
tical lines). L-mass, individual leaf dry mass (left top)
dry mass per area (left bottom)

; L-area, individual leaf area (right top)
; LNC, leaf nitrogen concentration (right bottom). Sample size of each popu-
lation is twenty in L-mass, L-area and LMA except for HA (n = 10), and ten in LNC except for TA (n = 20).

Different letters on the circles show significant differences at P < 0.05 level (Steel-Dwass test).

TA, mid-latitude alpine at

; LMA, leaf
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32 Table 3. Eigenvectors for three climate variables dur-
30 | ing the summer seasons on each of the first two
’ principal components (PC 1 and PC 2)
28 |
26 | TA PC1 PC 2
’ Temperature 0.273 —0.933
. 24 Global radiation 0.127 —0.207
L
2t Precipitation 0.954 0.295
Q AL
Z 20 | . .
Variance explained 91.0 99.9
1.8 AE (cumulative%)
1.6
14 | —
SA
1.2 +
1.0 . . Table 4. Spearman rank correlation coefficients (r.)

4 6 8 10 12 14 16 18
LMA (mg cm=)

Fig. 3. The relationship between LMA (leaf dry mass

per area) and LNC (leaf nitrogen concentration).

Squares are shown as means of each population
(see Fig. 2 for sample size of each leaf trait). Ver-
tical and horizontal lines show standard deviations
of LNC and those of LMA, respectively. A negative
correlation between LMA and LNC was found (r =
—0.93, P = 0.02, n = 5). Refer Table 1 for abbrevia-
tions in this figure.

TWAZEERELTWS, {fHEERE (L-mass) B
F O (L-area) IZ22W T, WFhd PC1
BEUPC2 & DMICAHZ BB RA MM S 7z
A, FEERICEILTIEPC1 LD & PC2 DI
KRR S (Table 4), WRELRMAFIZK S
WHEAEXDHRSZIT TNWB I eI h, DL
D &SI, LMA & LNC I3 % & 5o & OV 4 ifi f

EWFERLD, KGFMFICKBEELELDZTRTV
FETHBZEnEL LN,

LMA (3 HBRED KGRI RB SN, A
FLUADHE D& LMA 2T 5 Z &0 k5h T
V% (Woodward 1983; Friend and Woodward
1990 ; Korner 1999 ; Niinemets 2001), Z#uik
T AR b L 22 & B &hB &, EOMINaNIC
B2 BERKDOZEENZEL L, EORREL 2D
DOEENE A, ZOREE L TLMA »HINT % 7
WwEEZLN TS (Niinemets 2001), #+ 2 b X
H—F O LMAIZDWTIE, KRS HSE? S PR
S B AHFEHR O R X 0 & A F B O AR
W OEND S8 & ) KE SFEEKIFL TN
ATREME ARV SLIEARTE (TA) T LMA it 238

FUKA > 7 DR e Sl O, iR i
o 7 € 2 2 ffERE (SA) TLMAfEAE - &

between scores of study sites in PC 1 and PC 2 and
leaf traits. L-mass, individual leaf dry mass; L-
area, individual leaf area ; LMA, leaf dry mass per
area ; LNC, leaf nitrogen concentration

PC1 PC2
L-mass (n = 90) 0.33%%* —(.70%%%
L-area (n =90) 0.61%% — .58
LMA (n = 90) —0.61 %% —0.01"
LNC (n = 60) 0.547%% 012"

*#* P <0.0001; *** P < 0.01;ns, non-significant.

LD S DT L 2K Ic X A ELE LS
N3, L2rL, ikdFEKREND L - 72FEHED = —
AL Z VAR (HA) I2BW0WTiE, SA kD &K
WIMAfiiz/RL Tk D (Fig. 2 XU Fig. 3), %
FEH OB AR 2 TlE o Bt A Rk v, 98
O HA T, [ESMELS HEESD 0%
REEnbnZ e, BB E S 5Z 8, ©
K OREO KM 7 4 T R 5 KELABHITh S
FTWI LB EAEETSH L, WAEFHISIC R TY
FTLEARHIEMEL Nr — 28 E 2605,
A AR J5 U 2 AR O KR FHR) =R % s 3
57-9120F, BAEZTTERAFSTHD, EHOD
KRBT V¥ v B E RITTER, $abbiEh
IR, WEBIUCIERGELE, EOEMNT
WBZE 2 — VAR - 7 BB A T &l U CET
lid2BEND 57255, WFhicHk, &t
ICAEBL OB AR - + 2 bXZ—=FI12D0WT,
KGZ DL ZDOFEEHS 22T 5 2 L5 HOM
HETH5,

o b RA — IR SO HAR T TE SEME
(77K 1982) , TIEHD 2 Y = —F ¥ TIZ LR
(Jonasson 1989), FEHID 2N — LN L TIEHE
#%M% (Renning 1996) & h T\ %, LMA & LNC



R - 3 RN

5155 15

2003 4 6 H

OBt (Fig. 3) » 51%, Wl &L O % VR
RBE (TA) 25 HFHFOPHEEMEARE (AL, AE
B LU SA) F CIREMRMIZ LMA 281 L T LNC
WA § BIEANZ B 5 5%, FEHFOMARE (HA) 12
B L i irtt & AR X 3 @0 LMA il %75 L
TH 59, 72 LNC AT EARE L D & @0
xR LTNWE, 2084 — it EHEBBO®RD
IS BEEEREO IR E K2 55 2 i (Kudo
1992, 1996 ; Kudo et al. 2001), ¥&HER) L HEDVE
BADOZERL LHFARETH 0 |, Wikt E X h b8
% (Ronning 1996) &I FET 5, AEID LS
KAERE K S5 T=IZDONWTIIBIED L Z AR TH
3%, @il 3 DOk (TA, AE KU AL) iF
LMA-LNC O BUFRE# FI2IZIE 7T e v b ATy
20, gLy o AR (SA) LIRS
OFHEWEERE (HA) 2o\ TIRIARER 2 5 2R
Bz ZAICTay b ENTWS, HENBREEE
JEISW - 72 AR SEB O RS T L, Rk L
7o RGN A CREEEE 123 - 7= BRI Sk D
HEWHABEBRLTWS 28 Lk,

MR 0 e (0 D R I o 71 11 [ N s G S =
A B O RAGR KBS 1L —HOENZ T Tl
<, FIFIATRE 2 SR el FH 0K oy S 75 & Bk 4 T BN
FHROENBFET 5, ThIZE 2257, LMA
-LNC 0% #HE 5B OMHBBKR (Fig. 8) &, RIEHE
Kl BEA I 7 BINE VS 2 R 0 2 b S 4 —
VIR P L —F - 7 ITEOER A2 T
5ZLERELTWSERDbIS (Reich 1993),

E

] S A T2 iy OO R s 120, ek - 2o
—INLEEE = —F L A Vv OFEIZB W TREA 5l
HEX->THZEZ L, 72, ARiE2ZLD312H
720, BIRRFFII eI O S ARER S L ITE, A
WHEIARXAY P ATHZE LR, ZZICEHOBAEEL
9, RFEO B, STBRIZEE ORI 2l
B4 (No. 13740438 & UF No. 13440226) 1= & %
B2 Ttk L7,
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