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Abstract

Aims Corner’s rules reflect the architectural strategies of plants with respect to deployment of twig size and leaf
size, as well as of the number of twigs and leaves. The objective of this study was to examine how Corner’s rules
would vary among plants with different individual densities.

Methods The study site is located in the Tiantong National Forest Park (29.87° N, 121.65° E), Zhejiang Prov-
ince. We measured twig cross-sectional area (twig size), total leaf area (leaf size per twig), and the number of
twigs at a given twig size (branching intensity) in woody plants across 25 plots differing in stem density to exam-
ine the effects of individual competition on Corner’s rules. The standardized major axis (SMA) analysis was con-
ducted to determine the quantitative relationships of twig size with leaf size and branching intensity.

Important findings  Significant, positive allometric relationships between cross-sectional area and total leaf area
were found in individual plants across all communities. There was no significant difference among communities
of different density intervals in the slope of the linear regression between cross-sectional area and total leaf area of
individual plants, and the common slope of the regressions was significantly greater than 1 (p < 0.001). The inter-
cept was significantly greater for plants in communities with higher density than in those with lower density (p <
0.001), indicating that plants in a high density community support greater total leaf area than in a low density
community for a given twig size. In contrast, a significant, negative allometric scaling relationship was found be-
tween branching intensity and cross-sectional area in individual plants across different communities. Also, no
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significant difference was found among plants in communities of different density intervals in the slope of the
regression between branching intensity and cross-sectional area, and the common slope of the regressions was
significantly less than -1 (p < 0.001). The intercept for the regression relationship between twig area and
branching intensity was the same among plants in communities of different density intervals (p > 0.05), suggesting
that plants in a high density community do not deploy more twigs per twig size than in a low density community.
In summary, this study demonstrated that plants responded to changes in individual density by maintaining an in-
variant regression slope for the twig size-leaf size relationship and the twig size-branching intensity relationship,
and that the Corner’s rules were not affected by individual density of the communities in the Tiantong region.
However, changes in the intercept of the regression between twig size and leaf size indicate that deployment
strategies between twig and leaf sizes could be adjusted with increasing individual plant competition, thus struc-
turing species coexistence through niche differentiation.
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Fig. 1 Regression relationships between total leaf area and twig cross-sectional area (A and B) and between branching intensity
and twig cross-sectional area (C and D) at individual level. A and C are for all individuals, and B and D are for large-sized indi-

viduals only. *** p < 0.001.
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Table 1 Summary of regression parameters based on standardized major axis estimation for scaling relationships between total leaf
area and twig cross-sectional area and between branching intensity and twig cross-sectional area for individual plants in communities
differing in stem density

el B[R] AL AR (EAS X W) i
Data group Density interval Individual number  Group slope (CI) Intercept
BB AT AN - B T AR EotEig N L (72-114) 933 124 (1.20-1.28)" 147°
Twig cross-sectional area-total All individuals M (114-156) 1414 1.20 (1.17-1.23)™ 153
leaf area
H (156-198) 709 1.18 (1.13-1.23)"" 1517
KAE L (6-15) 178 1.13 (1.04-1.23)* 1.48°
Large-sized individuals H (15-24) 142 1.08 (0.99-1.17)° 1.542
TR AR AR -3 R 5 AR L (72-114) 933 -1.45 (-1.48- -1.42)" 0.03*
Twig cross-sectional area- All individuals M (114-156) 1414 ~1.46 (-1.49- —1.44)"" 0.03
branching intensity
H (156-198) 709 -1.46 (-1.50- -1.43)* 0.03°
KK L (6-15) 178 -1.42 (-1.50- -1.36)" 0.90°
Large-sized individuals H (15-24) 142 ~1.46 (~1.53 ~1.40)"" 0.91°

SRR FAREE R T, AN [E) T R R AN [5) 585 4L IR A AE 38 25 5 (p < 0.05) . *, TR RPR 5180177 4E 35 % 7 (p < 0.05). L. MAIH, 4>

TARARARS S L e BN ks JEE DX W)

In the columns of group slope and intercept, different letters indicate that significant differences between density intervals (p < 0.05). * indicates that
group slope significantly deviates from 1 or -1 (p < 0.05). L, M, and H represent the low, medium, and high density intervals, respectively.

2 AN LR R (A (bR e )

Table 2 Twig and leaf traits for plants in communities differing in stem density (mean + SE)

Hhi 2 X AR WK
Data group Density interval Individual level Species level
B TR GERAMA L (72-114) 84.79 + 5.15% (L-M, 0.82) 136.53 + 39.62° (L-M, 0.63)
Total leaf area (mm?) All'individuals M (114-156) 88.29 + 3.72%(M—H, 0.00) 185.43 + 43.01° (M—H, 0.65)
H (156-198) 68.20 + 3.60° (L—H, 0.04) 131.01 + 28.60° (L-H, 1.00)
KAk L (6-15) 222.94 + 23.32% (L-H, 0.28) 24355 + 115.72% (L-H, 0.85)
Large-sized individuals |} (15 4 185.86 + 25.36° 220.05 + 66.08°
WA I L (72-114) 2.21+0.09* (L-M, 0.57) 3.02 £0.39* (L-M, 0.59)
g'r\r/]vri]%)cross-sectional area  All individuals M (114-156) 2.10 % 0.07° (M—H, 0.03) 3.93 % 0.93° (M-H, 0.75)
H (156-198) 1.79 £ 0.08" (L-H, 0.00) 3.17 £ 0.56* (L-H, 0.99)
KAk L (6-15) 5.51 % 0.36* (L-H, 0.07) 4.23 % 0.89* (L-H, 0.67)
Large-sized individuals H (15-24) 4.39 + 0.50° 5.03 + 1.49°
AR AR L (72-114) 0.88 + 0.08* (L-M, 0.11) 0.77 +0.14% (L-M, 1.00)
(B,\';z’.‘.f;‘:]:,%)i”tensny Allindividuals M (114-156) 0.74 +0.03* (M-H, 0.91) 0.76 + 0.14* (M-H, 0.87)
H (156-198) 0.78 £ 0.04* (L-H, 0.39) 0.65 % 0.14* (L-H, 0.83)
KAk L (6-15) 0.32 £ 0.06* (L-H, 0.24) 0.75 £ 0.27* (L-H, 0.39)
Large-sized individuals H (15-24) 0.41 + 0.05° 0.52 + 0.10%

L. MAIH, 53l AR L hsg ORI FEIX ), Ja PSP A [R) P B ARERAN [R] # FE 4L I A7 45 8 35 22 57 (p < 0.05), i 5 W& ARl 4L 1) 22

Sk A e -

L, M, and H represent the low, medium, and high density intervals, respectively. Different letters in the latter two columns indicate that significant
differences exist between density intervals (p < 0.05), values in parentheses are the p value for testing the significance of differences between density

intervals.

FHRR R, AR EZE/NT-1 (p < 0.01,
1D), HHBEMRHEAEK KR, HEFEXHZ
B FFEAE LRI ZF-1.44 (95% CI = (-1.49, -1.39), p =
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0.47) (1), [FIFF, B Rdnip 5 ot Bl s
RE AR A2 3 L IX [ R P22 5 (p > 0.0,
K1D, K2), HWFlK-F L4 R (ER3).
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&3 WIPK AR SEAE FEIX AR )RR AR B B O 2R, DA SRR A T AR 3 R 8 JE 5 A% AR b 2 i o [ )
S8

Table 3 Summary of regression parameters based on standardized major axis estimation for scaling relationships between total leaf
area and twig cross-sectional area and between branching intensity and twig cross-sectional area for plants in communities differing
in stem density at species level.

i X (] WA FIARKR? SARRESXT) SRR ERFX ) AH
Data group Density interval Species  Regression  Group slope (Cls) Common slope (CIs)  Intercept
number  coefficient
WA A i - T AR LA L (72-114) 59 0.65™" 1.10 (0.94-1.28)° 1.01 (0.98-1.15) 1.53°
Twig cross-sectional Allindividuals g (114-156) 59 0.82" 1.05 (0.94-1.18)° 1.61°
area-total leaf area -
H (156-198) 37 0.76 1.06 (0.90-1.26)* 1.56%
KA L (6-15) 28 0.77"" 1.13 (0.94-1.38)° 1.07 (0.96-1.20) 1.54*
Large-sized H (15-24) 35 0.86™  1.04(0.92-1.19)° 157
individuals
e AR AR -3 Y 2% i A HAMA L (72-114) 59 072"  -1.78 (-2.04--1.54)" -1.60 (-1.47--1.73)*  0.12°
Twig cross-"sect'lonal ) Allindividuals ., (114-156) 59 078" —157 (-1.78--1.38)" 0.04%
area-branching intensity
H (156-198) 37 0.80™"  —1.46 (-1.70- -1.26)* 0.03*
KAMA L (6-15) 28 0.96™  -1.28(-1.39--1.19)" -1.33(-1.25--1.4)°  0.16°
Large-sized H (15-24) 35 0.92™  -1.42(-1.58--1.28)" 0.12°
individuals

L. MHIH, 73 RERAREE . B ERE B EX o ***, p<0.001. 4R RIS b, AN ) TR AN W 4L A4 2 35 22 7 (p < 0.05),

*F§, 2r AR AR IR L1 k-117 46 2 3% 22 5+ (p < 0.05),

L, M, and H represent the low, medium, and high density intervals, respectively. ***, p < 0.001. In the columns of group slope and intercept, different
letters indicate that significant differences exist between density intervals (p < 0.05). ~ and § indicate that group slope and common slope significantly

deviate from 1 or -1 (p < 0.05).
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(Ackerly & Donoghue, 1998; Preston & Ackerly,
2003; Westoby & Wright, 2003; Sun et al., 2006;
Normand et al., 2008; Yang et al., 2009). #iff57%& W,

T8 BRI ) g AR KOG R 1) SR R AT S AR IR AL
B 125 K Sy LA O (Niklas, 1992; Enquist et
al., 1999; x| [#%%E, 2008; Normand et al., 2008;
Olson et al., 2009) . A 5T H AP V& 37 TR 3
(R A X, % B T3 A R, K N 78
JE, IR AR RIS, AT
TS B D), BT Be A 7K 23 R Vs 6 1 s
IREEE A T R BORK o 2 G Re J kEd), 1o
B KN BB TR A, S pg B 7 4 TR 58 0% A ) T
W /NI R, A A SR A KN e A )
TR T 38 K 4 78 R RS . DRI, 7 A A A T
FRLSH RIS RS, HEARESEE R T X
T I G Al ] DL FURE R LA R A A AR
(P LT ARAS 2 S e, A . AT BEPRR
LSRN, DIFACE T SR, BRI
BT PARPR 5187 B 25, AEHAK.
It 45 3L 5 Brouat ¥ (1998) (M 77 45 S — 3. AT+
MEACE SRR BRI 22, e T
WM T IEASFIE ) o AR BT o T
Pedhh, HEas 7RG R, L i X 1 LA
Pl PEAR 22, ORI 5 LR AR T AR - i TR
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doi: 10.3724/SP.J.1258.2014.00061



662 4 &2£4R Chinese Journal of Plant Ecology 2014, 38 (7): 655-664
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AREFCRIN, ) 45 AR R AR S ST
AR RAE &2 JEIX ) AT LR, S 1 ko
FRCorneryZ: ) 8 — 77 I ANBE V& ST AR BE 1T 0 T
BENAR . XA — 2, B AR
HGOIE, RISERE v P 304 1) 8 st 5 4 D), (HAS
JE LR 4 B R B R, LA g B TR A
ARABUE BT 2 5 IR ) B R /N A DR /IS R TE A 96 5%
AW U, REAMAR BEARR, WIGVESAR )
FERCH RN BRI OCR, A BIACR AINFII R/
IR YR — A PR ik . s R T se
T DA TEAS A B G, o KNI
RSB — 8 KNI SCHE, W ) A LR K
K/NIUCTEC, 36 2 B ) 27 RIK 53 B ) 2 1R 225K
A B DR FED UM SCHE AT, LU R K 3 i AN 75 i £
i (Givnish, 1987; Westoby et al., 2002). 2)4;H- 2%
BHIRE W 88 R [ RIB A BRI T Hoh
SR BE 17 (Harvey & Pagel, 1991). 3)4% #4423 7
AR, B AR FEI B ) (e Al 2 B 1) 4 de A
At J7 a ik, TP K A IS SR I R 2,
P R R PR i e T BRSNS A i A i 5 e
DI AT AR S I P S R e T AR 2 e
1] (Shinozaki et al., 1964; Zimmermann, 1983; Niklas,
1994; Brouat et al., 1998; Enquist & Niklas, 2001,
2002),

XS RIS RS R DG R TR IR, 5455
FEDSIH], BB AR 5 o0 A4 % T W UK, &%
JEX [a) HAT B2 N T-1R LR R R . BOR/ N
FE ORI Bl R R w2 -1, RUIAELELHAL B
DRI Y s IS TE SNSRI DN PPN
#, XA RS H A, 2012). R/
IES A7 O S I 1 A 25 A DR /NP0 6 7 T )
BT, 3X A 7 Cornery U 55 5 THI 1 32 ZRFAIE, L
R /IN- BB AT S ALY A A TR AR A T B 26 )
SR MRS A PR B o3 BC 25 BOR /N B AE AT
J& LU L H5  AUr 1) (Takenaka, 2000), B,
e AEYET, BORANRUESE () R £ A7 A A6 AU,
RT: 23R (R TC B A R D R AR AL B, 24 8L
ZIANRE AL Rk, AHIFFE AN [R]85 B X ] 3L [
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BEAN A B) 5 4 () B 99 T A AR O . e U, HEA
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