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Fig. 1. Seasonal variation of environmental conditions and
specific leaf area. (a) 14-day average night temperature during
the period of measurement (@, upper site; V, lower site). (b)
8C of leaf bulk organic material as an indicator of tree
water-use efficiency and soil water availability (@, upper site,
upper canopy. O, upper, lower canopy: ¥, lower site, upper
canopy: V, lower site, lower canopy): (c) specific leaf area. Values
shown are means (£ SEM) where n= 14 (a); n=6 (b,c).
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Fig. 2. Seasonal variation of dark respiration rates estimated from fitted temperature-
response curves (Fig. 2) for Quercus rubra leaves in four site—canopy position
combinations. Parameters R,., (upper panel); R, (middle panel). Ry (lower panel)
are area-, biomass- and nitrogen-based dark respiration rates calculated from the fitted
responses. Respiration rates at 20 °C (a—c) or at the 14-day average night temperature
bracketing the measurement period (d-f) are plotted. Values shown are means
(£ SEM), n=6. Symbols as in Fig. 1(b.c).
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Site Constant Upper Site
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Model

Constant Eq Model

14-Day Average Reap-m
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-18.8%
-3.9%

Lower Site

444.0

13-June
Seasonally

Constant
Physiology
Model

31-July
17-Sept
21-Oct

Upper
Canopy
Lower
Canopy

Canopy
Constant
Physiology
Model
Site Constant
Physiology
Model

Upper Site

Lower Site

Constant Eg

206-219

44.7

+68.4%

+6.0%
+60.0%

+11.5%

-43.3%

+10.1%
+0.1%

290.6

+73.0%

+4.2%

-23.0%

+14.2%

+0.1%

Upper Site

254-267

39.4

+62.2%

420

+54.0%
+10.8%

-40.5%

+32.1%
-3.0%
266.1

+136%
-0.6%

+72.7%
+1.8%

-10.8%

+23.8%

-3.0%

All 4

periods

288-301

23.8 38.7

+5.4%
-38.4%
-38.29%

+36.4%
-14.99%
-20.5%

+37.6%

+7.2%

+4.5%

4.1%

2534
+40.4%
-43.6%
-42.9%

+20.0%

+36.7%
-43.0%
-44.9%

+1.0%

+11.5%

+4.1%

159-172  206-219

81.9 100.8

-- +28.8%
-19.3% -
+003%  +22.0%

+20.8%  +50.3%

+11.3%  +11.4%
-384%  -42.8%

+22.6% 9.1%

-46.50%
-42.2%

-10.9%
+4.2%
-22.6%

10.0%

Table 1. Model parameters of respiratory temperature response in all season/site/canopy position combinations

Model parameter

E, (kJ mol'")

Sampling period

06/11-06/16

Upper site

Upper canopy

Lower canopy

54-8 (1-9°

Lower site

Upper canopy

576 (11

Lower canopy

51:2(1-3)™

51-0 (3-0)™
52-5(1-9)™
55-4 (1-5®°
52-0(1-2)™
0-64 (0-06)°
0-39(0-01)*
0:39 (0-04)
0-59 (0-04)°
8-5 (0-42)°

3-9(0-19)f
3.6 (0-25)°
6-3(0-39)™

52-1(1-3)™

55-1(2-7)"

49-7 (2:7)™
0-43 (0-06)*
0-20 (0-02)
0-21 (0-02)"
0-47 (0-06 )™
80 (0-57)°
2:9(0-18)"
3.2 (0-29)%
7-4 (0-54)™

49-5(2-4)™

47-0 (2-4)

51-5(2-8)*
0-51 (0-03)™®
0-45 (0-05)>
0-60 (0-05)°
0-64 (0-06)°
7-9 (0-42)®
4-4 (029
56 (0-32)°
7-1 (0-47)

07/30-08/01
09/17-09/18
10/20-10/23
06/11-06/16
07/30-08/01
09/17-09/18
10/20-10/23
06/11-06/16
07/30-08/01
09/17-09/18
10/20—-10/23

Rg(area, 10 °C)
(pmol m™2 s7)

R, (mass, 10 °C)

(umol kg™' s7)

56:7(3-1)®

556 (1-9)®

48-2(3:2)™
0-28 (0-03)
0-21 (0-03)F
0-17(0-01)
0-40 (0-03)™
61 (0-44)™
3-6 (0-43)%
3.0 (0-20)%
7-6 (0-53)*

E, is a parameter equivalent to the energy of activation for respiration as an overall reaction, and is similar, but not identical,

to the energy of activation for a single enzyme reaction.
R, (on an area basis and a mass basis) is the base respiration rate at 10 °C.

Values shown are means (+ SEM) where n = 6. Means were compared in pairs among all 16 season/site/canopy position

254-267

combinations by r-test. If two values are followed by the same letter, they are not significantly different at 2= 0-05.

Table 2. Summary of multivariant correlation analysis between R at 20 °C (R,y) and leaf properties (leaf nitrogen, reducing monose and sucrose) in Quercus rubra

Effects isolated Data group
(n=96) All

Season uu
(n=24) UL

LU

LL

13 Jun US
13 Jun LS
31 Jul US
31 ul LS
21 Sep US
21SepLS
17 Oct US
17 Oct LS
13 Jun UC
13 Jun LC
31 ulUC
31 Wl LC
21 Sep UC
21 Sep LC
17 Oct UC
17 Oct LC

Canopy
position
(n=12)

o) =i

Rioaresy (Mmol CO, m™ s7)

Rf

0-36***
0-40*
0-29 ns
0-23ns
|').64tts
0-73*
0-9]***
0-9]***
0-92**#
0()] #EF
0.(’)*##
0-92*
0-92%*=*
0-47 ns
0.853##
0-37 ns
0-21 ns
0-23ns
0-77%*
0-67*
0-72*

Partial correlation coefficient

N M

(mmol N m™)

".3()###
—0-19ns
-0-18 ns

0-26 ns
—0-19ns

0-62 ns

(-93***

".860*

(-85*#

0-68*

(0-97*==

".93:#:

".(x]# *%
—0-26 ns

(-85%*

0-48 ns

0-39 ns

0-23ns

0-67*

0-79%*

0-79*

(gm™)

0-46***
".54t *
046#
0-39ns
0-73**=+
0-30 ns

—0-08 ns
—0-57ns
—0-12ns

0-29 ns

—0-63 ns

0-36 ns
0-59ns
0-64%

0-05ns
0-04 ns
0-10 ns
0-27ns
0-50 ns
0-69*

0-70*

R massy (nmol CO, kg™ s™)

Sa‘“
(gm™) R?

0-228%+
“.66#**
“._‘4#:
".34#
“.bﬁstt
0-19 ns
0-54 ns
0-73*
0-32ns
0-43 ns
0-87**

-0-007 ns
—0-07 ns
0-04 ns
—0-27 ns
0-14 ns
0-66*
—0-72%
0-02 ns
0-:23 ns
0-44 ns
0-06 ns
—0-04 ns 0-73*
—0-26 ns 0-21 ns
0-23 0-32 ns
—0-29* 0-35ns
—0-17 ns 0-22 ns
—0-07 ns 0-06 ns
0-20 ns 0-22ns
0-42 ns 0-47 ns
—0-25ns 0-61*
—0-08 ns 0-21 ns

Partial correlation coefficient

Nea

(mmol Ng™)

—0-03 ns
—0-35ns
—0-28 ns
0-10ns
0-26 ns
—0-04 ns
0-25ns
0-49 ns
0-48 ns
0-53ns
0-81**
0-60 ns
0-34 ns
—0-48 ns
0-59 ns
—0-30 ns
—0:03 ns
—0-29 ns
0-44 ns
0-59 ns
0-28 ns

M,
(ggh

0-32**
0-51*
0-39 ns
0-31 ns
0-72%++
0-06 ns
—0-67*
—0-79%*
—0-13 ns
0-20 ns
-0-70%
0-43 ns
0-13ns
0-22 ns
—0-02 ns
0-16 ns
0-02 ns
0-41 ns
0-48 ns
0-67*
0-43 ns

—0-12 ns
—0-56%*
—0-20 ns
—0-36 ns
0-11 ns
0-41 ns
—0-61 ns
0-11 ns
0-15ns
0-39 ns
—0-04 ns
—0-56 ns
—0-12 ns
—0-18 ns
—0-10 ns
—0-44 ns
=0-19 ns
0-29 ns
0-41 ns
-0-38 ns
0-13ns

Ry (mmol CO, g' Ns™)

R2
".42#**
0-48**
0-41%**
0.57:::
0.80#::
0-41 ns
0-41 ns
0-50*
0-12ns
0-13ns
0-56*
0-54 ns
0-47 ns
0-44 ns
0-02 ns
0-13ns
0-33ns
0-17 ns
0-32 ns
0-82%**
0-77%*

Partial correlation coefficient

My
(gg'N)

-61**+*
0-57**
(-57**
0-72%++
().8()::‘
0-30 ns
—0-57 ns
-0-70*
0-05ns
0-04 ns
-0-61*
0-39 ns
0-64*
0-61 ns
—0-04 ns
—0-17 ns
0-49 ns
0-26 ns
0-57 ns
0-90***
0-85%*

—0-04 ns
—0-25 ns
0-04 ns
—0-24 ns
0-11 ns
0-53 ns
—0-63*
0-03 ns
0-30 ns
0-27 ns
0-42 ns
—0-50 ns
—0-31 ns
0-27 ns
—0-12 ns
0-35ns
—0-11 ns
0-37 ns
0-42 ns
—0-08 ns
—0-13ns

Original data were log-transformed. Multiple correlation coefficients ( R®), partial correlation coefficients (r) of each leaf property and statistical significance levels are shown (*, P < 0-05, **, P < 0-01, ***,

P < 0-001).

UU, Upper site, upper canopy: UL, upper site, lower canopy; LU, lower site, upper canopy; LL. lower site, lower canopy: US, upper site; LS, lower site: UC, upper canopy: LC, lower canopy.

Bold type highlights significant R*, which can be attributed to some positive partial correlations, and all significant positive partial correlation coefficients.

Lower Site

All 4

288-301 :
periods

107.6 854

+1.0%
-19.1%

R canopy (MMol CO, m® night )

+21.2%

+17.1%

-64.1%

23.9%

R cangpy (MMl CO, kg™ night ")

+54.6%

+4.0%
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