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Abstract; Ecosystem respiration (RE) , the release of carbon from an ecosystem into the atmosphere, is a key component
of the terrestrial ecosystem carbon budget and plays an important role in the global carbon balance. Analyzing the interaction

between RE components is essential to understand RE and to accurately evaluate the ecosystem carbon budget. There are
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many methods for separating RE into autotrophic respiration (Ra) and heterotrophic respiration (Rh), but each approach
has disadvantages. Large RE data have obtained through long-term eddy covariance measurements, while the interaction
between Ra and Rh is poorly documented, which inhibits the accurate assessment of global carbon budget. In this study, we
used an empirical statistical method to separate RE into its two components and to examine component relationships and
seasonal dynamics at three ChinaFLUX sites: 1) Changbaishan temperate mixed forest (CBS) ; 2) Dinghushan subtropical
evergreen broad-leaf forest ( DHS) ; and 3) Haibei shrub meadow ( HBGC). The applicability and sensitivity of this method
in typical ecosystems of China were also evaluated. The method used in this study was based on the ratio of Ra to RE (Ra/
RE). The range of Ra/RE was obtained by calculating two ratios; the ratio of RE to net ecosystem productivity ( NEP)
(RE/NEP) and that of net primary productivity ( NPP) to gross primary productivity (GPP) (NPP/GPP). Within the
range of Ra/RE, 1000 Ra/REs were randomly selected and the value of Ra/RE used in this study was set as the mean of
the 1000 random Ra/REs. Ra and Rh were then calculated using Ra/RE and RE.

Our study showed that the RE separating method produced consistent results with those obtained through static
chamber/gas chromatographic techniques at the same sites, as well as with biomass surveys and theoretical speculation. The
interaction of RE components was sensitive to the variation of NPP/GPP . a ten-percent increase of NPP/GPP led to a five-
percent decrease of Ra/RE. In all three ecosystems, RE and its components showed similar seasonal dynamics, with a
single-peak pattern achieving its maximum midway through the growing season. The ratio of Rh to RE (Rh/RE) also
showed different seasonal dynamic among the three ecosystems. In CBS, Rh/RE increased during the first half of the year,
reached its peak during the growing season then decreased. However, Rh/RE in HBGC decreased during the first half of the
year and increased again later in growing-season. In DHS, Rh/RE was relatively stable at approximately 0. 5. Seasonal
dynamics of Ra/RE were opposite to those in Rh/RE. The annual total Rh accounted for 60% of the RE in HBGC,
suggesting that a large proportion of emitted carbon was released by Rh in this ecosystem. In CBS and DHS, Rh was only
49% of RE, indicating that the release of carbon through Ra and Rh was nearly the same in these two forest ecosystems.
Results indicate that this statistical method, which requires detailed observations of NPP/GPP, can successfully separate

RE into Rh and Ra and can provide necessary data for the detailed analysis of the ecosystem carbon cycle.

Key Words: terrestrial ecosystem; ecosystem respiration; eddy covariance; carbon fluxes; autotrophic respiration;

heterotrophic respiration
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Table 1 Basic information of the studied sites

i h5 UKL
U s s w FRE AF MR B ?{UEE
Sit Latitud Longitud Elevation/ Mean annual Mean annual Height of
nes ude ngitude evahon/m temperature/ C precipitation/mm observation/m
CBS 42.40°N 128.09°E 738 3.6 695 40
HBGC 37.67°N 101.33°E 3293 -1.7 570 2
DHS 23.17°N 112.53°E 300 21.0 1956 27

CBS: ¥ [ 1L B #4} MIE 3k Changbai Mountains temperate conifer and broadleaf mixed forest; HBGC ; ¥t # M\ # f5] Haibei alpine Shrub; DHS: &
91 L1 P B 4% B K Dinghu Mountains subtropical evergreen broadleaf forest

3 A S R G F) B TR R IR B 6 R 48 (OPEC) 1T AR R R A B /K B RN , R 14 RAEESH R 10 Hz,
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Fig.1 Seasonal dynamics of air temperature and carbon fluxes in typical ecosystems in 2003
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Fig.2 Seasonal dynamics of the ratio of autotrophic respiration and heterotrophic respiration to ecosystem respiration (Ra/RE, Rh/RE) in

typical ecosystems in 2003
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Table 3 Annual total ecosystems respiration and its components in typical ecosystems
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CBS 1098.70(74.24) a 563.26(41.42)a 535.40(35.02)a 0.51(0.01)a 0.49(0.01)b
DHS 859.40(85.80) b 434,54(34.69)b 424.86(52.19)b 0.51(0.01)a 0.49(0.01)b
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Fig.3 The relationship between ecosystem respiration, heterotrophic respiration and soil respiration
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HFARRIBIELE T KB TEBSREIFRA F4 TELBHETOETHL HE
SHMEXRENETHS(E 4),Ra/RE & Rh/RE 1 Table 4 S range under different 0 in different treatments
EWNHESE 2 BEHEESR, UL AR NPP/GPP ZES 6 L B

Treatmen 9Range Range
AR 2%t Ra/RE & Rh/RE (B SE-4AHE — e Plone
[ (-1,-0.8) (0.1,0.126)
. (-0.8,0.43) (0.5(1+8) ,0.63(1+6))

AEBIELHEFTR T, ESREWRAEDMEES [0.43,+c0 ) (0.715,0.9)
REEFERPI S RE—-ERWESI(ES), I (-1,-0.67) (0.1,0.14)
NPP/GPP 47 0.1, Ra/RE 784 0.05, Ra/RE B % (-0.67,1.09) (0.3(1+6),0.43(1+6))

[1.09,+e) (0.627,0.9)

NPP/GPP [ AN AR

#5 AEBELESFRERRGFRASEESRGEFFR AT & LB
Table 5 The ratio of autotrophic respiration and heterotrophic respiration to ecosystem respiration ( Ra/RE, Rh/RE) under different

data treatments

fhm B IR 55 A A RGP HUE Ra/RE IR S5 ESREFR L Rh/RE

Treatment KHI CBS Sl DHS ik HBGC KA1 CBS SL DHS  ¥gdba M HBGC
ZABESY This study 0.51(0.01) 0.51(0.01) 0.40(0.00) 0.49(0.01) 0.49(0.01) 0.60(0.01)
#% [ Treatment | 0.56(0.01) 0.55(0.01) 0.43(0.01) 0.44(0.01) 0.45(0.02) 0.57(0.01)
HEI Treatment II 0.46(0.01) 0.45(0.01) 0.36(0.00) 0.54(0.01) 0.55(0.02) 0.64(0.00)

R PEAR A 2003—2005 4R EME , 355 P BE 0 SIS 18] B4 v 22

HEBRGE, A NPP/GPP K A4 (F 384, HBGC B Ra/RE #/NF CBS 1 DHS, 3 HiZ{HHA /N T
0.5, H i HBGC #14A8 RGP LU BRI RIEE N ¥, BE%E NPP/GPP )35k, CBS 1 DHS #1 Ra/RE #£0.5 | F
3, RAMAESRGET BFRMFIEFRIT & 8 L BIRBUE ML

A] WL, NPP/GPP S2Ni%E RE H5r#vsr, - Y B A IREUAG NPP K 0 AR A5 R Gl BA TR MR HER
H AR
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typical ecosystems in 2003 with different NPP/GPP
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