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Relationships of the understory biomass with stand structure of the Sichuan
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610041, China
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Abstract: The understory biomass (W) and its relationships with stand structure are paramount important for sustainable
management and carbon accounting for forest ecosystem, but until now it remains poorly understood. Therefore we selected
Sichuan cypress ( Cupressus funebris ) plantation forests across Sichuan basin, southwestern China, to explore the
correlations of W, with stand structure and to establish the regional estimation models for W, and its components- Shrub
biomass (W,) and herbaceous biomass (W, ). We tried to answer two questions: which structural parameters would relate
closely to the W, W_and W, and therefore can be integrated into the biomass estimation models, respectively, and whether
the fit estimation models by integrating the overstory parameter could be better to predict W, across the region. We employed
plot methods to survey the stand structure including tree, shrub and herbaceous layers and the W, W, _and W, of below- and
above-ground on fourteen Sichuan cypress forests from 12 counties in Sichuan basin. Pearson correlation analysis was
applied to explore the relationships of the W, W _and W, with all 12 structural parameters and five models were selected to
simulate and screen the fitted biomass estimation equations. Our data displayed that the W, and W_ had significant
correlations with the percentage cover (C,), average height (H_) and the projected volume (V,=C XH_) of shrubs, it was
closer than that with other structural parameters including stand density (D, ). Among all fitting equations, the power
equation was the best one to estimate the shrub biomass: W_=0.0005 V:’O“l ( Rf =0.762, P<0.001, n=40), and the
multiple linear regression model to the understory biomass: InW, =0.0158H +0.0111C_-0.5358 (R?=0.695, P<0.001,
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n=40). We did not find suitable fitting model to estimate the herbaceous biomass across the Sichuan cypress plantation due

to the adjusted coefficient no more than 0.410 (R>< 0.410, P<0.01, n=40). An important finding was that integrating D,

into the multiple linear regression model could improve the estimation accuracy for W, across the region (InW, =a+bD +
cH +dC_, R?=0.721, P<0.001, n=40). We concluded that W, is important and can be better predicted by C_, H_or V,

with D for the Sichuan cypress plantation forests across Sichuan basin, providing new insight to develop the understory

biomass estimation models for the regional forest carbon accounting system.

Key Words: understory; biomass; regression model; forest structure; Cupressus funebris
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Table 1 Stand situation for the Cupressus funebris plantation forests from Sichuan

I N T 2 N T I
Site Latitude Longitude Altitude Aspect Slope Slope position Stand area Corerage (B/hm?)
Pl 105°17.69"  31°22.16’ 525 ES10° 27 th 1000 0.6 3470
P2 105°25.21"  31°13.48' 540 NW20° 29 th 1000 0.7 4430
P3 105°10.10"  31°04.85' 436 ES40° 29 th 1000 0.6 3110
P4 105°22.57"  30°47.51' 396 SW20° 38 I 1000 0.6 2530
Ps 105°37.64"  30°48.45’ 345 NE15° 41 T 1000 0.7 990
P6 105°22.64"  30°38.89’ 359 NW5° 52 h 1000 0.65 1370
P7 105°40.43"  31°30.74’ 600 SW29° 44 h 1000 0.6 1770
P8 107°40.16"  32°03.76’ 790 SE20° 40 T 1000 0.4 960
P9 107°04.37"  31°55.76’ 660 SW9° 39 h 800 0.9 3050
P10 105°40.49"  31°35.05' 440 NW39° 31 T 1000 0.85 2460
P11 106°46.05"  31°30.08’ 595 S 49 i 1000 0.7 1860
P12 106°03.21"  31°34.90' 488 NW70° 54 T 1000 0.65 3490
P13 107°01.20"  31°25.57' 500 SW33° 43 i 1000 0.5 1650
P14 106°53.87"  31°38.63’ 540 SE47° 51 i 1000 0.78 690

2.2 B S g T
FRYEEF AN ARAF A FE T AR R HER BLZEE C,

(%) CEHEE H (em) IR EARTHEFEREAR D,
(em) SAKFR V (V.= C xH )" s iR B AT 1 35
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Table 2

from Sichuan

Descriptive statistics on some structural parameters of understory and overstory for the Cupressus funebris plantation forests

H/ D/ c/ H/ ¢/ c/ c, D/ B/ D/ H/

cm cm % cm % %o (#/hm?) m? cm m
FEJTHUN 40 40 40 40 40 40 40 40 40 40 40
HI{E Mean 82 0.91 29.4 20.8 5 84.6 0.6 1995.0 0.136 9.1 8
FRifER SE 5.7 0.14 35 1 4.4 1.9 0 208.3 0.018 0.6 0.4
/M Minimum 31.8 0.14 0.3 8 9 57 0.2 300.0 0.003 3.2 3.7
B Maximum 176 4.97 83 34 100 99 0.9 5400.0 0.677 21.4 14.7

H,: HEARIE average shrub height; D, ; HEART-IHAR average diameter for shrub; C,; JEAR T shrub cover; H, . HAIH average herbaceous height;C, . WA
herbaceous cover;C,,: M FHE#E T understory cover; C,: BRI canopy; D, : MATE stand density; B, ; S5 WTIE AR total basal area; D, ; Mt average diameter

at basal height; H,: ¥ KI5 average height for overstory
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W =aX’ (5)
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Fig.1 Pearson’s correlations between biomass with structural parameters of overstory and understory in the Cupressus funebris plantation

forests from Sichuan Basin

H, AR average shrub height; D, RT3 3A4% average diameter for shrub; C_, #EAR 35 5 shrub cover; V, , MEARIEF (V, = H xC,) shrub
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Fig.2 Correlations between the shrub biomass and structural parameters of overstory and understory by Pearson’s correlation under the

Cupressus funebris plantation forests in Sichuan Basin
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Fig.3 Correlations between the herbaceous biomass and structural parameters of overstory and understory by Pearson’s correlation under

the Cupressus funebris plantation forests in Sichuan Basin
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Table 3  The optimal mixed- models to estimate the understory biomass and its components under the Cupressus funebris plantation

from Sichuan

= Y Sagiv k5 1) FKU Coefficients

L)::)(ﬁr Corjfjfents /l’;;/iﬁ:e] a e b ¢ R SEE d

#EA Shrub - W, =axV 0.0001 1.0268 0.760 0.886 124.19***
e W, =axV? 0.0001 1.1593 0.754 1.016 120.60 ***
1 W, =axV 0.0001 1.1171 0.784 0.900 142.59 ***
W W, =axVy s 0.0003 0.9578 0.651 1.072 73.87%**
ERAN W, =axV 0.0005 1.0411 0.762 0.892 125.96***

HA Herb Hh - InW,, =a+bH, +cC, -1.9656 0.0337 0.0149 0.410 0.534 14.55 ***
XL InW, =a+bH, +cC, -0.8429 0.0322 0.0094 0.201 0.599 5.90**

MR AR Hb I InW,, =a+bH_+cC, -1.2839 0.0151 0.0151 0.700 0.484 46.52 ***

Understory R InW,, =a+bH_+cC, -1.2714 0.0166 0.0069 0.538 0.614 23.70***
Rk InW, =a+bH_+cC, -0.5358 0.0158 0.0111 0.695 0.463 45.51 ***

R? VA B AL adjusted R-square; W,y , #EA 2414 leaf biomass for shrubs; W, , HEAK: 284 74 stem and branch biomass for shrubs; W, ,
TEAHL /4548 aboveground biomass for shrubs; W, , #EAH T 42 ¥4 belowground biomass for shrubs; W, , # Ak E Y total shrubs biomass; H, ,
AREJH average shrub height; C, , AT shrub cover; V, , EARIKBI(V, =H,xC,) shrub volume (V,=HXC,) ; W, , Bk F &AM A= aboveground
biomass for herbs ; W, , 3k F A B A M) total herbs biomass ; H, , FEAIE average herb height; C, , AR E herb cover; W, , M FAE BB [ H
aboveground biomass for understoy ; W, , #& T H 8 #1 F 22 #) it belowground biomass for understory; W, , %k Hi 8% 5 2L #) Ht total understory biomass;
SEE : #E A (1) fli 1112 2 standard error of the estimate; * * ,P<0.01; # * % ,P<0.001

PR A Y B W AULA R B, B AR 1Y 4
(H,) #BE(C,) FUARTL(v,) 78l E, Bk T
PR I, (HBERDRS B # AL (R2 < 0.410, P<
0.01,% 3) . MR FA LGAE Y a0 i A A AR ALY
LI TR InW, = a+bH, +cC, , Ak BRS B A AIK
(R2=0.201,P=0.006) ; ScfEMG BT BAH FAEY)
AL Z 0L M R InW,, = a+bH, +cC, , B
AR BN (R2=0.410,P<0.001) , H535045
e TEANEEAR T BAR M A A SRR o A B
AR E (H,) 325 (C) FUREL(V,) I8 hRrE 5 Ff
AFRL R A b, Yok fEE o B EHRR (P >
0.05) .

UE— 5 AR P KT R A B e A AR Y
ORI FHHEAR H  C_ M VA58 W34S T 8

PRGNS B (R 3), MAEM T (R =
0.700,P<0.001) i~ (R>=0.538,P<0.001) Fl L1 {4
AW (R =0.695,P<0.001) [ fie FEAR BRI 2045
ZICEMTTFE InW =a+bH_ +cC_, MM T HEAKF
V, BRI TR TR /N (R2 = 0.088,P=0.04) , HE
A H N C ERI A ok B R (P >
0.05)

B BIASHT R, RIS 3 BE (D) JEARYY
R (H,) FREAR SR BE (C,) T AR T A 1% A ) 1 4R 45
TREMMGEAEE (R 4), SHEZ UL,
MRATEEE D I AR5 AR S A Bk (R =0.732,
P<0.001) M1 F (R>=0.558,P<0.001) K Bk
(R2=0.721,P<0.001 ) i FEAS 7Y [R5 B A5 24 24
(R K)o

F4 MIMEARTEEEYMER S EFEE

Table 4 Stepwise regression model of understory biomass under Cupressus funebris plantation in Sichuan basin

= 0iva 2 7 F B Coefficients

MW, InW,, =a+bD, +cH +dC, -0.9894  -0.0001  0.0155 0.0131 0.732 0.457  36.59*** 60.85
R W, InW,, =a+bD, +cH, -0.9153  -0.0001  0.0182 0.558 0.601  25.57*** 84.13
Kk w, InW, =a+bD, +cH_+dC, -0.2813  -0.0001  0.0161 0.0094 0.721 0.443  34.53*** 59.22

RY: VIBEMIUE REG W, MR RS AR W, . TR T AR e W, . TR S A o, AR D, . RO B,

A6 B SEE A YA TR 22 ; AIC . RIS B VE] ; = = = P<0.001
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4.1 DUIZREBFAAMAR T A=Y S 4R R 5 &

MO e B S SRS AT A
WA DE G R G | DRI A Sk bR T A A= 0
ASTHL A S () AR T AR T BTSSR R
AL AR LB A 1 i B 2 5 2 R G T )
RO BEREARZ R EMSEOF AR, E—
A B, AR AR B A R AR T R R R R O AR
B AR AR 5 S, X R A AR AR
AT 2 78 B2 b AR BE 5 S 4 B AR R R
XA S S U B 5 4 ] A AR 2R IE W RE T, TR
TEMR T B g AR AC A A R T B A 235 4 3R R A
MECBEUR (LR MR WA Wi 5 A5 M S8
(1 IR AR FE 5 SR (1) VAR W] AR ] 102 3
JSEAZYA PR P 2 B 05 o BIR A B DR S TR R B L R
TEAN RGP AR S T HEATE 2SR A ALy 5 2 T
FAVER A 22 5 — MLk = ZRMOMCRL I 8V T 119
TEARA R 38 e A R B [ 7125 ] 0 J 2 B
18, D]k HG e R 80 A B 0 R AT B i 7 e
TEAIRE ) 5 A i RARO 2)

MR AR AR i S bR O RIS AT B % R e T
RESHOCRE®, WIS RS B o
PUBFRESE 42 35 AR L BT URAR Jm) , 30 AR AR 1Y
GERNEELY/ e e S Ak 3L R (E P
e 1125 PR R AT AR DG 43 A 6, A RIS B & BRLAFAE
WA AR G OC 2R, 3K ] RE A2 B AR 0 4F 1 B 7™ T 52
W02 DR SR bRRS BN AR AROR R S B AR
TEVE, BEME—E R LR /R MR R, Ab T AT
AT [ B AR A RS o ZEL e 7Y 26 TS 2 AR AT 1Y
JEERBE, M 5 0 AR R A 19 55 0 S AR T
TR R L2 A BEHEBR A, AR RO T 0 A 3
Wi e R REURR ) BIF Y XN BT R AROR 2 02 57 LD 3
WS ML LAY, 7 T4 J B, g AL, 2 A
AR ALK, TR A2 MK TCH E F ORI ARE | B g
£ BRI 255 Bl U0, B AR ) A i R HERR X Rl A
A R R JRE3E BA) PR 2, (ELISC Aol = 0 X AR AL A=
WA AR B, Ares 5 BT EE &R I, B Ak
CIRTE i N ol sl e LR I N N
MAEF=RE S . P, TR 7 MR 0 5 4 T B S KT
RLHE BEX AR T A o 5 AR S5 Rk [R5 &R 1Y

SN A T HE— 2D AAR
4.2 FURKKT Mo A A 7Y

AR I, FIAR N T FEARBE AR A )
PALIR AR LUARFR Vo A B i T ek BT FE W =
ax V!, B — R F V- #4848 s RS T
FEWFERC A 3K 35 8 (30 B 00 S5 ol 20 18 0 bR 4 B 3458
h WEARTE R OC R A % MEAR AU ¢ RAFAE 3K
KATIRYE R FH 256 T8 b fig S il L% 5 R HH AR 28407
A PRIR R AT AR A5 B A A 5 R AR SC i ot
FELE I G BRI B S B R RAAR N TARAR T 4 34
AR B ST ) AR AR AR AN [R] Y, R N TR
DS A IR () e AR PR AL Ry DL AR S S 400 T
R R = R il 2 T R, EG B RR R Y A Ak K B
(R°=0.906) fi @ FAM RIS HR (R =
0.762) , AR 55T 1 K DX 3 Ay 25 (1) S ot P JBOA:
FHOC, PR AR ) PR IR AR AE O 3 TR 32 DR AL 25 7 3 52
M), T 2R3 6 BRI R A T S M 25 5 IR A AR
RUF v TR (AR L A2 (SO X T A 2 i A B R 45
U AR, Y B SR AT R A AR A b AR
157 B R BRI AL FRCR T X E TR A
2oy BB &, B 3 AR O R 7S 4 4 o E K B
AU Sah LR X T 2 A B,
B RO E— AR RE, RRASHE S AR RS

TERIARN TS REAJZ IR G AR v fif
R 55 B IRFRAE R SO 2 A e ST A A R
FBAREARAR AT AL SEHE B (R < 0.410,P<0.01) ,
JE IR R T AR A B AR R e 1ot i 2 M A
(P> 0.05), 3% W] 2 BRAT R B9 AR T HEARR TR, X
e SR T AT BRI E 840 7 R % A
K, R EAR 25 EL R W 2 AR 55 5 =
PRFHEE TR R AR S, X B AR )23 45 PR = 118 3000 B35 e AN
FEPEDS® ) MacDonald 26 78 43 2% & R A 4 B
A JERAKE Y ANy Ry s e R R R AR R B L
ANIIREREAL, 43 B T FEAKE YA W] D RE R A= 4
IR A A B AR AT TR Al B E (R >
0.81) , MHEMIARAL TAEUE, J3 40, T R KL
A 2 B A K RS R T, N [ AR
KRR Ay 22 ) AR SRS AL AS [ 3ol 7
ASAE ) A A AR A A R IR

B X PR R A A i ) AR A A TSR Ol 20T
LMAER InW, =a+bH_+cC (5 3) , MAEZ A [l
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TSRS 26 B8 J& , R A 25 38 4 AR i (b b
TERST) BIRIRUR A T i (K 5) , R R 4
T S 2 Ao A A AR PR W R S S Bk 2 AR
AR R, AR 2 T2
A LA TR I SRR T4 A A 52
SR8 A00 AR A B MR A3 AR A EE
T T T A ff%ﬁil{ﬁ%ﬁ.?ﬂ: AR AU G I AR
RUK AR 0 PR ER (P > 0.05; 181 1—[& 3) . X
VLR TEAR T AP 2R W A B v BT AL B B B
SR ZAL ORI RRAE R S 3 A Y A A
AR R 2 3 ) 20 A BT B IR A BT R 29 AK T
FE A A AR T ] 422 252 AR S R R & 5 AP &=

R,

AR R 2 ] G 3E IS B A 6], A B
R, R L TR A R R T Y A
DA BRI G R AE Y AR LT b XN E TR
(1P 4y b A4 49y 2k 1 BB ASE R R 5 B R, A2 B
¥ ( Rhododendron simsii ) | 111%§ ( Rubus corchorifolius )
R ( Vaccinium bracteatum ) 5554 7 1) YR A A 7l
TR AL, AE X SR Y A TR X g —
Yy AT SR AR SR A ol TR 5 B L B Ao A5 Y
T 0 TR TEAE BE ARV B 0 R RTAE Ry XS
TR A Wy R A SR 1 DT v

BARSKE AT 1 AR N AR
YR SRR, KR T AR T
PR A Wy 55 0 R A ) A SO RS S I 1A
ARARART Y EAGE S0k AR R4t TR, H
WA VR A AR 1 40 ASFRT AF B A= ) B0 e ST Ak
DA e dhe O 2L , 480 B 2 A9 04k R AT B 4 T ) X
PG R, b, B T AR A A ) 1 52 5
ZFP R R TR A MR A AT, 3 — 2D JT e
BRI B

gt SN AME AT 08 A AR Ty SR X #E LT
mE R VD AR LA B DU ] ARk oK 2 0 S ) 2
A A I AR R 52 0 )1 A8 MR B 5K ST | 5k
R R M FFE )T O A BHAE AR DG Bl R
B S R AN B, R B
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B EEE I L3

RER, GRA ATHE"

(RIS, BB 517 0 S0 s, S R ORI LS SR %, JR 401331)

BE DISVTRECES R R B0 AE LTSRS O (Opsariichthys bidens) FIEEEHH ( Zacco platypus) VENLIGXT4
G305 33K T o S 50 s RIS 32 Bl vkaZ sife 1) o R AR SR Il A SR 00 0 B T (25+1) CAE T, 43 000 e W 0 149 1l 5 4 4
JE (P) JKIEMF (ASR) KK TPA s (LOE) DL RAEARFRE/KTE (8.0.4.0 F12.0 mg/L) T RIGFWEKEE (U,,) FUGER
FERR (MO,,.) » IR, A P, (2.4420.20) mg/L B3 & T RREEM (1.86=0.10) mg/L(P=0.031), {HIh 14y
50% ASR (1.2320.16) mg/L BEME T 5B (1.9720.11) mg/L(P=0.023) ; &1k 50% LOE (0.84x0.01) mg/L [RIFE G2
LT FEtERE (0.97£0.02) mg/L(P=0.004), FEHEMETE 8.0 1 4.0 mg/L T BYIWEIKAE J7 .35 0 T 25 10 £, SR 17 5 11 4 7 52 466 6L 1Y
U, 0 52 V5 S /KT 9 R T 35 A (P < 0.01) 5 S B ARAN T 11 £ ()32 26 4 3R 3540 b /K 300 38 5 1940 184 2 B0 50348 i, 1HL
WEIN 2 V5 UK T B R AR B A th S AR5 AR X T 22 U IR ALV 40N 4.0 mg/L B 55 1 £ (9328 Zh AR Ut 4k 5 98 B8 UM LUk & T
G2 IR0 MO, BE K T AL G5 U, AL P<0.001) o Z5 3R] . BRI 1A A7 0% 5200 0 A 7 I A2
ZRe I EAEAE R 25 5 W LW WK E B Re WA R R SR AR A g R A RRAE AR AR R AR S I A G
KEBIA  BEEEAR; O A0 KTEPFI; IR ;RIS AT 5 I LI G

Comparison of hypoxia tolerance and locomotor performance in two cyprinids

with incompletely overlapped habitat

ZHANG Anjie, CAO Zhendong, FU Shijian”
Laboratory of Evolutionary Physiology and Behaviour, Chongqing Key Laboratory of Animal Biology, Chongqing Normal University, Chongqing
401331, China

Abstract; Two genetic closely related cyprinids-hook snout carp ( Opsariichthys bidens) and pale chub ( Zacco platypus)
with incompletely overlapped habitats in Wu River-were selected as experimental models to investigated the difference of
hypoxia tolerance and locomotor performance between two fish species and whether the possible exist difference be related
with the distributed habitats. We first measured the critical oxygen tension (P ), aquatic surface respiration (ASR) and

loss of equilibrium (LOE) as the hypoxia indicators. Then we measured the critical swimming speed (U_ ) and active

crit

oxygen consumption rate (MO, . ) at different dissolved oxygen level (8.0, 4.0 and 2.0 mg/L, respectively) at (25.0+

2active

1.0) °C. The P_, of hook snout carp (2.44+0.20) mg/L were significantly higher than that of pale chub (1.86+0.10) mg/
L. (P=0.031). However, the dissolved oxygen level at which 50% fish performing ASR (P=0.023) and LOE (P=0.004)
in hook snout carp (ASR: (1.23+0.16) mg/L; LOE. (0.84+0.01) mg/L) were significantly lower than those in pale
chub (ASR. (1.97+0.11) mg/L; LOE. (0.97+0.02) mg/L). Both the U, and MO

il sueiive Of h0Ok snout carp and pale chub
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