ISSN 1000-0933
CN 11-2031/Q

1C

Acta Ecolog



L J: 4 A %R

«®'B
" (SHENGTAI XUEBAO)
PR F3RHEIHP  2012F2A4 (FATF)
E R

BT T 0 B HUR AT B R BB BB A eovereeeees EHON, Fwrbe, JIE L, (663)
BT EFE IR BB TSR E BB KR e MEL, K &, K % (671)
SR KARGE B AR AE R I 3T A B AW L ceeeereerreeii ﬁ%?ﬁi,fﬁ?ﬂ] , H /N i ’/%':C (680)
I TG 5 v AP LT AL K R AR BE A B A e e eeeeeennennnnnnnnnnnn 3 &L EAUE.EAT (690)
=R JE CO, 51 A28 i K BRACSKT /) I 391 B 064 A A 45 ACAR A 9 vy oo BE) FEE EEAK,E (699)
FJES BRI T ARAL ) K G FHAEF LA o woovvreeernreeeeens AU, R Ak, KA, F (706)
AT C-Plan LR34 A4 §AEBEIAR I S E RAR] —— AP B R IBILRE A H] cooerermer

.......................................................................................... ;ﬁ'{ﬂ%ﬂé,%ﬁiﬁ,[ﬁ] %,% (715)
WATAIT A L AL S HE VM B ——— VA BRI T ] eeeeeee ¥ W, 0 FE ELTT, % (723)
IR 4 s AR AL B AL AL B R A RS R AT AR oo x| ¥, EuwiE, RiEH (730)
TR ARATE SR BAI LG R A FEEA e FiE TAHE (740)
F B A SAFBER A IR AL AL EARI K R oo X E smBH,K M8, (758)
EAE T N b SR ST ) M AE B FHE wevvveeeeeemnnnneees et T TR B A G A (767)
PEGLEAKNRE KA REAETHEE VAR B8 KRR T ok N A oeeeeeerenenniin,

.......................................................................................... E%—SZ’E,%%%,E%%,% (777)
Hk KA AT 2 B R T S A I R B M T AR BEG h ceeeeeeeeeeeee FE£% (786)
R R b S E S oy Y R 2 1 S E I M A XS, TR, % (796)
=l P A H AR I A S R HT AR oo A e KEH, % (805)
AMY BT B RIBIAL TR BEE AR BRI AL eveeeeeereenees ek, L E RL,% (815)
ZEER L EAAE R A BUGE AT ceeeeerrreri M, T3, Y XL ,% (823)
SR IR ) B AR E Y TR LA ABAE TR AR TAHCE F oo

.......................................................................................... EJ#%,EXZ’?,EB Ilré,\,%: (833)
B2 B A M LM Bl R A A eeeereeerneee e et (AN BXE TH#% (844)
LR Y E LR TR Y SR E R CE PP Bl ¥ XK, ¥k, % (852)
R A AR AL EIE LM o, YEF W kFEE £ (863)
PR T Sy D L - T X EL.E #.F O (871)
R BV B R A6 09 18 F SUARHEA B AR ARV B 7] coeeeeeeeesineneenn HiEE, ¥R RRS, % (879)
ShIRAS AR A AT R F AR B LS 40 W A TR A S R e H AL, KN, K E 50, % (889)
55&%,,%&;%—:5%& ZRT FAESB 4 B8 Na'-K -ATPase 7& F OGIEAFL T +ovverrvrerenrerennenentinineiieenenen.

.......................................................................................... E/@,ﬁ’i ﬁg,gi Tﬁbi,éﬁf (898)
JLT U B B E A B A By BRI G - vee e TR, FHRE,XFH T (907)
3D 2 20 WA IR FAR R 48 0 B 4 RS Ao AT IR LR S ARy e BWH T 7, ELH,% (915)
NP fe B R A AT 32 R B AR 2 M R SLRE woveereeeenneesesnnnens ZEZ B, AEF,F (923)
A& T AHP 5 Rough Set #9 Ak 7 ARKILARLEBTRM coveerremmmreerernneennennn B, 23 IME £ (931)
JA T DMSP/OLS #4509 3% B £ B3 7 BF & 8] 7 ARAFAE AT woeemveeereeeenes TEFIEF,FEN,F (942)
He AR R AR RIS —— VAR AR B ARARAP R A oveeeeeeensisineeis EH#, T HEH (955)
55t
ATHETHRORMES RGBT IEAFAR RO e ®OFEVKEME R F (964)
/gixd_*ﬁf];f}fbi']‘ifl(]%ﬁu@&j\‘_;}%%]] ......................................................... B AL, AR (974)
R ER
HBEA HREEENFRE AL R VAAREAR IR AG AP ] ooeeeeeeemmnmnnnneeeens b A (984)
Bt 2XAREAFEET D EDGAERKE BT oo MRANC, A8 &, T, % (993)
BN K3 KRG T BB AR EAR AR A 2RSS A M BORAC S W A b oo B, FEEE MM W% (999)

HFIEARSECN 11-2031/Q # 1981 # m * 16 # 344 # zh * P+ ¥70. 00 * 1510 * 37 * 2012-02

ECEEEECEEEEEEEEEE

HE B MBI —I 2 AR TR mE 25 oK, BT, WEARIE . BT ESERIE K, WA e R AR | itk
AZ R AR s PR T FE 0, 152, AR KV, 2248 T 090 JR L BT R R, 2 e e /K B A K Al A B R
TARZ— BB TEARZ R, WAZJE =22 H b 5 JE IR, o [ AR 245 MBIV A S, 2 5 RE5 AR
T, UHIEA VLGl 7K I 1l XA Ay B 2838 AR AR el MO ol i R AR

HEEME. FEEHE EFMW)E  E-mail. cites. chenjw@ 163. com



532 B4 3 7+ = £ i Vol.32,No. 3
2012 4E2 A ACTA ECOLOGICA SINICA Feb. ,2012

DOLI: 10. 5846/stxb201107051002
ARLEGIS , R B, SRAFIAL, BRITIR. 558 -5 552 KRR K A 4 7K 6 OGS R B s . AR 25254 ,2012,32(3) :706-714.

Zou W N, Yuan L, Zhang L. Q, Chen W Y. Impacts of coverage and canopy water depth on the spectral characteristics for a submerged plant Cabomba
caroliniana. Acta Ecologica Sinica,2012,32(3) :706-714.

EEE5EEKRIMITT/KEDKEENIEFF MR

SRefAm? oAkl RAIRD T HRr g
(1. AERIBFEL R0 iR E R EALEE, [ 200067; 2. LGN HEARERE, [ 201418)

FEE L3 SR AR T B R S e W LK R0 1) 43 A 55 A AR SR /K R ) 1) i R AT 32 L5 SR R /KR TR B R 5
NI 5 10 390 RRT 8 DK R 1) e SR A A 18 5 1 S B, g P At A9 A8 30 s B A D67 0 s A 2 M i, Sl 1 90
TKAEW 7K JE B ( Cabomba caroliniana ) FEVE T ZAE K N AN IR EE (19 RS 63 , 4307 T 7 /2 AK ER R /K & B B B 33 9 52 i, - 2
TR T OCTE SR AN R K R 1A KO PR i B SRR AT AE SRR (1) ASIR] 5 BE 1 K S R I OIS SR AR (4 AR
FEARIAELOCRIT LM B 5 (2) 7K & RERE 19615 SR 25 568 R K R B AR S (R DG R T 5 B2 7K S BB 14 63 S 5 % B
SEE 2K R 1 T U8/, AE I 2T AN B FE W B85 (3) K B8 el )2 /K TR/ 036 2 55 0% SR 38 9 A DG M il | FL /K
TV o BB, HOG i S 5 238 5 T J2 K R A AH DG B 3 5 (4) 7K B BOGIE RO 385 o6 B AR G AY B e BE7E 692—898 nm , 576
JZ K EAR AL A BEAE 710 nm F1 806 nm FHIT 5 (5) 7 710 nm 1 806 nm AbEE 37 (45 A 56 )2 /K IR 6 IEATAL, J6iE 2 [l
FRUCE REL(R? ) I 7K G REREE S 1 SO B AR ] Sk e 1 AP D% Sz S 23 S5 i FE f1 i BPLASE 78 | R b ] A 2850 5 e 2 7K
TRXT SRORS BE (520 ASAIF S 1) 285 58RI Sy 3 Jg W Y0039 /K A 00 1) 4 A AN 8l 2 284k, DA T /K A ) 24 ) ) B8 2 kB T i LRl 2
WA

KRR DUKAEYY ; KGR ISR B KR AL s s

Impacts of coverage and canopy water depth on the spectral characteristics for a

submerged plant Cabomba caroliniana

ZOU Weina'*, YUAN Lin', ZHANG Liquan" ", CHEN Wanyi'
1 State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200067, China
2 Shanghai Institute of Technology, Shanghai 201418, China

Abstract: Remote sensing technology can be used to timely monitor the distribution and growth status of submerged aquatic
vegetation (SAV) on a large scale. However, the water depth from water surface to plant canopy may affect the spectral
characteristics of submersed plants, resulting in an inaccuracy to interpret the related remote sensing images. In this study,
the spectral characteristics of a submerged plant Cabomba caroliniana with varying coverage and canopy water depth were
measured using a FieldSpec™ Pro JR Spectroradiometer in the field and a control experiment. The influence of canopy water
depth on the spectral reflectance of Cabomba caroliniana was analyzed and a model was established to deduce the coverage
of Cabomba caroliniana community based on the spectral reflectance and the canopy water depth. The results showed that
(1) the basic characteristics of spectral reflectance for varying coverage of Cabomba caroliniana appeared mainly at the
bands of green and NIR; (2)the spectral reflectance of Cabomba caroliniana community showed a negative correlation with

the canopy water depth, and the spectral reflectance of Cabomba caroliniana community with same coverage decreased with
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increasing canopy water depth, especially at the band of NIR; (3) the shallower the canopy water depth, the more
significant the correlation between the coverage and the spectral reflectance of Cabomba caroliniana community, which
enhanced with the increasing coverage of Cabomba caroliniana; (4) the most significant correlations between the coverage
and the spectral reflectance of Cabomba caroliniana community were observed at the band of 692—898 nm, while the most
significant correlations between the canopy water depth and the spectral reflectance of Cabomba caroliniana community were
near the bands of 710 nm and 806 nm; (5) a revised model established at the bands of 710 nm and 806 nm and adopted
both the parameters of canopy water depth and spectral reflectance was much better than a simple model established at the
bands of 710 nm and 806 nm and adopted only the parameter of spectral reflectance to deduce the coverage of Cabomba
caroliniana community. The determination coefficients ( R*) between the predicted and measured coverage of Cabomba
caroliniana community were 0.742 and 0. 777 for the simple model at the band of 710 nm and 806 nm, while were 0. 852
and 0.935 for the revised model at the band of 710 nm and 806 nm. The revised model adopted both the parameters of
canopy water depth and spectral reflectance could effectively reduce the influence of canopy water depth on the deductive
accuracy for the coverage of submerge vegetation. The results from this study could be helpful to timely and accurately

monitor the distribution and dynamics of submerged vegetation on a large scale using remote sensing technology.

Key Words:; submerged plant; Cabomba caroliniana ; reflectance; coverage; water depth; hyperspectral remote sensing
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TG B AR AEE R IKE HRE( Cabombaceae) 7K & HJ& ( Cabomba Aublet. ) Z24F-H: K A= REAAE ) |
HZERI A ZERKATIK 1.5 m, 2080, AR AR 1—3 em, K 2.5—3. 8 om, FARAPZL I K /0%,
TEAERG IO B AR | i IR A, B K 1—1.6 em, 58 1.5—2.5 mm, IS aldEi R K 1—
2.5 em; AERUE B AR O AERIE T K, B4R 6—15 mm, £ 6—12 mm, FLEA {6 Rk (ool w28 a0

KOG B 56 E A PG A il TR S S DK AR K IR A B R B gk H
A SRR AT g A5, I B AR H A AR KR BA E AR AR e T i 55 [ Bk T 9 2 LA M 45
JUAZR TR A E AR 25 R A0 , A a8 AR R A MERVE R A SR AR BT BT iR . /K& R C S 805
2240 DX A AL RIS IR SR TR A 2, I RK PR B SR O A2 IR, DA BOKAR RIS g R, K
EAEOE D R AR, RSB KB CA ok A a3, I B sZE AR L1
FMICHHES YRR ARG FT 1993 AE7E TR H H &I, 5 3 BT T 90 & B =K R A 58
&, HEOKGFEEEHL I8 m M LR s o 3, A P s> fERE K EE
BB AR RN Z — 00 AR A [ 5, Rl T B K A A 25 R G AR ) 2 BEME L Rt 25 2 TR OB IR 1 S K
LT
1.2 WpAME A S

TUKAE K I B 95 DG %) B A1 S0 b o Sy I 96 48 2 U 310 A 2 A el PR A T 29T, o e 9 7K 3 v R 24
23533 m® , FI T8 34 m, FIIKIE RN 1.70 m, 2004 4S5 N k] A 2546 2 F i i, A T AR T K S B
TSR Z R TKAR Y . W I R], KO B A R O R A, RV R 2 AE K T IR IE G2 KR 7 5—50em
ZIh],

2010 47 H 22 H 18NN EER N3 B 0 AR TR 35 BE (0—100% ) LA R AN ] J2 7K I (0—50 em) () SR 7K
FRRERE 3L 45 (R 1) . BARIBET K/ANERR A 44.3 cm, 43 HII0 2 AR 5 HroK S BREIE ) 55 8 b2 K
TR OGS RS RAUK RS W B | [RIEHI A 3 AR AR RATATOUAKAE ) 7K AR RE 7 (35 0% ) , BEAFE 7 AE 10
P CTER AT M R, SR AR /KBRS [l 5206 3 I AR S MR TRV B, L oK S B v o
KN 26 FERE I R | R4 R 4 4 5 AR 10% (5880, 6 RS ke Oy ok & B RV Tt 12 7K
TR KA BF B FH 2 QB0 it | S AN A S (8], T Bl K A5 B EE R (90 £5) em, S SC I = I3, KA v
MR ZE W T N (15.340.4) mg/m’ , BIFYIHE ] (6.7+0.3) mg/L,

R1 A5 DEF(C,—Cy) PRKBERFEZESBREKR

Table 1 The coverage and canopy water depths of Cabomba caroliniana in 45 plots

Wi/ % FEEZ /KT Canopy water depth/cm

Coverage 0—10 11—20 21—30 31—40 41—50
100 Ca Cyp Cg Cog Ca
90 Cs Cy Gy
30 Cyo CioCy3 Cas Gy
70 C3C30Cyy
60 C1Cy Cy3
50 Css CyCioCsq Cyg
40 Cas C, Gy Cs Cyy C Cy
30 G Cs Ci3 Cy Cas
20 Cys Gy Gy Cs Ci5 Cig
10 Cy Cis Cyy

1.3 EHMEHAL:
TS AN TR AE AR I 9 K 2 A% Bl PN T Sl s 2 W s b A7, 2010 457 H 15 H 250K 35 S 100%
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80% 60% 40% 20% HJ7K & B RS Ak 215 0 i LE T PR 1Y) 5 AN RAE 468 (¢ =60 cm,h=10 cm) 1, &4
FEA K IG FRFIE Y R BN (40+4) em, KRS ARTE AN IR 26 FE /K G FE 08 FC A0 A T 6 T Gk ) 7K (IS 3R R
H(15.540.3) mg/m’ , BIFYIHRIE N (6.3£0.3) mg/L) BRI K (djey =123 em,d |4 =138 cm,h=95 cm,
V=1200 L) v, 38348 %R [ @ FER IR KG SR e 2K 431 0.10,20 .30 .40, 50em, M%E 5 4~
B (100% 80% 60% 40% 20% ) N 6 PEJEKIE (0,10 .20 30 .40 .50 em) , 3k 30 /K5 B EEE AL T 1Y GIE
FHE AR INE 10 46 BARE -,

1.4 D&

fiiFH ASD A FIAE 711 FieldSpec™ Pro JR fH#5 A HEAGIEAN , W 5 AN [R] 7K & FOREV 26 B e 2 /K TR
TR, I B I BB T 350—2500 nm , HOGIE 43 HEERTE 700 nm 4 3 nm, RAFEH A TE 350—1000 nm N
1.4 nm  fBEEHESL &M (FOV) Sy 25°

B AN JE A0 SN 7K R PR TG B 5 RN, DA 10:30—2:30 , 76 B LT 1 569 (4 IF BE N #4700 5 05 1
PRI F , FEK A B 1 m, SEPRGHER AT RN EAR R 44,3 em WBRDE X3k, RRR AT GG
DU T, A8 RS S5 M (U5 98% ) HEATAER Mk, , IR et At % Ak R i 99 %

2 AR I R K R T O ST AT, FH R R A I A 3 06 A it 1 S R BE | A B i g 7K it
UG0S R B 6T S ) s SR R, BR R HEA TG 2 11T, [IRE R S8 ARt A T O B i B i A o B
1.5 Hdaodr

B TTER /N T 400 nm FIK T 900 nm B UK AR Y) SOOI A 32 TR 80K, B AS 52 16 £ 400—900
nm P BEE B G EE AT 0. N ASD SEREAHE Y I SIS AL BRAK M4 ViewSpec™ Pro5. 0 X i iz 45
TEVEAT RS T ) SPSS. 17 BT R AR S 43 M AN [R50 B

2 HREHMW
2.1 EFAMEA S K RS G R E 0.10 1%

B BR T BPAREALSEIE B0, AN [R] 25 B 7K & L
Mg st 2, IR aT LA DOKAEY K G
FHETE BT i 2 FR Ik SR (AR RO RERRAE , ZE ] DL
> W P BE (450 nm Ry ) FIZE 6% BE (670 nm
S ) BiE I A B 0 W W, T A IR A, TE 560
o &ﬁ‘ﬁ%ﬁk? Eﬁﬁ E‘]fiﬁﬂ‘ﬁ% m% ; Tj—: 680740 nm ZIETJ 0400 560 660 760 860 960
SRS B e B L0 WK KT 700 nm B P4 Wavelength/nm
e S G R TR T YUK ALY AE AT 2T AN B I S BI1 50 B e TR o o B 4 T8 3 2
1 JEUX S AR 2T/ 720 nm A1 808 nm FRFSTAT 14~ Fig.1 Mean reflectance of Cabomba caroliniana communities
FPECE 1) o MoKE RS 52 AR P65 . with varying coverage in the field measurement
SRR N & AR AR | SRIN R V-1 1 B S AR B 7K i R
6 FE PRSI T B, 76 3T 21 A0 XS 28 H 5 O [R) 55 B /K i B B V& 18 G0 I SR 2 ] 1) 25 53 R R 7
500—600 nm F11 700—900 nm iX 5 BE L

TR BT i E RO ST 38 2[RI AH DG oM 4l SRR Y B A/ S0 (%) 7K i Bt % o B2 5 OGS S i 32 2t
TEARSE , 7E 400—900 nm i FBl N 25 A b i 24 56 (P<0.01) , 7E 530—600 nm F1 700—900 nm 3 Bl P HAR S 1
ek (B 2) , BRI, ol KO O o6 S 0 e I BT S S 0 [l 434, 8 e RS KA K O TR
SO

JAEN[R] 56 B2 7K B (0T340 i Ze R 90 i Bl 55 B2 Ik R (PR g R A (181 1) (LA ) 5 B2 1 7K i e
IR AEA R 6 2 AR R GIE I A A R B W 25 5 (1 3) o DA ZEIT Hh e i WL 40% i B2 1Y 7K i R
V&R, it T J2 K TR IR BN, HOG T S S 2 8 R B, Hop e 500—620 nm A1 700—900 nm 33X 54~ B 7 [l

Y& it 7 513 Reflectance
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RO X SR BRI T 2 K IR 2 M KAL) D1 B, DR A D6 15 B R s K A ) 22
JERT , WA 2517 [ J2 K TR S

L o — & 0.08 /em

5 == 0.01

Q

£ 09f — 005 g

Q <

: 3

g 08¢ 5
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2 %

5 0.7¢ =

b iy

B ooel T i =

W Y R

K

E 0.5 L L L L L L L L L !

400 500 600 700 800 900 400 500 600 700 800 900
WK Wavelength/nm WK Wavelength/nm

B2 EFMNREMAKMPKBEEREAREZESHIERFENEX B3 BT 40%EEKEEREERRRBRKTE SR
Fig.2 Correlation coefficients between the Cabomba Caroliniana Fig. 3 Typical reflectance spectrum of Cabomba caroliniana
communities of varying coverage and their reflectance in the field communities with 40% coverage under varying canopy water
measurement depths in the field measurement

2.2 FEAMEHIRLE KOG R OGS R

FEAMEH S [FIRE R B UK AR Y K S SR8 o5 B Al 2 /K DR AR 2 W /K i R IE DG R % TRl —
5 2K R K ROV D S S 23R bl 3 B 1) AR T T i, 25 57 2 2R BAE 500—600 nm F1 700—900 nm iX
ANPEBGE A ) 5 R K SRR, I S R B R 2 K IR B 3G, 2 A I 4T A0 ik B i R G R B
i TR, H 700—900 nm &b A9 2 3 5 R IX B A ARG R LA 714 nm A1 807 nm A LG AP UG (K1 4) |

0.3

0.4

0.3
0.2
0.1

Y6itk 53 Reflectance

0 ! I 1 1 0 ! L L L _ ey
400 500 600 700 800 900 400 500 600 700 800 900
&K Wavelength/nm

B4 ZHMERIRE P REZEKBEENFERE
Fig.4 Mean reflectance measured in the control experiment for Cabomba caroliniana communities with varying coverage
a) KA Ocm underwater Ocm;b) 7KK 10em underwater 10cm;c) KB4 20em underwater 20em ;d) 7K %A 30em underwater 30cm ;e ) 7K 5N

40cm underwater 40cm;f) 7K BN 50cm underwater 50cm

AR P K SRR S T HOGTE SO R R R B A B A S (18 5) K S R el J2 K TR
/N, HL 35 B 5 S SR AR SE MR, 7F 525—587 nm A1 692—898 nm X ik BEE L, K VR 5
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JE 5 HOG 3 R R A 3 A 56 (P<0. 05) 5 7E 699—840
nm, 5B B EHE (P<0.01) . 76 0] WGk B AT 40
AN B, AR S A = (4 5 BE 3 A AE 554 nm A1 809 nm
BRI, (HK S BRI e 2 KRN 0 em (B K S RERETE
SEZ B A KT ) B, H 5 R 5 O R S R OGP I

—
(=}

ot
)

e
=)

<
o

5% &% Correlation coefficient
o
~

I, 7F 502—900 nm B BN Ry i 3 AH G (P<0.05) ¥ (50cm)
#F 513—533 nm .570—639 nm F1 686—900 nm % Bl 0 300 w0 700 s0 900

FEL PN b S A 56 (P<0.01) o X6, 5 2K IR 45 5% Bk Wavelength/nm
Mol LAY 35 50638 SO 3R AR DG, HUUKAEY) . s ssMeslit i RRRRA R B E B S 5 il
JEKRGEREK, HOGHE S R Z K R AR K, ViKY RERNEXRE
_énlzél E % E“ %I @E/‘J j\jﬁljg% )i E]L %&:/—;—: ’fJC @ Z:Hﬂ Eo % 9"%%’] Fig.5 Correlation coefficients between the varying coverage of
i itg/ﬁ El /‘] é 'j:: % m %%ED% ’ Z'{ @ }EH ﬁlﬁﬁg‘%ﬁﬁ % fi{fﬁ/ﬁﬁk * E % %gl }E Cabomba caroliniana communities and the reflectance under
B, A2 P e S22 K R B ST
2.3 )RR IRRIKE BRI G R (152 M

FHMETIRGE T AR 55 B K S BRI 0 T 52 38 5 %0 0 9 5 2 7K TR 4 A G 43 B 2R B 7K REREVE 1Y
S S 5 23R 5 e S K IR I A 52 A G, HLK O FERETE 55 B R, OO ik B I 230 15 5 J2 7K TR A A OC 1 e I 2%
(F6), 1F 529—568 nm 696—737 nm H1 774—824 nm i Byl Bl N , K G BEREIE BOGIE S S 5 5 Tl )2 K R &
AR SE (P<0.05) , 7€ 708—711 nm % B N, 7K G FREE G B 58 556 12 K TR 4 0 4kt 2 47 AH ¢
(P<0.01), 7E 710 nm F1 806 nm B I BL , 7K & FEREVR GG S 5 2465 56 J2 K URAH DMk Bk | 2 HOGIS I i %
Xof 568 2 AR TR A A Fr SRR ) D Bt
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