View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

PG : 10384 B2
222, 33120121151631

B R}
B+ % i X

RS E LA R AR HES RS
FEBN I IER WA ILIAM R

Field Sudy on Effects of Simulated Sea Level Rise on Main

Processes of Organic Carbon in Kandelia obovata M angrove

Ecosystems

goooooon o o0
O O 0000000
odoononb20150 40
oooononb20150 50

20155 H


https://core.ac.uk/display/84989884?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BiRFFMIR R ER

AN A AR SCRANAE Z I $E T, JHT 5 1B 70
Ko RANERLEEHSHHAMAN NBER DL R TSR, 1
FECHR DUIE 205 sUIRA AR B, R S e A (IR TR 2w e 2 o
ARFESIRE GAT) Do

FAb R SON ( ) BRA ()
I TE AR, 3RA ( ) PR (ZH) 28 5% e B =5 ) B
B, #( ) SR = S e

LN IE



BiIIRFEZMILEERERFH

ANFRETTREERSE (A N RIORTE 22 A7 26491 2747 St 70
) SERUE PR AV IS AR 3G, JF R R AR T T O R E HLAMIE AL
SR S (R AR AT LR » SV AL 18 SCHEN BT TR 52 T
LEHHE PR B A5 o AR E TR S A0 18 S 42 [ 1
e B A7 Ve SO B O R AT AR R R A R ST A R 47
FC G AR, RARCED. el el ey NG R Hl A A0 3.

AR SR T

( )1 G ETTRARE R 2 B B R AR,
T F A HEE, MEREN BRI

( )2 ARE, & LR

(HAELL EARAES N “ v 7 BUH EAHN AR REFA8
Vo D2 T TR IRE R R # e AR S, REE TR RS
L R E AL ST AT AR S B RS R, Bl
NATFERR L, ¥EH LR )

911

FUANEEA) -



Hx

B ettt ettt e e er e |
ADSITACT ettt e e e et e e e e e e a e e e e 11
R T ] ettt VI
TADIE TNAEK ettt e e e e e e e e e e e eaaseeeanas VII
Bl R T ettt n X
FIgUIE INACX ...ttt e X
B L B BT B oo e s e oo e e e et 1
Ll B T oottt e et e et et e et et naes 1

1.2 E TN TR IR oo 2
1.2.1 VT TE S 2D PRI FEIATE TR e, 2

1.2.2 LA WU R AT FE T e, 4

13 B B B N T S oo, 8

B B I o e e, 10
A B -5 = TSSOSO 10

2 B B I ettt et e e 10
BRI AR oL iRk 1= BRSSO U USSPV 11
F3E RIS ER LALLM ER BV RERNSI ............ 12
3 R S T35 oottt 12
301 R A FBIIRIU TE oo 12

302 KB A B et 13

313 AT HUIE ST T AE oo, 13

304 B B Tl G 2 T oot 13

3 B R ettt 13
3.2.1 W TR A A TR oo 13

3.2.2 WP _E AR AEYI B IFEI . o, 14



H %

3.2.3 WP T XS R HUBRER R ATEEI...ooocccec 15

3.3 AT e 15
4 Z EELEFE _ EA AL RO FF RN 18
B RS TT3E e 18
410 FEBETITED TR TE oo 18
4.1.2 FAVEDI 3 BIFRAT B IE oo 19
413 BB G T e s 19

B2 BERR oo e 19
4.2.1 P BT YA BRI e, 19
4.2.2 WP TR YIRS BRI s 23

4.3 AT et e 26
5E BRIUETE LA AL RHORE SRR ... 29
50 RS T3 s 29
5.1.1 PRI R K ILTE B BIIE oo 29
5.1.2 PATEBI R B IHLFE D B BINTE oo 30
513 JATED I FEUEFEIR ovevveeeee e 30
514 BRI oo 31

B R et 31
521 WEF T R A AR AT AT B oo, 31
5.2.2 WP B TEXS VR RS MR B AS IO e 34
5.2.3 VT TS RETEAS S AR AN B o 40
5.2.4 WP BT XS EVE TR 5 o3 R AN BRI s 42

5.3 BT e 44
£ 6 E HEIUSFEE LA MALRMEEMAEAEM ... 47
6.1 FEREE T3 s 47
6.1.1 TV M AR AR B I RAE T ZEMTE (oo 47
6.1.2 FATEH A HUR T EIIE oo 48

6.1.3 BI R BTt G 2 T et 48



6.2 ZEIR oo 48
6.2.1 V- THT b THX6f U 9 e R b B0 A7 5 A0 B S5 i R 2= 1 AR A R R M 48

6.2.2 T _E TR RVE VAT BRI oo, 50

6.3 TTT e 51
F£7E FEIUSFEE LALLM TIRE- XK SRBEHF.......54
T RS T35 e, 54
T BRERIE s 54

T2 R T 55

713 ZHEAMBE MBI R oo 55

714 EREREERULTE oo 55

715 BHEGETE  HT e 56

T2 BER e 56
7.2.1 T B X g = RO T T TR e 56

7.2.2 WV LT IR AR AR e, 60

7.3 AT e 63

B B B e 68
8.l TE B T e 68

8.2 B T e 71

8.3 AIBEBIER. ..o 71
BEZE TR oot 72
TR ettt 94



Contents

Contents

ADSLIACt 1N CRINESE....eeeuvieeiiieiieeciiecite ettt e e e I
Abstract in English..........cooooiiiiiiii e I
Table IndeX 1N ChINESE......c.ceeviiieiieiiieeie e VI
Table Index in ENglish ........c..cooooiiiiiiiiieee e VII
Figure Index in ChINESE..........ccoviiiieiiiieciiee et IX
Figure Index in English...........cooooviiiiiiiii e X
Chapter 1 Preface......ooovvieiiiiiceeeeee et 1
1.1 BaCK@Iound.......coooiiieiieeiie ettt e 1

1.2 Previous ReSEarch........cc.oiiiiiiiiiiiiiiici it 2

1.2.1 Overview Study of Sea Level Rise on Mangrove...........cccccceeevveeennenn. 2

1.2.2 Research Progress of Organic Carbon Process in Mangrove ............... 4

1.3 Research Significance and Content ..........cceevvieeriieeiieeeiieeeie e 8
Chapter 2 Study ATCa........coiiviiiiieeeiie ettt e e e e ree e e e 10
2.1 Geographic POSIHON ......ccuuiiiieiiieiiecie ettt 10

2.2 Plot RECONSIIUCTION ..c.utieniiieiiieiie ittt 10

2.3 Mangrove PIanting..........c.ccooovieiiiiiieiieeiieeeee et 11

Chapter 3 Effects of Simulated Sea Level Rise on Carbon Pool of

Kandelia obovata Plants.............cceceereneineninenieincneen 12

3.1 Materials and Methods..........cooueiiiiiiiiiiiiie e 12
3.1.1 Measurement of Growth Parameters ...........ccccceceevereeneenenieneeniennne. 12
3.1.2 Biomass Estimation of Plants ...........cccccoeiiiiiiiiiiiiniiieeeeeee 13
3.1.3 Determination of Organic Carbon in Plants............cccccoceeveniininnennne. 13
3.1.4 Statistical ANALYSIS .....eiecvieeiiieeiiieeie et e e e 13

3.2 RESUILS .ottt ettt st 13

3.2.1 Effects of Sea Level Rise on the Growth of Plants..........cccvvvuunneeee..... 13



Contents

3.2.2 Effects of Sea Level Rise on the Biomass of Plants ........c.ccevueeeeeeeen. 14

3.2.3 Effects of Sea Level Rise on Organic Carbon Accumulation of Plants

Chapter 4 Effects of Simulated Sea Level Rise on Litter Fall Production

in Kandelia obovata Forests ...........coceoeirenenenininincsiei, 18

4.1 Materials and Methods...........coouiiiiiiiiiiiiie e 18
4.1.1 Determination of Litter Fall Production .............c.ccooeiiiviiiviiinnennnnne. 18
4.1.2 Determination of Nutrient Concentration in Litter Fall...................... 19
4.1.3 Statistical ANALYSIS ....eeoeieiiiiiiieieeie e 19

4.2 RESUILS ..ottt h ettt ettt et et et 19

4.2.1 Effects of Sea Level Rise on Seasonal Changes of Litter Fall
PrOAUCTION .o e e e 19
4.2.2 Effects of Sea Level Rise on Nutrient Concentration in Litter Fall....23

.3 DISCUSSION - ettt et e e e e e e e e e e e e e e e e et aaeeeeeeereeaeaaeeeeeeeeeennnnas 26

Chapter 5 Effects of Simulated Sea Level Rise on Litter Decomposition

in Kandelia obovata FOrests ...........cccceoeierenenencnenieieene, 29

5.1 Materials and Methods...........coeeiiirieniiiiiieiceeee e 29
5.1.1 Determination of Weight and Nutrient in Fallen Leaves.................... 29
5.1.2 Determination of Weight and Nutrient in Fallen Branches................. 30
5.1.3 Litter Decomposition IndeX ..........ccccueeriiieiiiiieniieeiieeiee e 30
5.1.4 Statistical ANALYSIS......cceevieiiiieiieeieerie et 31

5.2 RESUILS .ottt 31

5.2.1 Effects of Sea Level Rise on Seasonal Changes of Fallen Leaves
DeCOMPOSTEION ...eeeiviieiiiieeiieeeiee e eetee et e e e e e e e e eeaeeeaneeenes 31
5.2.2 Effects of Sea Level Rise on Seasonal Changes of Nutrient Content in
Fallen Leaves DecompoSition...........cccuveeeeiveeeiiieeeiieeeieeeeee e 34

5.2.3 Effects of Sea Level Rise on Fallen Branches Decomposition........... 40



Contents

5.2.4 Effects of Sea Level Rise on Nutrient Content in Fallen Branches
DECOMPOSTEION ...ttt ettt ettt et ere et e sae et e e eeaeeaeeas 42

5.3 DIISCUSSION -ttt e e e et e e e e e e e e e e e e e e e e e e e eea e aaaaeeeeeeeenanas 44

Chapter 6 Effects of Simulated Sea Level Rise on the Fates of Leaf Litter

in Kandelia obovata Mangrove ...........ccccecveeeveevieeceeeveeneenne. 47

6.1 Materials and MethodS.........oooveiiiiiiiiii i 47

6.1.1 Determination of Standing Stock of Leaf Litter and Leaf Consumption

RaAte DY Crabs ....cc.cieiiiiiieiieeieee ettt s e 47

6.1.2 Determination of Organic Carbon in Leaf Litter ..........c...ccceeennennnen. 48
6.1.3 Statistical ANALYSIS .....cc.eeviiiiiieiiieiieei e 48

0.2 RESUILS ..ottt 48

6.2.1 Effects of Sea Level Rise on Seasonal Changes of Standing Stock of

Leaf Litter and Leaf Consumption Rate by Crabs...........cccceeuveeneee. 48
6.2.2 Effects of Sea Level Rise on the Fates of Leaf Litter......................... 50
0.3 DIISCUSSION - eeeeeeeee e e e et e e e e e e e e e e e e e e e e e e eeeaaaaaeeeeeeeenannas 51

Chapter 7 Effects of Simulated Sea Level Rise on Soil-Atmosphere

Carbon Fluxes in Kandelia obovata Mangrove.................... 54

7.1 Materials and Methods...........coeeiirieniiniiiiecieeece e 54
7.1.1 Collection of Gas SAmMPIES........c.ceevvieeriieeiiieeieecee e 54
7.1.2 Analysis of Gas Samples.........cccuevviiiiieeiiieiieeiieie e 55
7.1.3 COz-equivalent FIUX ......ccccoooiiiiiiiiiiiiie e 55
7.1.4 Collection of Soil Samples.......c.cccoveviiieriieiieniieiieieceee e 55
7.1.5 Statistical ANALYSIS .....eeecvieeiiieeiiieeieeeiee et eee e esveeeeree e 56

7.2 RESUILS ..ottt sttt st st 56

7.2.1 Effects of Sea Level Rise on Seasonal Changes of Greenhouse Gas
FrOM SOOIl .. 56

7.2.2 Effects of Sea Level Rise on Seasonal Changes of Nutrient Content of



Contents

7.3 DASCUSSION ...ttt ettt ettt ettt ettt e et et e st e e bt e sab e e bt e sabeebeesateenbeesaees 63
Chapter 8 CONCIUSION........cueiieiiieeeiiie et e e 68
8.1 General CoNCIUSION. .......ccueiiiriiriiiiiiieeetee e 68
8.2 TNNOVALION ...ttt ettt ettt e eaeeas 71
8.3 Deficiency and PrOSPECt .......ccueeruieiiieiiieeiieiieeie et 71
RETEIEINCES ....cuvieieiieciieee et 72
APPEINAIX ..ttt et e et e e e bb e e et b e e e s e e eanaeea 94

ACKNOWIEAZEMENLS....c..vviiieiiiieeiiee ettt eeaee e 95



RS

HE

AR T DA JEL 1] R U 2 = AN AN () s AR AR b PR RK A 2L R IE 70 R, FE AR
WP T 80 em ZLA Ak (SLR 80 cm) « A48T T 40 cm ZLH 4k (SLR 40
cm) LA HRZEME AR (SLR 0 cm, KZAH Y TR @ U RIL H LA AR ME T = i)
BRUHEF I BT RO (Kandelia obovata, PLRT 2444 4 Kandelia candel ) 21 ## Ak
3 R G BRI FE IR .

SLR 80 cm FEHUFIREFREE N MARMEE, AARIHIE AL SLR 40 cm Al
SLR 0 cm AFHE o 25 FE MR R A2 P B DL R A 3G B B 4R 2 S 3L HY SLR 0 cm>SLR 40
cm>SLR 80 cm HJ#LAE, H. SLR 80 cm #3115 SLR 40 cm F SLR 0 cm £ 2
HES . SAFEHE PR R R B R A S, X RIS
WP BT, BRI AL PRAEL A 1 B AR R 22 B 2 BRI

A R 5 R B LE AR AR P T R 1 A, DRI — B AR AL 2
BRGEM, & Ve AL R BT EETE 7. 8 AR BIBORE, AR
ST R RN, TE 4 M BIECRME . TEARFIREHLIE], BRIEIETE SLR
40 cm FEH gt KAB AL, P8I AL L v R PSR i B AR I SLR 0 cm>SLR
40 cm>SLR 80 cm, HZER W& . =AFEHTEHTEY) C. Ny PAER R E W R [F

A rE SR I, X R WP T 1 BT, RO AR TR A SR gy
I3 5 B 3 A

B2 S LR V& K 20 i R SR AE SR 12~40 RIBH| 50%, Z=T53)
BRINE TR EH LT, B RERAC, SRERE R 50
J& J& (125 B R ALAE 30%~40% 0 42577 SLR 0 em F HIJEVE I (14 43 i 56 8 Ak 1y
7 SLR 40 cm A1 80 cm FE#l, 2% i TR 2 R 3 38 (B =R o) iR
22 AR O3 AT R L 25, B 0 RN TR) S, 22 BEIZR AR /N . AN RIREHD
FA TR R RS S ITE 5025 Bh. TE R, &2 &R Y
AN S B GEAA R, A EAKEDH e ETHE R,
(AR B TRIG & & BB E R a ik 2EH L TG BT, EA AT
A, TR HLIE T A HLR SEASEA = a ik BRI SLR
0 cm £l T SLR 40 cm 1 80 cm #tth, MIHEN ARINHHEZER, B2,
WP TH_ETEANR TR V& 4 (00 43 A DA S 53 53 R RE TR A

I

&>

SRS



RS

KA 78 V% P PR Pt 300 A7 T 888 S5 3 7E AN (R b 18] R 300 A AL P 21
B, WHEEZFETHKEZE: EAFRZENRAEI L SLR 0 cm>SLR 40 cm>SLR 80
cm ff1&%, H SLR 80 cm i EAK T SLR 40 cm 1 SLR 0 cm FEHh. &R
A EE AR I AT R v B A B 2R R kA 2 I Y SLR 0 em>SLR 40 cm>SLR 80
em A, HZEREE. = AFEHBONTE % 8815 &b 7 I TE Bk ) bL = AH
T3 SLR 80 cm 1 SLR 0 cm #HURK At 7 7 AR HU AR Bk o7 5 08 P4 B (1) L BB AH
Ifi SLR 40 cm FHi B T4k P 2R 78 1) B 3 B0 bG o v v o A TR)RBE, VP T BT
SRR AE B, AR IEA & TE B R TR B B R AT W

FREHh =R R = SR N2O CHa Al CO 1 1358 K8 S R P AL 2=
M, WEEESTHKAE. B CO YEBENFENIEE COMENZ LI
HEAR—F, KRV COMEIL COx Y@ R EFHAL. AFFEHE,
N2O f4AEIEEF A SLR 0 cm>SLR 80 cm>SLR 40 cm, SLR 40 cm 1 SLR 0 ¢cm
FEHh A A B35 2 5 CHa AR IEE R IA SLR 80 cm>SLR 40 cm>SLR 0 cm, SLR
80 cm B R 2 =T SLR 40 cm A1 SLR 0 cm £f#t; CO: FI4EEE XTI A SLR 0
cm>SLR 40 cm>SLR 80 cm, SLR 40 ¢m £ SLR 0 cm #3172 5 T SLR 80 cm £f
Hby o = b = SRR A SRR R U 34 SLR 40 cm>SLR 0 cm>SLR 80 cm, SLR 40
cm Al SLR 0 cm £f4h % % 5T SLR 80 cm Fftth . FEFEHIFIZETT 1948 1k, AKARZM
MR B S B LR R A L AR I AR B U . ZEARRIZTT A, &
BT R AR EESR DG E T IASE, AR, LIRSS 5
AR EARE L SLR 80 cm AEHBAK T SLR 40 cm A1 SLR 0 cm FE ¥
=M AU S LI FR A B R NAR DG T A R I, CHa @ & 5 L MLk

HEERFIEMR, CoEESHHEANK. BRSBTS EEREFIE

=>H

1A

FAEHB O AR RS R BB TUE R, = MREHAK AR MR A 7S RS
Pk E M F A SLR 0 cm>SLR 40 cm>SLR 80 cm, EJBEZ HE-F 1 i FTF, &k
AT AR A 5 2R G 01 B i 5 (PR . A ISR, T _E X AR AR £ A PR AR 25
RGN FEANRIS A & R, 2 U] 59 20 AR AR 28 2R G i [ ik g

R WP BTt B AR A LR

II



Abstract

Abstract

Three Kandelia obovata forests with different intertidal elevations, regarded as
sea level rises (SLR) of 80 (lower elevation), 40 (middle elevation) and O (control,
upper elevation) cm respectively, along the coastline of Zengying, Xiamen were
studied to investigate the effects of SLR on main processes of organic carbon in
mangrove ecosystems.

Plants at SLR 80 cm plot were short and sparse, so their growths were not as good
as those at SLR 40 cm and SLR 0 cm plots. Accumulation and annual increment in
biomass of K. obovata plants generally followed the order of SLR 0 cm > SLR 40
cm > SLR 80 cm, and SLR 80 cm plot had significant differences from SLR 40 cm
and SLR 0 cm plots. Organic carbon accumulation in K. obovata plants at three plots
exhibited the same order for biomass. This indicated that organic carbon accumulation
in K. obovata plants would decrease with SLR.

Plants of K. obovata at three plots had normal phenology and the same seasonal
dynamics. The highest values of leaf, branch, flower and total litter production were
recorded in July and August due to strong typhoons, and the maximum value of fruit
litter was in April due to the biological characters of this species. Except for flower
litter with the highest value at SLR 40 cm plot, leaf, branch, fruit and total litter
production significantly followed the order of SLR 0 cm > SLR 40 cm > SLR 80 cm.
C, N and P annual accumulation in litter at three plots exhibited the same order as
litter production. This showed that litter production and nutrient return of K. obovata
plants would decrease with SLR.

Seasonal average half-time of leaf litter decomposition ranged from 12 to 40 d,
with an order of degradation rate as summer > autumn > spring > winter. The
decomposition period of branch litter was long, with weight loss rates of only
30%~40% after 50 weeks. Due to differences in sediments, seasonal decomposition
rates of leaf litter were overall higher at SLR 0 cm plot than SLR 40 and 80 cm ones.

However, these differences were obvious only at the earlier stage, and became close

I



Abstract

with the extension of time. Seasonal dynamics of branch litter decomposition were the
same as leaf litter. During seasonal decomposition process of leaf litter, changes in C
concentration were not obvious; while N concentration increased first and then
decreased, with values higher than the initial; P concentration showed an upward
trend after the first drop, with values lower than the initial. Seasonal concentrations of
C, N and P in leaf litter were overall higher at SLR 0 cm plot than SLR 40 and 80 cm
ones, but the branch litter did not show significant differences. Overall, SLR is not
conductive to the litter decomposition and nutrient release cycle in K. obovata forests.

Standing stocks of leaf litter and leaf consumption rates by crabs were all higher
in spring and summer than in autumn and winter, and SLR 80 c¢m plot had significant
differences with SLR 40 cm and SLR 0 cm plots, with a tendency of SLR 0 cm > SLR
40 cm > SLR 80 cm. Both organic carbon of standing stock and consumption by crabs
followed the order of SLR 0 cm > SLR 40 cm > SLR 80 cm. Ratios of crab feeding
carbon and total carbon in leaf litter were similar among three plots. Due to waste
retention, ratios of standing stock carbon and total carbon in leaf litter were higher at
SLR 40 cm plot than SLR 80 cm and SLR 0 cm ones. In general, the amount of each
fate of leaf litter decreased with SLR, but ratios of each fate and total did not change
obviously.

Fluxes of N20O, CH4 and COz from soil to air showed similar seasonal dynamics
among plots, with higher values in spring and summer than those in autumn and
winter. Seasonal differences in fluxes of total COz-equivalent were in line with COz
fluxes, which showed that CO2 was dominant in the total flux. Annual C-equivalent
fluxes of N2O followed the order of SLR 0 cm > SLR 80 cm > SLR 40 c¢m, and there
were significant differences at SLR 40 cm and SLR 0 cm plots. Annual C-equivalent
fluxes of CH4 at SLR 80 cm plot had significant differences with SLR 40 cm and SLR
0 cm ones, with a tendency of SLR 80 ¢cm > SLR 40 cm > SLR 0 cm. Annual
C-equivalent fluxes of COz2 followed the order of SLR 0 cm > SLR 40 cm > SLR 80
cm, and SLR 40 cm and SLR 0 cm plots were significantly higher than SLR 80 cm
plot. Annual C-equivalent fluxes of all of the three gases were higher at SLR 40 cm

and SLR 0 cm plots than SLR 80 cm one, with a tendency of SLR 40 cm > SLR 0
v
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cm > SLR 80 cm. Soil nutrient contents were higher in spring and summer than in
autumn and winter, and overall lower at SLR 80 cm plot than SLR 40 cm and SLR 0
cm ones. Fluxes of CH4 were significantly correlated with contents of soil organic
carbon and total nitrogen, and CO2 were significantly correlated with contents of soil
organic carbon, total nitrogen and total phosphorus.

According to carbon budget of K. obovata mangrove ecosystems, net carbon fixed
in mangrove ecosystems followed the order of SLR 0 cm > SLR 40 cm > SLR 80 cm.
In other word, the net fixed carbon of K. obovata mangrove ecosystem decreased with
SLR. In a conclusion, main organic carbon processes in K. obovata mangrove
ecosystem were obviously influenced by SLR, which may significantly weaken the

carbon sequestration capacity of mangrove ecosystem.

Key Words:. Sea level rise; Kandelia obovata; Mangrove; Organic carbon



R

RER5I

K 3-1 AFEFEHIBKATFEIR T AEATETE oo 14
32 AFEFEHIKAIFEIR TR oo 14
R 3-3 ANFEREHBKOEAR A B S AR R 15
R 4-1 g BT RO B A R OO R T T AR 20
R 42 AFIREAO TR B S BRI R R 24
R 43 AFFEHBOEE DB RS ENRRE 24
R 44 AFIFEHBORTEE D BBES B RE 25
R 45 AFEFEHKATTBEVDHIBEEEL oo 25
R 5-1 RO VE 73 i O B RANP- 2 00 il R M R 7 20 iR 34
® 52 MOmMRAVEM AR R SR 0 SR EE N E T Z AR 40
R 5-3 BOMIRAVERL 3 il < B RANP- 28 00 iR [ R 7 Z iR 41
R 5-4 BOMRAVER T R RE TR S BRI E T Z M EER 42
R 6-1 T _b TR A5 B ] s AR A R R B S B A i ) O PR 3

TTZEIIITEE B 50
R 6-2 AEFEHUAKAR T ZE VTG FIBRAE covooeeee e 51
R T-1 P BTN R AR SR R B T AR 58
R 7-2 VT BT TR S R R RO A BT E AR 62
R T-3 R EREEMNEIEIR D T EAHIRNED T oo 63
R 8-1 AFFEBHI LA AL RGBT oo 68

VI



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



