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Abstract

1. Changes of macro-benthic faunal community with stand age of rehabilitated Kandelia

candel mangrove in Jiulongjiang Estuary

Distribution properties of macro-benthic faunal communities were compared among
rehabilitated Kandelia candel forests of different ages in Jiulongjiang Estuary, China. From
July 2005 to July 2006, seasonal surveys were conducted within four representative forests:
K4, K7, K19 and K43, with ages of 4, 7, 19 and 43 years, respectively. Two non-vegetated
flats (NF1 and NF2) were set as the references. Numbers of faunal species in rehabilitated
forests were higher than NF1 and NF2, while younger forests (K4 and K7) generally had
more macro-benthic fauna species than older ones (K19 and K43). Among the total 22
species recorded, Uca arcuata, Metaplax elegans, Phascolosoma esculenta and Littoraria
melanostoma were dominant. Macro-benthic faunal community structures were different
among the four rehabilitated K. candel forests. The dominant species in younger forests was
M. elegans, while U. arcuata had a higher abundance than M. elegans in non-vegetation flats
and older forests. Gastropods were abundant in younger forests. Distribution properties of
dominant species differed among rehabilitated K. candel forests. U. arcuata had the largest
density in non-vegetated flats, and was infrequent in younger forests. M. elegans had high
abundances in younger forests. High abundance of P. esculenta was found in older forests,
while L. melanostoma was more abundant in younger forests. Since both macro-benthic
faunal community and vegetation were similar in K19 and K43, rehabilitated K. candel
mangrove was considered steady 19 years after being planted. That is, in the case of
macro-benthic fauna and vegetation, a K. candel mangrove may evolve to a mature state at a

stand age of about 20 years.

2. Leaf consumption by Sesarma plicata in a mangrove forest at Jiulongjiang Estuary
Feeding ecology of Sesarma plicata, the most abundant crab species in a mangrove forest

dominated by Kandelia candel at Jiulongjiang Estuary, China, was investigated through field

v
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and laboratory experiments. Feeding preference and consumption rates were determined on
mature, senescent and decomposed leaves of Kandelia candel, Bruguiera gymnorrhiza and
Aegiceras corniculatum. In the laboratory, S. plicata preferred leaves of K. candel over those
of B. gymnorrhiza and A. corniculatum, and consumed significantly more decomposed leaves
than mature and senescent ones, irrespective of crab size. Field experiments with limited
power failed to reveal detectable species preferences despite more consumption of K. candel,
but decomposed leaves of each species were again preferred. Leaf characteristics associated
with preference changed with plant species and leaf state. Low tannins and high water
content characterized the preferred state of leaves. Species preference was significantly and
negatively related to crude fibers and C: N ratios for mature leaves, and crude fiber for
senescent leaves, but significantly and positively related to water content for decomposed
leaves. Leaf consumption rates averaged for all leaf categories from laboratory no-choice
feeding experiments were 0.101, 0.055 and 0.017 gDW ind™" d”' for large, medium and small
crabs, respectively. In this forest, mean density of S plicata was 20.5 ind m™ as assessed by a
manual catching method. Leaf litter removal rate during neap tide days by sesarmid crabs
was about 1.33 gDW m™ d”' in April 2006. The leaves removed by crabs were grazed on the

sediment surface or taken into crab burrows, shredded and stored before being eaten.

3. Seasonal dynamics of leaf litter removal by crabs in a Kandelia candel mangrove forest in
Jiulongjiang Estuary

Seasonal variability of leaf litter removal by crabs was observed from May 2006 to April
2007 in a Kandelia candel mangrove forest in Jiulongjiang Estuary, China. Monthly average
quantities of leaf fall ranged 0.85~3.86 gDW m™d"', with high values in May, August,
October and November. The whole-year leaf fall was 6.48 t ha' a” (1.81 gDW m™d™").
Standing stock of leaf litter on the forest floor was 7.78 gDW m™ averaged from the whole
year’s data, with the lowest value in December (1.23 gDW m™) and the highest in April
(16.18 gDW m™). Annually averaged removal rate of leaf litter by crabs was 0.59 gDW m™
d'. High seasonal variability was observed on removal rates of leaf litter by crabs. The values

in the winter months (December, January and February) were 0.07~0.09 gDW m™>d™, much
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lower than those in other months with values of 0.59~1.18 gDW m™>d"'. Annually averaged
percentage of leaf fall removed by crabs was 33%, with the highest values in September
(reached 76%) and the lowest values in winter months (December, January and February).
During the whole year, the estimated tidal export of leaf litter was 444.07 gDW m>,
accounting for about 67% of the leaf fall production. In leaf litter removed by crabs, a large
proportion was buried by crabs, and only 12% was consumed by crabs on the forest flood.
Leaf litter removal rate, consumption rate on the forest floor, percentages of leaf fall and
standing stock removed on the forest floor were significantly positively correlated with air

temperature.

4. Change of soil property induced by foraging of mangrove crab Sesarmea plicata on

mangrove leaf

The effects of mangrove crab Sesarmea plicata on soil chemical properties and enzyme
activities were quantified in laboratory, with emphasis on crab activity and foraging Kandelia
candel leaf. Crab activity has no significant effect on soil OC, TN and available phosphorus
contents, but significantly increased soil NO3-N content from 131.44 pug g in the control to
194.79 pg g”'. Soil urease activities were hampered while sucrase activity was enhanced by
crab activity. Foraging K. candel leaf by S plicata presented different effects on soil
properties to crab activity. Forging K. candel leaf significantly increased the soil OC, TKN
contents, and soil enzyme activities except invertase and urease activities were significantly
augmented during the foraging. Significant correlations were found among soil chemical
propertics and enzyme activities. By forging 1 g K. candle leaf, 154.94 mg OC and 10.26 mg
TN contents were accumulated in soil by crab. Removing crab feces material from soil
weakened foraging effect on soil properties, indicating a medium role of nutrient retention in

mangrove soil.

Keywords. Mangrove; Kandelia candel; Macro-benthic fauna; Ecological relationship;

Jiulongjiang Estuary

VI



VR R 22 i S

H
1O OO I
FEZRT] e X111
BEIZR ] ottt XV
L N 1 =TT 1

AR N BNt eo8 L Es i b OO 2
O O AR S 7 N TN o T SO OO 2
1.1.2 ZERARAE ST 5 A A B R AR A B AR T L e, 5
IIIRIRAR AE VAR R Ol LU i LTSIy - ) D 6

1.2 ARMAER R G R EN I IR ZEZS e 9
1.2.1 KRB ER S0 LA FE AR DB EE VR e, 9
1.2.2 KIS I ER AT 2 PE oo 13
1.2.3 KIS IR DRI <. ovvoeeeeeeees e 15

1.3 KIS AT LA IR LI IVE T oo 17

1.4 BT H I PIBEFIIL X oo 19

552 5 BHOMZIA RN AR S KB AT B IETE I oo 22

2.1 TR cooeeeeeeve ettt 22

2.2 MERHG TTTE e 22
221 FEHIREDL ... 22
2.2.2 AU BRI BLIRIEITIISE oo 24
223 REURMIBIYI T ..o 24
224 FLHEIIHTGETL oo 25

2.3 BERL et 25
231 FEBERN TR oo 25
2.3.2 JEMGBIHIFIZEZ IR oo 25
2.3.3 SR BIIRETE IS FE R E IR oo 28
2.3.4 ML TE RN EE oo 31
235 BT e 33
2.3.6 H WAFH B FE RN MR oo 33

2.4 BT ettt ettt 40

553 5 UL FT LD AR YRR AR T B FE A 43 B ARSI s 46
70 /=SSOSO OO OO 46
3.2 BBEEG TTI oottt 48

vl



MrRoeRe: JURIE RO 2D R KT SR B ) 28 A 2550 R OWF AL

320 FEHIREDL oo 48
322 BEIEBEFERIEMN B oo 49
323 LI AR o oo 49
324 TH T TN IIHT oo 50
3.2.5 BB BB TII oo 50
3.2.6 TPANSAE T A T IEEE RIS oo 51
3.2.7 BFAMAE T RRIRAH TN ZEAR I BB BT SR s 52
3.2.8 ZLB AR P AH T BT BRG] 985 I () 5 BRI oo 53
3,200 B T et e 53
3.3 ZER oo snsssssnsssnssssssnsssnsssssses s ine o v saees 54
331 FEIRAHTIE B L (oot 54
332 ZERTH B TR oot 55
3.3.3 B A R R T B BB IE oo 55
334 FENEME T RIRM T IIEEE R oo 61
3.3.5 BFAMIA AR REIRAN T IR IRAT oo 61
3.3.6 TP R P RE IR AH TR LT R e, 63
3.3.7 AHTFEESFRKAGTITE I 2 BRI e, 65
3.3 T ottt 65
84T UL MO ZLR AR S V& I B BRI TTBNE (oo, 73
O 1= OSSOSO 73
8.2 FEHBEG TTTE oo 74
A2.1 FEHEREIR oo 74
4.2.2 PHTEIETZBEDUIE oot 75
4.2.3 LI TR BT I SE (oo 75
4.2.4 ZERIBR AR T BT BRI V& I 25 BR AT s 76
42,5 B IIHTRIGETE <o 77
A3 ZEIL oo bbbttt s 77
B30 PHTEIETT B oot 77
4.3.2 MBI TEI BIAT IR oo 80
433 LA AT TSI TEH I ZEBR R e, 80

B TFTE oo 85
555 T BRI TR AT R T O LU AR JTURE R BRI oo 89
70 =TSO 89
5.2 I TTVE: oottt 90

VIII



VR R 22 i S

52,1 SEIRBERAE oo 90
5.2.2 S TTVd oo 91

5.2.3 BB L coooeoeeeeeeeee e 92

5,24 B BT A3 HT oot 94

5.3 B ettt 94
530 SEIGATR BBENE IR oo e 94

5.3.2 SRR VA T R T SRR IIHEMED B e, 94

5.3.3 R TIEXT LI AVETIVE T oo 94

5.3.4 FEIEATEEXT 3BT ML FIAE T oo, 98

5.4 BT oot e 102
B 6 T JEL Bl ettt oo ea ettt ans 105
6.1 T TEHIFTEAE TR oot 105
6.1.1 B LLA RSP S0 RIS REVE A e 105

6.1.2 JUGIL F LR AR N R AH T BE XA 7 S B ARSI e 106

6.1.3 JUGIL LR AR Y BE 0T BK A P& 1 BRI BN e 108

6.1.4 FEIRAHT-BEAEL E PR T T 2T AR LI P RTREM o 109

6.2 BT I oot 110
6.3 AIEEGFEEE oot 111
TR ©ovveeeeeeeee e e ettt 113
Bt BFF AR R R IR ST 25 BRI R AR, oo, 131
.................................................................................................................................................... 133

IX



MrRoeRe: JURIE RO 2D R KT SR B ) 28 A 2550 R OWF AL

CONTENT

AADSTIACE ...ttt ettt ettt ettt h et h e bbbt bttt b e e bt ettt e bt e st et e bt ebeebt et e nbesbeenean I
TADLE TIACK ..ottt et sttt XIII
FAGUIE INACK ...ttt ettt e st e st e st e satesatesaeesaaesseesatesatesatesneesanens XV
CRAPLET 1 PIOTACE ... ctieiieiieii ettt ettt ettt et et e eteeste et e enbeeaseenseenseenseensesasaiasesnseensesnsanns 1
1.1 Study of Macro-benthic Fauna Community in Mangrove ..........ccccueeeveerveencvionsiieireeniieenneenns 2

1.1.1 Investigation of Macro-bentic Fauna Community in Mangrove..........c.ccceceevvevverenennen. 2

1.1.2 Compare of Macro-benthic Fauna Community in Mangrove with other

Inter-Tidal Habitats .........cccovieiieiiiiiiiiiieeeeeetee ettt et et eaeennens 5
1.1.3 Effect of Mangrove Habitat Modification on Macro-benthic Fauna Community.......... 6

1.2 Feeding Ecology of Macro-benthic Fauna in Mangrove Ecosystem ..........cccoccvevvervenveninennen. 9
1.2.1 Consumption of Macro-benthic Fauna on Mangrove Litter Fall .............cccccocevinienne. 9
1.2.2 Feeding Habit of Macro-benthic Fauna ............cccoecevviiniiiiinienieneeeeeeeeee 13
1.2.3 Feeding Preference of Macro-benthic Fauna on Mangrove Leaf.............cccccoeveiennen. 15

1.3 Effect of Macro-bentic on Mangrove SOil..........ccceccviiriiieeiireriieiee it 17
1.4 Purpose, Main Content and Importance of Present Study..........ccoceveveviiinienieniinieiiecieeee 19
Chapter 2 Effect of Kandelia candel Rehabilitation on Macro-benthic Fauna Community ................. 22
2.1 INETOAUCTION ...ttt ittt ettt st b e et s bt e esnenesueennennes 22
2.2 METROMS ..ottt sttt sttt sttt et sbe e nees 22
2.2.1 STUAY ATCA...eeutieiieieeie ettt ettt e teeteeteeeteeeteesbesstessaessaessaesseesseesseesseesseesseenseenseennes 22
2.2.2 Investigations of Mangrove Vegetation and Soil ..........ccccoooieviinieniiniinienienieeee 24
2.2.3 Investigation of Macro-benthic Fauna ...........cccccoevieviiiiiniiiiiiccce e 24
2.2.4 StatiStiCal ANALYSES ..ecuvevieieieeiieriieiieeteee ettt ettt ettt te e e teeae e beenbeenteentesnaeenaeenes 25

2.3 RESUIES ..ottt et e enees 25
2.3.1 Vegetation and Soil CharacteriStiCS........ccevvuerierierierienieriesteseeseesie et 25
2.3.2 Macro-benthic Faunal SPECIES .......cceevvirieiieiieiieceeeiesieertee et 25
2.3.3 Density and Biomass of INfauna ...........cccceeeuiriiiiiiiiiiiiiciceeee e 28
2.3.4 Density and Biomass of Gastropods ..........cceeceerierierierienienieseeseesieeseesie e 31
2.3.5 Hierarchical CIUSIETING ........ccvveriieriieriieieeieeteeieeteete e eteeaeeaeenaesaaesseesseesseesseenseenes 33
2.3.6 COMITION SPECIES ..eeeuvrieiiieririeerieaiseeesieesseeeseessseeassseessseessseesssseassssessseesssessssesassssesssees 33

2.4 DISCUSSION ...ttt ettt ettt ettt et sttt et et s bt bt e st e tesbeebeest et e sbeestentenbesbeeseensesbeennensen 40
Chapter 3 Leaf consumption by Sesarma plicata at Jiulongjiang Estuary............cccocevievevienienneenennnnn. 46



VR R 22 i S

3.1 INEEOQUCTION. ¢ttt ettt st ettt s be et sbesbeesaennesbeeseennens 46
3.2 MELROMS ..ttt ettt sttt s be bt e bt et enten 48
32,1 STUAY ATCA...ccvieiieiieieeie ettt ettt te et e et e e eaeete et e sseeeseessaessaessaessaesseesseesseesseenseennes 48
3.2.2 Crab Density and BiOMAaSS .......c..cevierierienieniienienieeieeie ettt eteeteeeeseee e saee e ses 49
3.2.3 Mangrove Leaves SAmMPIINgG.........ccceevierierieriienieeieeie et eie e eieeaeete e eneeensesneesneeenes 49
3.2.4 Analyzes of Leaf CharacteriStiCS.......ouiiierierieriierieeiieieete e e eieete et eveeveenae e 50
3.2.5 Laboratory Feeding EXPeriments..........cceevuerierienieiieiie et sttt 50
3.2.6 Field Feeding Preference EXPeriments .........ccecveeuieriieiieerieeiieeciee et 51
3.2.7 Field No-choice Feeding EXperiments..........c.ccverierieeneenirineesiieieeenecsreeveesveeveenve e 52
3.2.8 Leaf Litter Removal EXPeriment ...........ccooveruierienieieiie ittt 53
3.2.9 StatistiCal ANALYSES ...cveeieiieeeieeieeie ettt ettt ste e steesta e teesaeenteenaeenes 53
3.3 RESUILS ..ttt ettt ettt ettt et et e bt e et e e bae b e e be e aa e be e be e re e be e beetaenseenseensaennes 54
3.3.1 SeSArmMA PlICALA DENSILY .....ecveeveieiieieeiesiieetetet i te et eet et et eeteesseaessessaessessenseeseeseenes 54
3.3.2 Leaf CRaracteriStiCS. .. ..uevuertirteierieriestiitete sttt ettt eatete st sbeebtete st sbeebeentenee b ebeene 55
3.3.3 Laboratory Feeding Preference........coccovvvvieiieiienieeieceeceeeeeseeeese et 55
3.3.4 Laboratory No-Choice Leaf Consumption Rates...........ccoeceevienienienienieniieceeeee 61
3.3.5 Field Feeding Preference ... ..ccoviiieieniieieeie ettt 61
3.3.6 Field No-Choice Leaf Consumption Rates ...........ccoeeeerieriiiiiiieeieeieeieeie e 63
3.3.7 Leaf Litter Removal Rate........cccooiririininiiiiiiiincieceeescseeese e 65
3.3 DISCUSSION 1.ttt ettt ettt ettt et ettt b et e bt s bt e bt et et e s bt e bt est e be s bt e bt es b e bt sbeebeenbesbeebeentent 65

Chapter 4 Seasonal Variability of Leaf Litter Removal by Crabs in a Kandelia candel Mangrove

Forest in Jiulongjiang EStuary........ ..ot 73
4.1 TIETOAUCTION .c.eeeuteteiteettete ettt ettt et ettt e bt et e b e nb e ebeestente s bt ebeententesbeeneenean 73
Y, (<11 1 Vo T« USRS 74

42,1 SEUAY ATCA....eeutiiiieiieieete ettt ettt et et et e e te et e et e eateeateeatesatesatesstesstesasessresaeesaeesneeens 74
4.2.2 Litter Fall PrOdUCHION .....cc.eitiiiiiiiiiieieie sttt sttt 75
4.2.3 Standing Stock of Leaf Litter on The Forest FI0OT .........c.cccoveviieiiiciiiiiiiieciecieeieie 75
4.2.4 Leaf Litter Removal EXPeriment ...........ccceeverierierieniieniieniieneeseesieesieesieeseesieesieeneeens 76
4.2.5 StatiStiCal ANALYSES ...eccveeiieieeieeieeie ettt ettt ettt s srae e e staesanestaesrnesaneeeaens 77
4.3 RESUIES . ..oieiieeiieii ettt ettt et e et e et e et e et e eateetaeetaeesaeesaesstessaesseeesaeaseeeseeereesseenrtennaeesaenes 77
4.3.1 Litter Fall ProdUCHION .....c..coeioiiiiiniriiiiieniecctctesicseeete ettt 77
4.3.2 Standing Stock of Leaf Litter on the Forest FIoor..........cccvevveriinienieieiecieeeieeee 80
4.3.3 Removal Rates of Leaf Litter by Crabs........ccccceeieierieriiiiieiereeeeeee e 80

XI



MrRoeRe: JURIE RO 2D R KT SR B ) 28 A 2550 R OWF AL

4.4 DISCUSSION ... eveitenteteeteeiteteste ettt et ettt et et s bt ebt et e bt s bt e bt e e e bt s bt ebeestenbesbeesaestenbesbeebeennesbeeneensen 85
Chapter 5 Change of Soil Property Induced by Foraging of Sesarmea plicata on Mangrove Leaf......89
oI B 6313 40T 1117 5 [ ) s DRSSP 89

5.2 MEIOMS «.oniniiiieiiiteectee ettt ettt sttt sttt sbeebe et sbeebeennens 90
5.2.1 Crab and Soil SamMPIING .......ccceeiiiiiiiieieeieeieeeee ettt et enbe e 90

5.2.2 Feeding EXPEriMENTt ........ccviiiiiiiiiiiiieiiesie et ete st stesaeseaesaessaessbessaseessensiansesnsennns 91

5.2.3 Analyzes of S01l CharaCteTiStICS. .....uuuuirririrrtieteeieeteeieeteeteeieeteeee e bt enesbeeneeenee 92

5.2.4 StatiStiCal ANALYSES ....veecvieiieiieiieiieie ettt ettt ettt ettt h e et e et e et beeteeae s 94

5.3 RESUILS ..ottt ettt ettt et e e et e e be e bt et e e ba e beebe s be et e e bt e bae s Reeteenseenseeeraennes 94
5.3.1 Background of Soil CharacteriStiCS. .........evurerureriierieriieiie et iities et et 94

5.3.2 Consumption of Leaf and Feces Removed ...........cccooviiiiiiiiiiieniiiiiciecieceeeee e 94

5.3.3 Soil Chemical CharacCteriStICS ... ..cvirviriirrreeiiireereiteeeeireeraesaeseesssesssesseesseesssessnenses 94

5.3.4 SOIl ENZYME ACHVITICS ...eeveeeietieiieiieniiesie it estte sttt et setesieesseesseesseesseesseesseesseesseennes 98

5.4 DISCUSSION ..ottt sttt ettt ettt ettt e e et sbe s eat e tesbe e bt estenbesbesbeestenbesbeebeeneenbesbeeseenee 102
CRAPLEr 6 SUMIMATY ....eevieiiiiieiieteete et et eteeste et e eeaeeetessaeessesssesssesssesssesssesseesssesssesssesssesseesssesssenssenns 105
6.1 General CONCIUSIONS ....c.eevviriirieiiiiiiiriete ettt sttt sttt s saeene 105
6.1.1 Effect of Kandelia candel Rehabilitation on Macro-benthic Community ................. 105

6.1.2 Leaf Consumption by Sesarma plicata at Jiulongjiang Estuary ............cccceeveeveenennnn. 106

6.1.3 Seasonal Variability of Leaf Litter Removal by Crabs in a Kandelia candel
Mangrove Forest in Jiulongjiang EStUry ........cccceeieiiieiieiieciieiieieciecee e 108
6.1.4 Change of Soil Property Induced by Foraging of Sesarmea Plicata on

Kandelia candel Leaf.........c.cccocoreineiiiiineiiecneneteeeenieene e 109

0.2 INNOVALION ..ttt ettt b bttt he bt et et s bt eb e et e sbesbeestebesbesbesbeemeenee 110

6.3 Outstanding Questions and Future Work ...........cccoovoiiririeiiniinieeeeeeee e 111
RETEICIICES. ... ettt ettt ettt ettt ettt b e sb e es et st sb e st et e st sbe e sheesaentesbesaeennens 113
AADDEIIAICES. .. eeuvtetieieete ettt et et e bt e bt e te e bt e bt e te e st e se et e ense et e et s e se e st e se e bt e st enseestenteenseenseenseentean 131
ACKNOWIEAZIMENLS ......oiiiiiiiiiiiciicieeie ettt ettt ettt et b e e b e e b e esbeesbeesseesbeesseenseesseenseesseesseenseenseensenn 133

XII



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



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

