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Population dynamics and seed banks of the threatened seagrass Halophila beccarii

in Pearl Bay, Guangxi
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Abstract: Halophila beccarii Ascherson is one of two species in the oldest lineage of seagrasses, and belongs to the family
Hydrocharitaceae. It is a small submerged creeper, found in the upper intertidal zone, and grows on mud or muddy sand
substrates in estuarine and coastal areas. This species has been recorded to be at the coastlines of East Asia, Southeast
Asia, Central Asia, Kenya and Tanzania. Global population trends indicate this species is declining, although it is fast
growing and may recover quickly from disturbance. However, it also has a narrow, restricted depth range that coincides with
the intertidal zone, an area subject to much anthropogenic disturbance. This species was listed as ‘ Vulnerable’ by the
International Union for Conservation of Nature under criterion B2. H. beccarii occupies a very limited area in China and it is

threatened by many forms of disturbance. Very little ecological information has been reported from China or subtropical
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regions globally for this species, and existing ecological studies are restricted to tropical regions in Southeast Asia or South
Asia. The lack of basic ecological information on H. beccarii in China affects our understanding of the mechanisms
underlying its decline, and thus hinders efforts to conserve and manage this threatened seagrass species.

To examine temporal variation in the area, percent cover, above-ground/below-ground biomass, shoot density,
reproductive organ density and the sediment seed banks of H. beccarii in Pearl Bay, Guangxi, samples were taken and
surveys were carried out from April 2012 to April 2013 at roughly one-month intervals. Our results indicate that the area,
percent cover, shoot density, biomass and reproductive organs density of H. beccarii in Pearl Bay vary greatly at different
stages of population development over an annual cycle. Generally, all population parameters initially increased from April
2012, until they reached a peak value and then decreased. It seems the growth dynamics of the population followed “n”
patterns with the peak values for shoot density (21602 /m”) , female flower density (5404/m”) and above-ground biomass
(42.712 ¢/m’(DW) ) occurring in early August; male flower density (2189/m®) in late August; and area (21.4 hm®)
percent cover (55%) , below-ground biomass (39.701 g/m’(DW)) and total biomass (70.583 g¢/m’(DW)) in late
October. We conclude that the flowers of H. beccarii in Pearl Bay are strongly protogynous. The ratio for above-ground to
below-ground biomass decreases continuously from 1.95 to 0.53 during population development. Mean fruit density ( as
calculated from October 2012) was 4125 /m®. Analysis of 186 H. beccarii fruits from Pearl Bay (1.7% of fruits had one
seed, 79.7% had two seeds, 13.6% had three seeds and 5.1% had four seeds) , revealed that seed counts varied from 1—4
with a mean of 2.22 mature seeds per fruit. Seed reserves in the soil varied with sampling location within the meadow, with
an average of 5749 /m” in January, 5652 /m’ in March and 2728 /m” in April. Based on our results for the area of seagrass
and soil seed bank information, we estimate that the soil seed reserve of H. beccarii in Pearl Bay in January is about 1.23 X
10°. We conclude that the H. beccarii population in Pearl Bay, Guangxi has the highest area, coverage, shoot density and
biomass of all the sites where this species has been recorded in China. We suggest that the continuous decrease of the ratio
of above-ground to below-ground biomass with population development means that the value of this ratio can be used as
indicator for distinguishing between different developmental stages of H. beccarii populations. Despite being characterized by
high seed production and fast growth, this species is threatened by high levels of human induced habitat disturbance, high
rates of seed loss in sediments and low seed germination rates, which are all negatively affecting the regeneration of H.

beccarii populations.

Key Words: threatened seagrass; phenological phenomenonn; Halophila beccarii; seed bank; population development
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Fig.1 Distribution map for Halophila beccarii population in Pear Bay, Guangxi
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Table 1 Survey methods for area of seagrass meadow at the different stages
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Fig.2 Landscape view for H. beccarii population in Pear Bay, Guangxi at the different stages
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Fig.3 Temporal population dynamics of H. beccarii in Pearl Bay, Guangxi ( April 2012— April 2013)
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Table 2 Seed density of seed banks in soil at different stages and different sampling locations

A4 H ] Date No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12 Mean+SD
2013-1-12 2339 14291 2598 6812 520 1559 5088 6083 23126 5011 520 1039 5748+6696
201313-21 24685 7276 2858 780 0 0 0 9614 4937 7016 2079 8575 56526952
201314-18 1559 1299 2079 4937 7016 520 1039 520 1299 7016 2079 3378 2728+2354
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Table 3 Comparisons of basic traits of Halophila beccarii population in Pearl Bay, Guangxi with other sites

= M b/
20 g % o =
i i) i Bl R R At 2% ik
. Percent cover  Shoot density ~ Total biomass
Site Survey Date Area/hm? N ) Above/below References
/% /m (g/m°) .
biomass
TV B ik s Apr 2012— . " B X 2y
B Apr 2013 0.8—21.4 1—55 4876—21602* 11.092—70.583*  0.53—1.95 ABFS
JTARHELAR Sep—Oct 2002;
Wi Jul 2003 9 No data No data No data No data [22]
%;fﬁ;ﬁ Aug—Oct 2008 7.6 53.33 9523.81 34.52 No data [23]
I CES
; Dec 2008 10.7 35 9550 18.30 1.7 6
R4 e el
K 1
gg;jgg% Jan 2009 10.7 15 No data No data No data [6]
3':5 2 S lgh
“ [{!ﬁj_x No data No data 40 No data 13.67 0.667 [26]
1§ Yaoyai &
E i 8 R Mar 1987 No data No data 5872 25.5 3.54 [19]
ENER E 472N Mar 1987 No data No data 6152 20.5 1.77 [19]
ENE AR L Mar 1987 No data No data 3952 19.8 1.30 [19]
R bk Feb 1987 No data No data 3632 6.2 2.26 [19]

s T AHIFE BT AL R 145 A [ i S0 A 380 A, A 98 A e o 25 B BE A i/ ML S5 e A

LA, BRETE ] — e 2 B B, HERE— Rt (AN B A=W 45 ) AN BRI 3l (181 3) , RIUIERE MR R b, Ve
RO AR A AR 2 o0 BRI A AR SR AT RE -5 9 b SRR T A S A AR SR A 5% DA M v O A 98 R TR

http ://www.ecologica.cn



6170 JAE = 3%

25 ] LAl BRI 50 28 o A AR R e B R AR AR I A R A 4 SR R T DL 5 R A R T P A v 1 s [ T
3.3 DUsd b B f) L AR TR AR

ABFFEIX T 2008—2009 4F 8 Z47 I FAZY 10 h® (9 D SE B3R 0856 0T 2010 4R 404 % (D AWEE) 4 L HRE
A W) R RATART D1 5 Bk ROt b,y A AN R R OC M R R R SR IR (R < 1a) 0 e B R RRAR ZE AR R
P22 SR AL B AP XSUURR ) 0 WS IR A AT AT RRAR ZE 6 T otk , P 2 b B A vk SR 4O T - 3 b - 2 i LA A T 13 Y
FF AT REAFTERIRBLS: , Memillan %8 #1008 535 508 ) —FP IS0 2 5 18 ¥ ( Halophila engelmannii) WFPFAG £ 15 2a (U545,
38 ( Syringodium ) I 24 38 ( Halodule ) W 51 FPF 4 B 0] 435I GE 4a 1 3a LA BV 4 3RS D 5 5 46 SR RE
TR T PERR TR A 2728 /m® A8 R T T R P 8 g B S R A 22 AR A DL v R SRR (156 R m?) 0T LR A A
LBV IR TG K - 35 ( Zostera noltii ) FhEE (367.3—487.5 Fi/m?) P HE M THEERTE NI WA 1 FAEM L. 2S5 HH
(Halophila decipiens) (176880 $i/m*) U320 3101 = Jhk 2 5 Halophila tricostata) (70000 Fi/m’) U330 SR, o T T ) O R BT A
IR F AN &2 i A R, 4208 A0 0 4200 B CBRAR D5 A% B L, Sipunculus nudus ) FIAZEET (7T H 4558 B 1L, Phascolosoma
esculenta ) 55175 B R PRUCER AR S 1y, R 1200 X B 000 % (0 5 IR IR A L 2R 3 | I o> S 3 b it B
(ISR A (Fishman 258 3R T W5 ( Callinectes sapidus) T i ATHE 65% B KM 3 ( Zostera marina) FhF 4 ) 540 Fh 18 % 45 X
X (L TV R A DL 5 R R R PR - S Rh - P PR/ b 4 H 03 9 TSR R AU 1 A Y 47.5% KA, H)
BN TR S A RS A R T A TR AR R B R REAR (1.5—22 M AR Tl R RN 7.4% ;3.6—4.2 M AT T
B & RH 5.7% it 5.5 4 H IR F IR FAUN 5.7%) P A B 5 5 m 1 SR B A R R A i 9 R 4
TR R T B X R A R T2 R A DA R (R LA R e 3 T RE A R ORI ML BT &
AR TR SRR 0 o 7 A 5855 DR 28 T RE it A DL e 5 R B AR A R ST, in =z D1 5 3 e A K B TRl o A K e
h R X 2 — | N R st 28 B s 424 B 3 UV RE 4 bR B , S EUR I R A SE TS L XS N AR SR AR THE D
B AR HLE BT %75 SRR
3.4 DlsmEihdo b/ FAEY R IVEN ISR I A EEE X

Duarte %5 5 1o XoF 423Kk 30 R AT AT , 15 A BRI R [/ R A B A SE 3 (R 1.1120.08, fhih Ay i HeAF b
LREETHG N, ELAMAR K AV RN A 1 4 FC 25 TE 2 (0 R 21 (HRDIRZE SRR ) (B 25 18 30 W) b i R e 8] & W Beh b/t
TAYEIENERZN, AP E 0 s i R LI G R RE & BB (PR AR K —m —3E 60 M 1.95 B/ &
0. 53, 7ETF R AR K Bir Bt w8 T~ A Bkt P S, e I B B, AR T RO 349M8 . Rk  FRATIAhy  Jl Vi e b b/ 4 T 2F
Yyt LU B AT 40 531 D1 5 3 ER BRI AL 1 R B BB, T He B R Rh 28T S 3t b/ 3t 2R 4 LUABLN , S8 — T R — 2 & B
B ol N I R BT AL 2 % F Bt . Parthasarathy SEIOT T 1987 4F 2—3 H 182 B3 I M IX LS HE 3T 204 kAR 85 A4 D0 o 22
ERRORPRERT oM AR R T AR Y 1.30—3.54 {5 (3R 3) , U HENX Se AR T e AL T R AE R R BB B, T [RIAE A7
T L IX 28 B 2235 20 Yaoyai &5 19 D1 5w s ER RORPE FLth B S0 T AR R 22 WAl 0.667 (3% 3) , R RI W REC &4 T3
EANIE
3.5 ABFRABR T LK R

T B R0 LA B N T3 S i 24, 3053 3 4 0 R R R OGYA (P GPS #4788 i >R A H I A4 T8 =R Ah 1, o 48 &g
FOREARIR A QRS B2, 4 )5 LS AT Re i et FH B DU T ARAG B 7 ik . e Ah, i T (R RE S A1 9 52 i, AR R 5% - U0 R A B SR A 119 4
WA 6—18 A, 1 HICEETE R H I H IR TR IR A A b (a8 | ) Az fb i ] . (05— UOR K
A28 ARl (B BE AR SRR (18] 3) B 1A B it B RN IR 3 59 40 A5 1) IR R A, REASECE: (/NPT REAL 2 — DSR2 R &, fE
A Ja TR AT RIS, N 152 7 A A 11 5 WA ARE Ml I 1 T SRASE S0, | DTG SRSl e sl INBSCHR: i sl
4 Zig

AR R, BT X A 04 DL 5 B h R BV ZEAS IR 47 i SR 20 00 B o 1 0 2 S S0 8% | A AR RLLE AR () ol 30996 R R SR A% R
BEF =12 /7 N [ SN A ¢ Y SR N7 N e A ol L N L e e 2 e N Y Y R E i - W A D = R s S K RT3
T, WERRERE T LAEAMBRENE, 1 AR 1 R0 A S MR B R e AN ey, /0 E R 1 R,

A D pE B R AT BGR RD F d (ERR TR R R0 2R B (PRI B BEA L2 IR MR 25 DR 3R A S ) ) EL W &
R, X LEHRAE M B —AE AR SERT . NI R — 2R DL s S R B g e LR S T RSB E A
BT : B e R 1 S B - BRI 5 X S e A ] T R A Bl ) VS LR RIS e R AT S X BT AR
BN TR B, R B,

References :

[ 1] Short FT, Coles R, Waycott M, Bujang J S, Fortes M, Prathep A, Kamal A H M, Jagtap T G, Bandeira S, Freeman A, Erftemeijer P, La Nafie
Y A, Vergara S, Calumpong H P, Makm I. Halophila beccarii // TUCN 2012.TUCN red list of threatened species. Version 2012. 2. [ 2013-06-05 ].

http : //www.ecologica.cn



19 B A W R DL v R R AR S A S R T R —— LT P TR 6171

[2]

[3]

[4]

[5]
[6]
[7]

[8
[9
[10
[11

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]
[25]

[26]

[27]

[28]
[29]

[30]

http ://www.lucnredlist.org/ details/173342/0.

Short F T, Polidoro B, Livingstone S R, Carpenter K E, Bandeira S, Bujang J S, Calumpong H P, Carruthers T ] B, Coles R G, Dennison W C,
Erftemeijer P L A, Fortes M D, Freeman A S, Jagtap T G, Kamal A H M, Kendrick G A, Kenworthy W J, La Nafie Y A, Nasution I M, Orth R
J, Prathep A, Sanciangco J C, van Tussenbroek B, Vergara S G, Waycott M, Zieman J C. Extinction risk assessment of the world’s seagrass
species. Biological Conservation, 2011, 144(7) . 1961-1971.

Zakaria M H, Bujang J S, Arshad A. Flowering, fruiting and seedling of annual Halophila beccarii Aschers in Peninsular Malaysia. Bulletin of
Marine Science, 2002, 71(3) . 1199-1205.

Davison G W H, Ng P K L, Ho H C. The Singapore Red Data Book: Threatened Plants and Animals of Singapore. Singapore; Nature
Society, 2008.

Fan H Q, Shi Y J, Qiu G L. China Seagrass Plants. Beijing; Ocean Press, 2009.

Fan H Q, Qiu G L, Shi Y J, Li S. Studies on Physiological Ecology of Seagrasses in Subtropical China. Beijing: Science Press, 2011.

Zheng F Y, Qiu G L, Fan H Q, Zhang W. Diversity, distribution and conservation of seagrass species in China. Biodiversity, 2013, 21(5) . XX-
XX (in press).

Roberts H A. Seed banks in soils // Coaker T H, ed. Advances in Applied Biology. Vol. 6. Cambridge: Academic Press, 1981; 1-55.

Milberg P, Hansson M L. Soil seed bank and species turnover in a limestone grassland. Journal of Vegetation Science, 1994, 5(1): 35-42.

Li Q Y, Zhao W Z. Advances in the soil seed bank of arid regions. Advances in Earth Science, 2005, 20(3) : 350-358.

Han H W, Jiang X, Pan J H, Cong W, Sun J, Zhang Z Z, Song S I, Sheng B L, Wang Q Y, Li X J. Characteristics of seagrass seed and
restoration of seagrass bed. Chinese Journal of Plant Ecology, 2012, 36(8) : 909-917.

Gonzdlez-Correa ] M, Fernandez-Torquemada Y, Sanchez-Lizaso J L. Comparing shoot population dynamics methods on Posidonia oceanica
meadows. Journal of Experimental Marine Biology and Ecology, 2007, 353(1) . 115-125.

Waycott M, Longstaff B J, Mellors J. Seagrass population dynamics and water quality in the Great Barrier Reef region: a review and future research
directions. Marine Pollution Bulletin, 2005, 51(1/4) : 343-350.

Fourqurean J W, Marba N, Duarte C M. Elucidating seagrass population dynamics; theory, constraints, and practice. Limnology and
Oceanography, 2003, 48(5) : 2070-2074.

Marba N, Duarte C M, Cebrian J, Gallegos M E, Olesen B, Sand-Jensen K. Growth and population dynamics of Posidonia oceanica on the Spanish
Mediterranean coast; Elucidating seagrass decline. Marine Ecology-Progress Series, 1996, 137(1/3) ; 203-213.

Duarte C M, Hemminga M A, Marba N. Growth and population dynamics of Thalassodendron ciliatum in a Kenyan back-reef lagoon. Aquatic
Botany, 1996, 55(1): 1-11.

Jagtap T G, Untawale A G. Ecology of seagrass bed of Halophila beccarii ( Aschers) in Mandovi estuary, Goa. Indian Journal of Marine Sciences,
1981, 10(4) . 402-404.

Ghevade K S, Joshi G V, Chavan P D. Dark carbon assimilation studies in a seagrass, Halophila beccarii Aschers. Photosynthetica, 1985, 19(1) :
109-111.

Parthasarathy N, Ravikumar K, Ramamurthy K. Floral biology and ecology of Halophila beccarii Aschers ( Hydrocharitaceae ). Aquatic Botany,
1988, 31(1/2); 141-151.

Zakaria M H, Sidik B J, Hishamuddin O. Flowering, fruiting and seedling of Halophila beccarii Aschers. ( Hydrocharitaceae) from Malaysia.
Aquatic Botany, 1999, 65(1/4) . 199-207.

Den Hartog C, Yang Z D. A catalogue of the seagrasses of China. Chinese Journal of Oceanology and Limnology, 1990, 8(1) . 74-91.

Huang X P, Huang LM, Li Y H, Xu Z Z, Fong C W, Huang D J, Han Q Y, Huang H, Tan Y H, Liu S. Main seagrass beds and threats to their
habitats in the coastal sea of south China. Chinese Science Bulletin, 2006, 51(S2) : 136-142.

Huang X P, Jiang Z J, Zhang J P, Shi Z, Wang I, Ye I, Li L. Newly discovered seagrass beds in the coastal seas of Guangdong Province. Journal
of Tropical Oceanography, 2010, 29(1) . 132-135.

Committee of Annals of Chinese Bays. Bays in Guangxi, vol. 12. Beijing: Ocean Press, 1993.

Short F T, Mckenzie L J, Coles R G, Vidler K P, Gaeckle J L. SeagrassNet Manual for Scientific Monitoring of Seagrass Habitat ( worldwide
edition). New Hampshire; University of New Hampshire Publication, 2006.

Poovachiranon S, Chansang H. Community structure and biomass of seagrass beds in the Andaman sea. I. Mangrove-associated seagrass beds.
Phuket Marine Biological Center Research Bulletin, 1994, 59. 53-64.

Chen C H, Wu Z J, Zhang G X. Ecological status and sustainability of seagrass beds in Xincun Harbor, Hainan. Ocean Development and
Management, 2011, 28(11) . 74-78.

Inglis G J. Disturbance-related heterogeneity in the seed banks of a marine angiosperm. Journal of Ecology, 2000, 88( 1) . 88-99.

Zipperle A M, Coyer J] A, Reise K, Stam W T, Olsen J L. Evidence for persistent seed banks in dwarf eelgrass Zostera noltii in the German
Wadden Sea. Marine Ecology-Progress Series, 2009, 380 73-80.

Duarte C M. Allometric scaling of seagrass form and productivity. Marine Ecology-Progress Series, 1991, 77 289-300.

http : //www.ecologica.cn



6172 JAE = 3%

[31] Mecmillan C. The longevity of seagrass seeds. Aquatic Botany, 1991, 40(2) . 195-198.

[32] Kuo J, Kirkman H. Halophila decipiens Ostenfeld in estuaries of southwestern Australia. Aquatic Botany, 1995, 51(3/4) ; 335-340.

[33] KuoJ, Long W J L, Coles R G. Occurrence and fruit and seed biology of Halophila tricostata Greenway ( Hydrocharitaceae). Australian Journal of
Marine and Freshwater Research, 1993, 44(1) . 43-57.

[34] Fishman J R, Orth R J. Effects of predation on Zostera marina L. seed abundance. Journal of Experimental Marine Biology and Ecology, 1996, 198
(1): 11-26.

[35] Marbat N, Duarte C M. Rhizome elongation and seagrass clonal growth. Marine Ecology-Progress Series, 1998, 174 269-280.

[36] Duarte C M, Chiscano C L. Seagrass biomass and production; a reassessment. Aquatic Botany, 1999, 65(1/4) ; 159-174.

SE Lk

[5] G, AMEE, B e o EEEARY. JUat. W9 S L, 2009.

[ 6] Jufie, B e, AR, 28 b EIEAGTFRER A A S 20T, JEat: Bl hiRst, 2011

[ 7] AR, BB, JEA0H, kb, RGN S B iy B RETE, 2013, 21(5) : (FHERR).

[10]  Zfkdte, BOCH. TRX LR TR E. EkE 2t 2005, 20(3) : 350-358.

[11] EB)EEAR, T8, W atE, M, IME, skl (RO, SR, T a, 2. BEm At SR RIE . YRS, 2012, 36
(8):909-917.

[23] /NP, TGRS, RSP, MR, TR, MR, g TR R BRI RL IR, BV, 2010, 29(1) ¢ 132-135.

[24] (PREMEEE) REEZE 2. PREIEEE . B+ 20007 ) . et W, 1993.

[27]  BRFRAE, RPN, TKOGE. BRI S pR i A R0 K nT RS IR, T & S A3, 2011, 28(11) : 74-78.

http : //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.19 Oct.,2013( Semimonthly )
CONTENTS

A review of ecosystem services and research perspectives «+eseeeerereririiiiiiiae. MA Fengjiao,LIU Jintong, A. Egrinya Eneji (5963)
Sexual interference in non-human primates «+«sseeereeerereeiiiiiiiiin, YANG Bin, WANG Chengliang, JI Weihong, et al (5973)
Density-dependent effect on reproduction of rodents: a review — ceseeeeeeereeeieeees HAN Qunhua, GUO Cong,ZHANG Meiwen (5981)
Proximate and ultimate determinants of food chain length ««eeeeeeeeeeeeeeeiiiiiiiiie. WANG Yuyu, XU Jun, LEI Guangchun (5990)
Mechanism of biological control to plant diseases using arbuscular mycorrhizal fungi ««+«-eeeeeeeeereeeeieiii
................................................................................. LUO Qiaoyu, WANG Xiaojuan, LI Yuanyuan, et al (5997)
Advances in effects of conservation tillage on soil organic carbon and MILIOGEN ««++++++cesresseerreerterttrnttitentett st
........................................................................ XUE Jianfu, ZHAO Xin, Shadrack Batsile Dikgwatlhe, et al (6006)
Habitat selection of the pre-released giant panda in Wolong Nature Reserve «---+-ssssesserreerseessmiimiiiiiiiieie i
................................................................................. ZHANG Mingchun, HUANG Yan, LI Desheng, et al (6014)
Activity thythm and behavioral time budgets of wild Reeves’s Pheasant ( Syrmaticus reevesii) using infrared camera «-«--ceveeeececeeee
.................................................................................... ZHAO Yuze, WANG Zhichen, XU Jiliang, et al (6021)
The energy budget of tree sparrows Passer montanus in wind different speed and duration — +eeeeeerererrreeniiiiiii
................................................................................. YANG Zhihong, WU Qingming, DONG Haiyan, et al (6028)
Nest site characteristics of Petaurista caniceps in Baima Snow Mountain Nature Reserve —««cceeeeeeseeririniiiiiiiiin,
....................................................................................... LI Yanhong, GUAN Jinke, LI Dayong, HU Jie (6035)
Effects of habitat fragmentation on the genetic diversity of Pachycondyla luteipes on islands in the Thousand Island Lake, East
G, +« v eeveeeememenemene ettt ettt e et e et et et e e eeenanenes LUO Yuanyuan, LIU Jinliang, HUANG Jieling, et al (6041)
The molecular genetic relationship between the pollinators of Ficus pumila var. pumila and Ficus pumila var. awkeotsang «+-++=++-++++-
.................................................................................... WU Wenshan, CHEN Youling, SUN Lingli, et al (6049)
The genetic evolutionary relationships of two Eupristina species on Ficus aliissima <+« -eseseeeerenmneaneiaa
....................................................................................... CHEN Youling, SUN Lingli, WU Leilei, et al (6058)
Metal uptake and root morphological changes for two varieties of Salix integra under cadmium stress —+ee-eeeeeereeereeeieaaiia..
.................................................................................... WANG Shufeng, SHI Xiang, SUN Haijing, et al (6065)
Effects of phthalic acid on seed germination, membrane lipid peroxidation and osmoregulation substance of radish seedlings «--+-------
................................................................................. YANG Yanjie, WANG Xiaowei, ZHAO Kang, et al (6074)
The morphological and physiological responses of Tamarix ramosissima seedling to different irrigation methods in the extremely
ATIA ATEA  +v v v ermrmemnenen e ettt et e e ea e e MA Xiaodong, WANG Minghui, LI Weihong, et al (6081)
Response characteristics of photosynthetic and physiological parameters in Ziziphus jujuba var. spinosus seedling leaves to soil
water in sand habitat formed from seashells «+eeeeeeeeeeeieeeineinn.. WANG Rongrong, XIA Jiangbao, YANG Jihua, et al (6088)
Effects of ceramsite mulching on soil water content, photosynthetic physiological characteristics and growth of plants -«----eeeeeeeeeeenens
....................................................................................... TAN Xuehong, GUO Xiaoping, ZHAO Tingning (6097)
Dynamics of tannin concentration and nutrient resorption for branchlets of Casuarina equisetifolia plantations at different ages —+++++++++
................................................................................. YE Gongfu, ZHANG Shangju, ZHANG Lihua, et al (6107)

Sulfur contents in leaves and branches of dominant species among the three forest types in the Pear]l River Delta «---eeeeeeeeeeeeeennnnns

....................................................................................... PEI Nancai, CHEN Bufeng, ZOU Zhijin, et al (6114)
Impacts of arbuscular mycorrhizal fungi and phosphorus on growth dynamics of Bauhinia faberi seedlings —+---e-eeeeeeeeeeeeeeaeaannnn.
....................................................................................... SONG Chengjun, QU Laiye, MA Keming, et al (6121)
Characteristics of ion accumulation and seed germination for seeds from plants cultured at different concentrations of nitrate
nitrogen and salinity sssseereeeeeees e ZHOU Jiachao, FU Tingting, ZHAO Weiwei, et al (6129)
Physio-ecological effects of endophyte infection on the host grass with elevated CO, +e-eeeeeereerermmmeniiii e
................................................................................................ SHI Zhibing, ZHOU Yong, LI Xia, et al (6135)
Effects of pretreatment on germination of Typha domingensis and Phragmites australis —«+«««+cseseeeeseeeeneniiiniin
........................................................................... MENG Huan, WANG Xuehong, TONG Shouzheng, et al (6142)
Transfer characteristics of cadmium from soil to Salix X aureo-pendula ~ +-+--- ZHANG Wen, WEI Hong, SUN Xiaocan, et al (6147)
Effect of Close-to-Nature management on the natural regeneration and species diversity in a masson pine plantation —«+eseseeeeeeeeeeeeees
.................................................................................... LUO Yinghua, SUN Dongjing, LIN Jianyong, et al (6154)
Population dynamics and seed banks of the threatened seagrass Halophila beccarii in Pearl Bay, Guangxi ««eeeeeeerereeeeeeeieinini.e.
................................................................................. QIU Guanglong, FAN Hangqing, LI Zongshan, et al (6163)
Effects of biological crusts on dew deposition and evaporation in the Southern Edge of the Mu Us Sandy Land, Northern China  ------
.................................................................................... YIN Ruiping, WU Yongsheng, ZHANG Xin, et al (6173)
Life history characteristics and spatial distribution of Populus pruinosa population at the upper reaches of Tarim River e-eeeeeeeeeeeeees
.......................................................................................... HAN Lu, XI Lingiao, WANG Jiaqiang, et al (6181)

Interactive effects of short-term nitrogen enrichment and simulated grazing on ecosystem respiration in an alpine meadow on the

TiDELAN PLALEAL  +v«cv v reeererneneneeenenmnenenrenenemneneneenenemnenesemmensmmenenees ZONG Ning, SHI Peili, JIANG Jing, et al (6191)



6426 A % R 334

The correlation between soil water salinity and plant community distribution under micro-topography in Songnen Plain = -«--e-eeeeeeeenes
................................................................................. YANG Fan, WANG Zhichun, WANG Yunhe, et al (6202)
Comparison of TSP, PM, sand their water-soluble ions from both inside and outside of Dafushan forest park in Guangzhou
AUTING TAINY SEASON  +++ s srrrrmrrrreresesniiiiiiiiitit et XIAO Yihua, LI Jiong, KUANG Yuanwen, et al (6209)
Fish community ecology in rocky reef habitat of Ma’an Archipelago II. Spatio-temporal patterns of community structure — ««--+--eeevee
.................................................................................... WANG Zhenhua, ZHAO Jing, WANG Kai, et al (6218)
Interannual variation in the population dynamics of snailfish Liparis tanakae in the Yellow Sea  +vreveeeereeeemiieiiinii.
.............................................................................. CHEN Yunlong, SHAN Xiujuan, ZHOU Zhipeng, et al (6227)
Spatial and temporal variation of soil macro-fauna community structure in three temperate forests =~ «e-veeeeeererseeimiiniiii,
................................................................................................ LI Na, ZHANG Xueping, ZHANG Limin (6236)
Community structure and species biodiversity of fig wasps in syconia of Ficus superba Miq. var. japonica Miq. in Fuzhou «----eeeeveeees
................................................................................. CHEN Youling, CHEN Xiaogian, WU Wenshan, et al (6246)
Marine ecological capital ; valuation methods of marine ecosystem services — ------ CHEN Shang, REN Dachuan,XIA Tao,et al (6254)
Geomorphologic regionalization of China aimed at construction of nature reserve system -«----e-eseeee GUO Ziliang, CUI Guofa (6264)
Impact of ecological vegetation construction on the landscape pattern of a Loess Plateau Watershed «««+e-eeeeeeeeeneieiniiiiiii...
.......................................................................................... YI Yang, XIN Zhongbao, QIN Yunbin, et al (6277)
Spatial heterogeneity of soil moisture across a cropland-grassland mosaic: a case study for agro-pastural transition in north of
CRIENA  cveveererrenenmnennemenemeneneaeenenraeenerenraneeneanenenns WANG Hongmei, WANG Zhongliang, WANG Kun, et al (6287)
The regional diversity of changes in growing duration of spring wheat and its correlation with climatic adaptation in Northern
CRENA  weee e eerernnmenennenenmnenetaenentenetenentaenetrenenaneneeeenenaeeneenenens E Youhao, HUO Zhiguo,MA Yuping, et al (6295)
Response of soil physical-chemical properties to rocky desertification succession in South China Karst <+« «ceeeeeereeeereeneiiniiii.
....................................................................................... SHENG Maoyin, LIU Yang, XIONG Kangning (6303)
Prediction of the effects of climate change on the potential distribution of mire in Northeastern China ««-c-reeeeeerereniiiiiii. ..
............................................................................................. HE Wei,BU Rencang, LIU Hongjuan, et al (6314)
Soil nitrogen mineralization and associated temperature sensitivity of different Inner Mongolian grasslands = ««+eeeeeeereeeeeeeeienieane.
................................................................................. ZHU Jianxing, WANG Qiufeng, HE Nianpeng, et al (6320)
Effects of land use on soil nutrient in oasis-desert ecotone in the middle reach of the Heihe River «+eeeeeeeeereeerieiiiiiiiiiiii...
.......................................................................................... MA Zhimin, LU Yihe, SUN Feixiang, et al (6328)
Assessment on heavy metal pollution status in paddy soils in the northern Chengdu Plain and their potential ecological risk ««++eee---
....................................................................................... QIN Yusheng, YU Hua, FENG Wengiang, et al (6335)
Relationship between the temporal-spatial distribution of longline fishing grounds of yellowfin tuna ( Thunnus albacares) and the
thermocline characteristics in the Central Atlantic Ocean — +«-«eeeeeveeeee YANG Shenglong, MA Junjie,ZHANG Yu, et al (6345)
Biological nitrogen fixation in the upper water column in the south Taiwan Strait during summer 2011 «+ccereeeerereeieenieiniii..
.......................................................................................... LIN Feng, CHEN Min, YANG Weifeng, et al (6354)
Storage and drivers of forests carbon on the Beichangshan Island of Miaodao Archipelago ««+«+eeerereeeereeeiiieiiniiiiiini.,
.......................................................................................... SHI Honghua, WANG Xiaoli, WANG Ai,et al (6363)
Impact of changes in vegetation types on soil C mineralization and associated temperature sensitivity in the Changbai Mountain
OTESLS OF CRMA v vererrreneneenenenenenenneneneenaeeneneeaeneeneneneraeneeneenaenns WANG Dan, LU Yuliang, XU Li, et al (6373)
Analysis of relationship between genetic structure of Chinese Pine and mountain barriers «+sseeeeereeerrririiiiiiiii...
........................................................................... MENG Xiangxiang, DI Xiaoyan, WANG Mengben, et al (6382)

Soil organic carbon interpolation based on auxiliary environmental covariates:a case study at small watershed scale in Loess Hilly

TEGIOM +++eveeessrmmrnnes sttt WEN Wen, ZHOU Baotong, WANG Yafeng, et al (6389)
Eco-management benefit analysis of industrial resources from life cycle perspective:a case study of a virtual symbiosis network «+«+----
................................................................................................ SHI Xiaoqing, LI Xiaonuo, YANG Jianxin (6398)

The game analysis between poverty and environment in ecologically fragile zones --+ QI Xinhua, YE Shilin, CHENG Yu, et al (6411)
The coupling development of economy and environment under the background of World Expo in Shanghai «««-ceeeeeeeeeeeeeeiiieii.e.

....................................................................................... NI Yao, YUE Wenze, ZHANG Yuntang, et al (6418)



(ERZFR)2013 E£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ”
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

CHER2EY) M2 A T, K 16 FF4,300 1T, B N E M 90 Jo/ M, &4F 2 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn

KERERIER BRAD WEHMEE LU HATHRE XIKE B ¥

£ &5 %= ® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) ] _
CEAT 1981 4 3 A EIF)) (Semimonthly , Started in 1981)
¥334% H19H (20134E10 A) Vol. 33 No. 19 ( October, 2013)
b= L= <<$ ?T&>,ﬁiﬂiﬁ Edited by Editorial board of
Huhk . 6 S0 E X BUE 18 % ACTA ECOLOGICA SINICA
MR L% - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
Fi% : (010) 62941099 Tel; (010) 62941099

www.ecologica.cn .
. www. ecologica.cn
shengtaixuebao@ rcees.ac.cn .

shengtaixuebao@ rcees.ac.cn

= W Lok Editor-in-chief WANG R
35 % I:P @*4%&*17}/\ 1tor-mn-cnie > husong
S P P EE AL Supervised by China Association for Science and Technology
o [ Bl 2 pe A SIS SY 0 Sponsored by Ecological Society of China
Hihk . b R e X AUE R 18 5 Research Center for Eco-environmental Sciences, CAS
M L 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MR 2w . 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
2 1T 4 4 & )G Beijing 100083, China - A
Hiuhk . 2R BEORAR L A 16 5 Distributed by Science Press M ———
Hﬂﬁﬁ(éﬁﬁ% :100717 Add ;16 Donghuangchenggen North %
Eﬁ‘lﬁ l( 010) 6;‘2@)34563 Street, Beijing 100717, China I _m
-mall ; journa; Cspg.net Tel . (010) 64034563 o —_—
T W I el = A
ESNEST T EEFEE RS BN E-mail ; journal @ cspg.net 2 o
Hidl . JL 5T 399 {545 Domestic All Local Post Offices in China > g
B EE 2555 . 100044 Foreign China International Book Trading 7] E
~ . w ———————
J'"f:'??é%" NN o et - Corporation — M~
i WO SUBETR) 5750 8013 %5 Add:P.0.Box 399 Beijing 100044, China ::
ISSN 1000-0933 .= - NP -
RIMAFFRAT MERA S 82-7 EsEITRS M670 E M 90. 00 T

CN 11-20317Q



	1.pdf
	fm.pdf
	中文ml.pdf

	stxb201306091489.pdf
	3.pdf
	英文ml.pdf
	fd.pdf




