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Clonal diversity and genetic structure of Enhalus acoroides populations along Hainan Island
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Abstract: Seagrasses are monocotyledons that grow in intertidal and subtidal zones. Seagrass beds
are among ecosystems with the highest ecosystem service value. However seagrass beds are rapidly
decline due to anthropogenic disturbances and global climate change. Enhalus acoroides a
monoecious perennial species is the largest seagrass in stature. It distributes in tropical regions
with Hainan Island as its northern limits. Clonal diversity and genetic structure of E. acoroides
populations in Hainan Island were studied to facilitate its conservation and restoration. We used four
polymorphic microsatellites to genotype samples collected from four extant populations. We found
low clonal and genetic diversities within populations consistent with the expectations of genetic
structure in edge populations. A large range of genetic differentiation was found between these four
populations probably due to the large range of geographic distances between them and genetic drift
by local extinction and recolonization. We found no sign of recent bottlenecks in all the populations
probably due to the within-population genetic diversity being too low to show obvious reduction even
after bottlenecks. We proposed suggestions on population conservation for those with high priority.
Given that seagrass bed had experienced rapid decline in recent years strengthened conservation
and ecological restoration are urgently needed.
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Table 1 Sampling information of the Enhalus acoroides populations along Hainan Island
Site Coordinate Interval of Number of Population area Other
samples ( m) samples ( hm?) seagrasses
LW 19°17°5" N 110°38°14" E >2 11 <1 Cr.Th.Ho
™ 19°14-31" N 110°37°31" E >20 29 <1 Th
LA 18°24748" N 110°3728" E >20 41 38 Cr.Th
XC 18°24°7" N 109°59°4" E >20 53 120 Cr.Th Ho.Hp
LW: Longwan Harbor; TM: Tanmen Harbor; LA: Li” an Harbor; XC: Xincun Harbor; Cr: Cymodocea

rotundata; Th: Thalassia hemperichii; Ho: Halophila ovalis; Hp: Halodule pinifolia. The same below.
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Fig.1 Distribution of the four Enhalus acoroides populations.
LW: Longwan Harbor; TM: Tanmen Harbor; LA:

Li” an Harbor; XC: Xincun Harbor. The same below.
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Table 2 Clonal structure and genetic composition of Enhalus acoroides populations along Hainan Island
Clonal diversity Genetic composition
N G Py D" ED" Hy, H, Fis A Ag Py
LW 8 5 0.571 0.893 0.833 0.211 0.225 -0.010 7 1.743 0
™ 23 6 0.318 0.842 0.813 0.233 0.226 0.049 8 1.723 0
LA 36 19 0.514 0.938 0.833 0.326 0.272 0.179 11 2.202 1
XC 50 12 0.224 0.847 0.836 0.251 0.256 -0.008 8 1.713 0
N: Number of samples; G: Number of multilocus genotypes; P,: Clonal richness; D"
Complement of Simpson index; ED" : Simpson evenness index; Hy: Expected heterozygosity; H:
Observed heterozygosity; Fis: Inbreeding coefficient; A: Total number of alleles; Ay: Allelic
richness; P,: Private allele.
Lw ™ XC
2 4
Fig.2 Genetic cluster results of the four Enhalus acoroides populations along Hainan Island.
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Table 3 AMOVA analysis of Enhalus acoroides popula— 3
tions along Hainan Island
3.1
Source of variance df Variance Percentage of
total variance 4
3 0.116 15
Among populations 11-33
268 0.674 85 ’ .
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Total 271 0.790 100
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Fig.3 Analysis of PCoA based on genetic distance of the four
Enhalus acoroides populations along Hainan Island.



2 401
( Cymodocea rotundata) . ( Thalassia
4 (0.073 ~ hemperichii) . ( Halophila ovalis)
0.309) . ( Halodule pinifolia) .
63.5 ~ 400 .2015 10
km * 120 km
37
/ (LW) (T™)
( XC) /
(LA) (T™) / (LW) 7
(LA)
(LW) ( T™)
Huang X-P ( ) Huang L-M ( ) LiYH
( ) et al. The Study on the Seagrass in South
4 China Sea. Guangzhou: Economic Press 2007 ( in
Chinese)
Costanza R d’ Arge R De Groot R et al. The value of
( N ) the world” s ecosystem services and natural capital.
Nature 1997 387 253-260
- Qiu G ( ) Lin X7 ( ) LiZS (

(LA) . ( XC)

2009

2008

) et al. Seagrass ecosystems: Contributions to and
mechanisms of carbon sequestration. Chinese Journal of
Applied Ecology ( ) 2014 25(6):
1825-1832 (in Chinese)

Duffy JE. Biodiversity and the functioning of seagrass
ecosystems. Marine Ecology Progress Series 2006 311:

233-250

Heck KL Jr Hays G Orth RJ. Critical evaluation of the
nursery role hypothesis for seagrass meadows. Marine
Ecology Progress Series 2003 253: 123-136

Waycott M Duarte CM  Carruthers TJ et al. Accelera—
ting loss of seagrasses across the globe threatens coastal
ecosystems. Proceedings of the National Academy of
Sciences of the United States of America 2009 106:

12377-12381

Short FT Polidoro B Livingstone SR et al. Extinction
risk assessment of the world” s seagrass species. Biologi—
cal Conservation 2011 144: 1961-1971

Coles R McKenzie L De’ ath G et al. Spatial distri—
bution of deepwater seagrass in the inter-reef lagoon of
the Great Barrier Reef World Heritage Area. Marine
Ecology Progress Series 2009 392: 57-68

Short F Carruthers T Dennison W et al. Global
seagrass distribution and diversity: A bioregional model.
Journal of Experimental Marine Biology and Ecology



402 29
2007 350: 3-20 3166-3170
10 Shafer D Bergstrom P. An introduction to a special 25  Cornuet JM Luikart G. Description and power analysis
issue on large-scale submerged aquatic vegetation of two tests for detecting recent population bottlenecks
restoration research in the Chesapeake Bay: 2003-2008. from allele frequency data. Genetics 1996 144: 2001-
Restoration Ecology 2010 18: 481-489 2014
11 Miao Y ( ) Xu NN ( ) Yu S ( 26 Pritchard JK Stephens M Donnelly P. Inference of
) et al. Clonality and its population genetic population structure using multilocus genotype data.
conseuqneces in seagrasses. Acta Ecologica Sinica ( Genetics 2000 155: 945-959
) 2009 29(7): 3846-3853 (in Chinese) 27  Evanno G Regnaut S Goudet J. Detecting the number
12 Sinclair EA Verduin J Krauss SL et al. A genetic of clusters of individuals using the software
assessment of a successful seagrass meadow ( Posidonia STRUCTURE: A simulation study. Molecular Ecology
australis) restoration trial. Ecological Management & 2005 14: 2611-2620
Restoration 2013 14: 68-71 28  Weir BS Cockerham CC. Estimating F-statistics for the
13 Procaccini G Piazzi L. Genetic polymorphism and analysis of population structure. Evolution 1984 38:
transplantation success in the Mediterranean seagrass 1358-1370
Posidonia oceanica. Restoration Ecology 2001 9: 332- 29  Meirmans PG. Using the amova framework to estimate a
338 standardized genetic differentiation measure. Evolution
14 Zheng F-Y ( ) Qiu G ( )  Fan HQ 2006 60: 2399-2402
( ) et al. Diversity distribution and conserva— 30  Peakall R Smouse PE. GenAlEx 6.5: Genetic analysis
tion of Chinese seagrass species. Biodiversity Science ( in Excel. Population genetic software for teaching and
) 2013 21(5): 517-526 ( in Chinese) research: An update. Bioinformatics 2012 28 2537-
15  Brouns JJ] Heijs FM. Production and biomass of the 2539
seagrass Enhalus acoroides ( 1.f) Royle and its epiphytes. 31  Xu NN Yu S Zhang JG et al. Microsatellite primers
Aquatic Botany 1986 25: 21-45 for Halophila ovalis and cross-amplification in H. minor
16  Rollén RN de Ruyter van Steveninck ED van Vierssen ( Hydrocharitaceae ) . American Journal of Botany
W. Spatio-temporal variation in sexual reproduction of 2010 97: 56-57
the tropical seagrass Enhalus acoroides ( Lf) Royle in 32 Jiang K Gao H Xu NN et al. A set of microsatellite
Cape Bolinao NW Philippines. Aquatic Botany 2003 primers for Zostera japonica ( Zosteraceae) . American
76: 339-354 Journal of Botany 2011 98: 236-238
17 Marba N Duarte CM. Rhizome elongation and seagrass 33 Sinclair EA  Anthony J Coupland GT et al. Characte—
clonal growth. Marine Ecology Progress Series 1998 risation of polymorphic microsatellite markers in the
174: 269-280 widespread Australian seagrass  Posidonia australis
18 Gao H Jiang K Geng Y et al. Development of micro— Hook. f. ( Posidoniaceae)  with cross-amplification
satellite primers of the largest seagrass  Enhalus in the sympatric P. sinuosa. Conservation Genetics
acoroides ( Hydrocharitaceae ) . American Journal of Resources 2009 1: 273-276
Botany 2012 99: 99-101 34 Nakajima Y Matsuki Y Lian C et al. The Kuroshio
19 Arnaud-Haond S Duarte CM  Alberto F et al. Stan— Current influences genetic diversity and population
dardizing methods to address clonality in population genetic structure of a tropical seagrass  Enhalus
studies. Molecular Ecology 2007 16: 5115-5139 acoroides. Molecular Ecology 2014 23: 6029-6044
20 Goudet J. FSTAT ( Version 2.9.3.2): A computer 35  Luikart G Cornuet JM. Empirical evaluation of a test for
program to calculate F-statistics. Journal of Heredity identifying recently bottlenecked populations from allele
2002 86: 485-486 frequency data. Conservation Biology 1998 12: 228-
21 Miller MP. Tools for Population Genetic Analysis 237
( TFPGA) 1.3: A Windows Program for the Analysis of 36  Lacap CDA Vermaat JE Rollon RN et al. Propagule
Allozyme and Molecular Population Genetic Data dispersal of the SE Asian seagrasses Enhalus acoroides
EB/OL . ( 1997-05-16) 2016-02-08 . http: //www. and Thalassia hemprichii. Marine Ecology Progress
marksgeneticsoftware.net / tfpga.htm Series 2002 235: 75-80
22 Dorken ME Eckert CG. Severely reduced sexual repro— 37  Lan Z-H ( ) Chen G ( ) . Degradation
duction in northern populations of a clonal plant of main ecosystems in South China Sea and correspon—
Decodon wverticillatus ( Lythraceae) . Journal of Ecology ding conservation countermeasures. Chinese Journal of
2001 89: 339-350 Applied Ecology ( ) 2006 17( 10):
23 Cristescu R Sherwin WB  Handasyde K et al. 1978-1982 ( in Chinese)
Detecting bottlenecks using BOTTLENECK 1.2.02 in
wild populations: The importance of the microsatellite
structure. Conservation Genetics 2010 11: 1043-1049 1987 .
24 Di Rienzo A Peterson AC Garza JC et al. Mutational . E-mail; jiangkai@ csnbgsh.cn

processes of simple-sequence repeat loci in human
populations. Proceedings of the National Academy of
Sciences of the United States of America 1994 91:

2018 29(2): 397-402

Jiang K Gao H Chen X-Y. Clonal diversity and genetic structure of Enhalus acoroides populations along Hainan Island China.

Chinese Journal of Applied Ecology 2018 29(2): 397-402 ( in Chinese)



