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S1 Table. GPS coordinates of patch reef survey sites in the lagoon of Dongsha Atoll, 616 

South China Sea (Taiwan). 617 

Site Latitude Longitude 

1 20
o
44'26.28'' 116

o
47'8.879'' 

2 20
o
43'31.62'' 116

o
47'52.679'' 

3 20
o
42'16.14'' 116

o
48'27.419'' 

4 20
o
44'20.52'' 116

o
51'35.699'' 

5 20
o
42'29.88'' 116

o
52'54.599'' 

6 20
o
42'6.72'' 116

o
50'53.279'' 

7 20
o
38'24'' 116

o
50'20.999'' 

8 20
o
38'3.12'' 116

o
49'30.479'' 

9 20
o
36'52.86'' 116

o
49'24.179'' 

10 20
o
36'53.4'' 116

o
46'2.399'' 

11 20
o
39'52.2'' 116

o
46'32.159'' 

12 20
o
41'49.2'' 116

o
44'45.659'' 

13 20
o
42'12.36'' 116

o
44'14.639'' 

 618 
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S2 Table. Information and Genbank numbers of macroalgae samples used for DNA barcoding in this study. 620 

Species Phylum Voucher# Date Site Area Substrate Marker GenBank# 

Ceramium dawsonii Red KO208 Oct-16 7 slope G. divaricata rbcL MH048927 

Coelothrix irregularis Red K0206 Oct-16 7 slope G. divaricata rbcL MH048928 

Hypnea caespitosa Red K0204 Oct-16 7 slope G. divaricata rbcL MH048929 

Hypnea caespitosa Red K0203 Oct-16 7 slope G. divaricata rbcL MH048930 

Hypnea caespitosa Red SD17120 Aug-17 7 slope G. divaricata rbcL MH048931 

Hypnea sp. Red K0205 Oct-16 7 slope G. divaricata rbcL MH048932 

Lobophora sp28
a
 Brown SD17023 Aug-17 7 slope G. divaricata rbcL MH048934 

Lobophora sp28 Brown SD17021 Aug-17 7 slope G. divaricata rbcL MH048935 

Lobophora sp28 Brown SD17019 Aug-17 7 slope G. divaricata rbcL MH048936 

Lobophora sp28 Brown SD17017 Aug-17 7 slope G. divaricata rbcL MH048937 

Lobophora sp28 Brown K0173 Apr-16 7 slope Coral rbcL MH048940 

Lobophora sp28 Brown SD17058 Aug-17 9 slope Coral rbcL MH048941 

Padina sp5
b 

Brown SD17114 Aug-17 7 slope G. divaricata rbcL MH048933 

Caulerpa chemnitzia Green SD17117 Aug-17 7 slope G. divaricata tufA MH048959 

a
Denomination according to [1]. 621 

b
Denomination according to [2]. 622 
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S3 Table. Information and Genbank numbers of Galaxaura divaricata samples from various locations in the lagoon of Dongsha Atoll that were used 624 

for DNA barcoding in this study. 625 

Species Voucher# Date Site Area Substrate Thallus size Marker GenBank# 

G. divaricata K0210 Apr-16 7 slope rock medium rbcL MH048946 

G. divaricata R90B12 Feb-14 9 top rock large rbcL MH048942 

G. divaricata SD17048 Aug-17 9 slope rubble large rbcL MH048957 

G. divaricata SD17098 Aug-17 6 top rock small rbcL MH048943 

G. divaricata SD17099 Aug-17 1 top rock small rbcL MH048956 

G. divaricata SD17100 Aug-17 5 top rock small rbcL MH048955 

G. divaricata SD17101 Aug-17 5 top rock small rbcL MH048958 

G. divaricata SD17102 Aug-17 5 slope rock medium rbcL MH048954 

G. divaricata SD17103 Aug-17 1 slope rock small rbcL MH048953 

G. divaricata SD17104 Aug-17 6 slope rock medium rbcL MH048952 

G. divaricata SD17105 Aug-17 5 slope rock medium rbcL MH048951 

G. divaricata SD17106 Aug-17 6 slope rock small rbcL MH048950 

G. divaricata SD17107 Aug-17 6 slope rock small rbcL MH048944 

G. divaricata SD17110 Aug-17 6 top coral medium rbcL MH048949 

G. divaricata SD17112 Aug-17 4 slope rock medium rbcL MH048948 

G. divaricata SD17113 Aug-17 4 slope rock small rbcL MH048947 

 626 

 627 
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S4 Table. Statistics summary of 2-way ANOVA of major benthic categories (live corals, total 629 

macroalgae, CCA, and other substrates) between two reef areas among 12 sites. 630 

Source of variation df Mean Sq F P 

Corals     

area (top > slope; dif: 3.15) 1 2673 6.617 0.0102* 

  site 11 11036 27.321 <2e-16* 

  area × site 11 7110 17.601 <2e-16* 

  error 1056 404   

Total macroalgae     

area (top > slope; dif: 5.03) 1 6835 20.68 6.07e-06* 

  site 11 16025 48.48 <2e-16* 

  area × site 11 8684 26.27 <2e-16* 

  error 1056 331   

Crustose coralline algae (CCA)     

area (top > slope; dif: 1.36) 1 500.2 62.725 5.99e-15* 

  site 11 44.0 5.514 1.29e-08* 

  area × Site 11 28.8 3.616 4.88e-05* 

  error 1056 8.0   

Other substrates     

area (top < slope; dif: 9.54) 1 24548 41.30 1.97e-10* 

  site 11 18205 30.63 <2e-16* 

  area × site 11 10405 17.51 <2e-16* 

  error 1056 594   

*Asterisk indicates a statistically significance at the p value < 0.05. 631 
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S5 Table. Statistics summary of 2-way ANOVA of the G. divaricata percent cover between two reef 633 

areas among 13 sites. 634 

Source of variation df Mean Sq F P 

G. divaricata     

area (top < slope; dif: 1.20) 1 423 6.574 0.0105* 

  site 12 11536 179.278 <2e-16* 

  area × site 12 480 7.460 2.28e-13* 

  error 1144 64   

*Asterisk indicates a statistically significance at the p value < 0.05. 635 

  636 

All rights reserved. No reuse allowed without permission. 
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

The copyright holder for this preprint. http://dx.doi.org/10.1101/363796doi: bioRxiv preprint first posted online Jul. 6, 2018; 

http://dx.doi.org/10.1101/363796


43 

 

S6 Table. Percent cover of Galaxaura divaricata on 13 patch reef sites in the lagoon of Dongsha 637 

Atoll, South China Sea. 638 

Site Location 
Patch reef area 

Cover rank 
Top (1-5 m) Slope (5-10 m) 

1 North 0.02 + 0.08
a
 0.02 + 0.15 very low 

2 North 0 0 very low 

3 North 0.27 + 0.78 0.31 + 0.9 very low 

4 Northeast 1.52 + 1.9 1.47 + 1.95 very low - low 

5 Northeast 5.69 + 5.47 3.37 + 5.62 low - moderate 

6 Northeast 0.79 + 1.36 0.21 + 0.34 very low 

7 Southeast 0.02 + 0.15 15.86 + 17 very low - high 

8 Southeast 0.17 + 0.67 4.31 + 6.67 very low - low 

9 Southeast 41.87 + 24.73 40.87 + 25.58 high 

10 South 0 0 very low 

11 Center 0.46 + 1.41 0.02 + 0.15 very low 

12 West 0 0 very low 

13 West 0 0 very low 
a 
Data are relative cover expressed as mean + SD (%) of 45 replicate quadrats for reef top and reef slope. 639 
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S7 Table. Statistics summary of 2-way ANOVA of the percent cover in two major benthic 641 

categories (G. divaricata and corals) over time. 642 

Source of variation df Mean Sq F P 

Two benthic categories     

benthic category 1 26.84 0.086 0.770 

  time 3 197.58 0.632 0.595 

  benthic category × time 3 113.44 0.363 0.780 

  error 352 312.61   

 643 
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S8 Table. Paucity of macrobenthic invertebrates in the Dongsha lagoon. 645 

Macrobenthic fauna Count Density (individual/100 m
2
) 

Diadema savignyi 3 0.03 

Diadema setosum 1 0.01 

Echinometra mathaei 126 1.26 

Echinothrix calamaris 3 0.03 

Tripneustes gratilla 4 0.04 

Culcita novaeguineae 54 0.54 

Echinaster luzonicus 2 0.02 

Fromia spp. 8 0.08 

Linckia multifora 15 0.15 

Holothuria 0 0 

Cypraea tigris 3 0.03 

Giant clam 34 0.34 

Lambis spp. 3 0.03 

Lobster 0 0 

Data derived from a belt transect survey of 13 patch reefs and seven seagrass beds (10,000 m
2
 total area 646 

surveyed) across the lagoon of Dongsha Atoll in September 2017.  647 
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