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Figure 3.1. Location of sampling sites and host species. A. Location of sampling sites 

in Sydney Harbour (sites 1 and 2) and Botany Bay (site 3) together with host benthic 

coverage bar graphs. Benthic coverage of Plesiastrea versipora

Coscinaraea mcneilli Capnella gaboensis

B. P. versipora (hard coral) and C. C. gaboensis 

(soft coral). D. Bleached P. versipora. E. Tagged P. versipora during the bleaching 

(April 2016) and the recovery (July 2016). 
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Figure 3.3. Box plots for number of sequences, clades and OTUs based on the cp23S 

marker in each site, habitat and sampling time. Box plots for P. versipora (hard coral) 

are shown as pink, C. gaboensis (soft coral) as orange, water as blue, sediment as 

yellow and macroalgae as green. 

 

Figure 3.4. Box plots for number of sequences, clades, ITS2 variants and OTUs based 

on the ITS2 marker in each site, habitat and season. Box plots for P. versipora (hard 

coral) are shown as pink, C. gaboensis (soft coral) as orange, water as blue, sediment 

as yellow and macroalgae as green. 
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Figure 3.6. Relative abundance of Symbiodinium clades during pre-bleaching and 

bleaching obtained by DNA metabarcoding based on the cp23S marker. 3 sites × 5 

habitats (hard coral: P. versipora, soft coral: C. gaboensis, water, sediment and 

macroalgae) × 4 replicates (a, b, c, d) for 2 sampling time points (pre-bleaching vs. 

bleaching). Note that no C. gaboensis samples were collected at site 1 during bleaching, 

and no bars in sediment and macroalgae samples were due to no amplification/no 

sequences. Colour of bars for each clade are shown above the graphs. 

 

Figure 3.7. nMDS plots of Symbiodinium community compositions based on the 

cp23S marker. A. Clade. B. OTU. Non-metric multidimensional scaling (nMDS) was 

performed on each variable per variant using Bray-Curtis Similarity. CLUSTER 

analysis was performed for cladal composition (A); similarity is shown at the 50% 

(green solid lines), 80% (pink dashed lines) levels and vectors driving the clustering 

are shown as blue lines. Hard corals are represented by pink, soft coral by orange, 

water by blue, sediment by yellow, and macroalgae by green with site 1 with circle, 

site 2 with rectangle, and site 3 with square markers. Plots for pre-bleaching samples 

are shown with closed markers and bleaching samples with open markers (all 

combinations of the markers are shown below the graphs). 

 

Figure 3.8. Relative abundance of Symbiodinium clades during pre-bleaching and 

bleaching obtained by DNA metabarcoding based on the ITS2 marker. 3 sites × 5 

habitats (hard coral: P. versipora, soft coral: C. gaboensis, water, sediment and 

macroalgae) × 4 replicates (a, b, c, d) for 2 sampling time points (pre-bleaching vs. 

bleaching). Note that no C. gaboensis samples were collected at site 1 during bleaching, 

and no bars in water, sediment and macroalgae samples were due to no 
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amplification/no sequences. Colour of bars for each clade are shown above the graphs. 

 

Figure 3.9. nMDS plots of Symbiodinium community compositions based on the ITS2 

marker. A. Clade. B. ITS2 variant. C. OTU. 

 

 

Symbiodinium

n

 

 

Symbiodinium

n

 



xix 

Figure 3.12. Box plots for number of clades, ITS2 variants and OTUs based on the 

ITS2 marker in each region and habitat. Box plots for hard corals are shown as pink, 

soft coral as orange, water as blue, sediment as yellow and macroalgae as green. Sites 

and seasons were pooled together. 

 

Figure 3.13. Phylogenetic trees based on OTUs together with sequences in ITS2 

reference database SymTyper. A. Clade A OTUs in Sydney Harbour with red letters 

plus clade A sequences in SymTyper with black letters. B. Clade B OTUs in Sydney 

Harbour with blue letters plus clade B sequences in SymTyper with black letters. C. 

Clade C OTUs in Heron Island reef with yellow letters plus clade C sequences in 

SymTyper with black letters. Phylogenetic trees were created using QIIME 

(make_phylogeny.py). 

 

Figure 3.14. Environmental data in Sydney Harbour (temperate reef) and Heron Island 

(tropical reef). A. Monthly averaged sea surface temperature (SST, °C) from January 

2015 to December 2016 including sampling periods for both Sydney Harbour 

(December 2015 and May 2016) and Heron Island (October 2015 and March 2016). 

Black solid line for Sydney Harbour SST and black dashed line for Heron Island SST. 

B. Monthly averaged photosynthetic active radiation (PAR, mol photons m-2 s-1) from 

January 2015 to December 2016. Red solid line for Sydney Harbour PAR (averaged 

PAR at depth 5-7 m where corals inhabit) and red dashed line for Heron PAR at sea 

surface. 

 

Symbiodinium



xx 

Symbiodinium

 

 

Figure 3.16. nMDS plots of Symbiodinium community compositions from Sydney 

Harbour (temperate region) and Heron Island (tropical regions) based on the ITS2 

marker. A. ITS2 variants. B. OTUs. 
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