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Investigating Host-Symbiont Genetic Structure in Moorean Corals 
Sarah W. Davies M. Sc. University of Texas at Austin 

I. INTRODUCTION             
The ability of a species to disperse determines its potential to escape adverse conditions, re-

colonize disturbed habitats, colonize novel habitats, and spread beneficial alleles between populations 
(Ritson-Williams et al. 2009). Coral reefs are increasingly threatened by shifts in the world’s climate and 
by habitat fragmentation due to anthropogenic stressors (Hoegh-Guldberg et al. 2007), therefore a 
thorough understanding of genetic and demographic connectivity among populations remains a priority.  
The majority of corals release gametes into the water annually to produce planktonic larvae that are 
dispersed by ocean currents, representing the coral’s only dispersal opportunity (Fig 1). Since directly 
tracking these larvae has, to date, been impossible (Jones et al. 2009), an effective method of evaluating 
coral connectivity uses genetic techniques. Historically, marine pelagic larvae were thought to disperse 
large distances (i.e. Sale 1978), but with coral populations in massive decline, it is clear that explicit 
estimates of migration rates and genetic population structure are essential to managing coral reefs. 

Corals possess symbiotic algae (zooxanthellae) of the genus Symbiodinium and this symbiosis is 
extremely important to overall fitness of the coral. The process known as coral bleaching occurs when the 
symbionts are lost or expelled from the host leaving behind the white color of the calcium carbonate 
skeleton. As symbionts can supply up to 95% of the host’s energy 
requirements (Muscatine 1990), this process is very damaging and is 
an indication of reduced reef health. Bleaching can be induced by 
many environmental stressors such as change in water temperature, 
increase in UV, bacterial infections, herbicides, and many others 
factors, and is considered one of the main threats to coral reefs 
globally. Research has shown that different strains of Symbiodinium 
confer different thermal tolerance (i.e Jones & Berkelmans 2010), so 
understanding symbiont diversity within and between coral 
populations is important for predicting bleaching events (Abrego et 
al. 2008). In the majority of broadcast spawning corals, larvae 
acquire their symbionts from the local environment rather than from 
their parents. Because of this life history, we expect an increased 
selection for local adaptation in symbionts resulting in significant 
population structure, since they are acquired locally and even 
marginal changes in their performance can have huge fitness 
consequences.  

Compared to Australia’s Great Barrier Reef and other reefs within the Coral Triangle, few studies 
have looked at coral host connectivity among remote Pacific reefs, and to our knowledge, none have 
explored potential differences in symbiont population structure. Pacific reefs occur as discrete habitats 
across vast oceanic distances and little is known about the source-sink dynamics occurring between these 
reefs, however these data are imperative to reef conservation. Studies have projected larval dynamics and 
possible exchange between reefs (Treml et al. 2008; Kool et al. 2011), however the value of these models 
for coral reef management remains uncertain as no genetic data were used in generating these models. In 
my dissertation I have used genetic tools to infer acroporid larval dispersal and migration rates between 
discrete populations throughout the Micronesian Pacific. I also analyzed symbiont genetic structure, 
which might substantiate the theory of locally adapted symbionts in broadcast spawning corals. I now 
propose to add the reef habitats of Moorea to this dataset to help define the migration limits of acroporid 
corals and to understand host and symbiont genetic structure and diversity across Moorean reefs to better 
predict response to global climate change.  

Coral reefs on and surrounding Moorea are interesting for studying population connectivity 
because, since the 1980’s, these reefs have experienced several major perturbations. These events include 
outbreaks of corallivorous crown-of-thorns starfish (Acanthaster planci), multiple cyclones (i.e. Cyclone 
Oli), and a number of intense bleaching events (Adjeroud et al. 2009; Trapon et al. 2011; Pratchett et al. 

 
Fig 1: Life history stages of Acropora 
spp. (A) Adult colony; (B) adult 
colony releasing hermaphroditic 
gametes during annual spawning 
event; (C) planula larva; (D) two 
post-metamorphic recruits. 
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2011). However, even though reef cover during these events has been highly reduced, especially on the 
forereef, juvenile coral recruitment has been remarkably high (Adam et al. 2011), indicating some level of 
connectivity between neighboring reefs. Moorea also has a unique long term monitoring project that has 
set up six sites around Moorea in three different habitats since 2005 so adding a genetic component to this 
monitoring project will greatly ameliorate our biological understanding as well as management.   

Overarching Hypothesis: 
Due to their relatively long pelagic larval durations I hypothesize that Moorean acroporid corals 

will exhibit large dispersal ranges, while their symbionts will be highly differentiated in comparison 
to the host.  

II. SPECIFIC AIMS            
Aim 1. Determine the connectivity patterns and distribution of genetic diversity in two species of 
acroporid corals (Acropora hyacinthus & Acropora digitifera) on Moorean reefs. 
Aim 2. Determine the connectivity patterns and distribution of genetic diversity in symbionts of two coral 
hosts (Acropora hyacinthus & Acropora digitifera) on Moorean reefs. 
These aims represent complementary approaches to better understand reef connectivity, and will 
test the theory of local adaptation in the symbionts of broadcast spawning corals. 
III. STUDY SYSTEM:            
Acroporid corals are the most prominent reef building corals in the Pacific and provide habitat for many 
commercially important invertebrate and fish species. They provide both ecological and societal services 
so they remain a conservation priority. These corals are also especially sensitive to climate-induced coral 
bleaching so understanding their symbiont population genetics also represents a current gap in knowledge 
for management. From an evolutionary perspective, studying the connectivity of acroporid corals is 
interesting since they have some of the largest geographical ranges of any corals (i.e. A. digitifera range 
>100,000km2) suggesting the potential for long-range dispersal. Since genetic tools are currently the most 
effective way to measure connectivity in corals, acroporid corals are good study organisms since they 
have the most genetic information available for any coral genus worldwide. The focal species for this 
study are two Indo-pacific staghorn corals of the genus acropora, A. digitifera and A. hyacinthus. 
Preliminary ITS sequencing results indicate that these species both host Symbiodinium Clade C (Davies, 
unpublished) for which significant genetic information is also currently available.  
IV. COMPLETED WORK:            
A. Acropora host genetics  
Sampling Locations and Methodology: In November 2009, May 2010, and January 2011, researchers 
visited 22 reefs on ten islands in Micronesia (Fig 2). Our goal was to sample different spatial scales: reefs 
on the same island, within 
the same island group, 
and between island groups 
separated by various 
distances. Snorkeling or 
scuba were used to 
sample 50 individuals of 
each of the two focal coral 
species (A. hyacinthus and 
A. digitifera) per reef, a 
sample size adequate for 
population assignment 
tests (Hellberg 2007). 
Before sampling, each 
colony was photographed 
to determine color, size and for confirmation of correct species identification. Small (~2cm) coral branch 
tips were collected, preserved in 96% ethanol, and kept at -20oC.  

 
Fig 2: Micronesian island locations where A. hyacinthus and A. digitifera were 
sampled on the three field trips in 2009-2011.  
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Laboratory Procedures: With the help of eleven specifically trained undergraduate assistants, we have 
accumulated and isolated DNA from over 2300 coral samples using a customized DNA extraction 
protocol. An assay of 12 fluorescently labeled microsatellite markers (modified from Wang et al. 2009) 
that work robustly in both A. hyacinthus and A. digitifera has been established.  Markers with moderate 
allelic diversity were chosen to optimize statistical power for the estimation of population differentiation 
(Weersing & Toonen, 2009). We have multiplex PCR-amplified all samples across all 12 markers and 
fragment analyses were completed using the Applied Biosystems 3130XL Genetic Analyzer and a lab-
generated size standard (ROX_509).  
Data Analysis: Allele sizes were scored from raw electrophoregrams using GeneMarker analysis 
software (Soft Genetics LLC). Samples that contain identical multilocus genotypes were excluded from 
population genetic analysis as these samples have a high likelihood of being asexual clones (Baums et al. 
2005). The number of alleles per locus at each site, the observed and expected number of heterozygotes 
and any deviations from the Hardy-Weinberg equilibrium (HWE) were tested using GenAlex 6.5 (Peakall 
& Smouse 2006). Global and pairwise FST values were calculated for all field populations to detect 
population structure between sites and Mantel tests were used to test for significant correlations between 
geographic distance and genetic distance (isolation by distance).  
 The number of genetically differentiated clusters (K) for both species was estimated using a 
Bayesian approach, implemented in the program STRUCTURE v2.3.3 (Pritchard et al., 2000). 
STRUCTURE uses a Monte Carlo Markov chain (MCMC) clustering method to assign individuals with 
similar multilocus genotypes to probable common clusters. Log likelihood values for each K was 
computed by running STRUCTURE in in ten replicates with 106 repetitions each (burnin = 300,000 
iterations) with K set from 1 to 10. An admixture model was used with site location as a prior. The most 
likely number of clusters (K) was evaluated in Structure Harvester (Evanno et al. 2005) and CLUMPP 
(Jakobsson & Rosenberg 2007) and DISTRUCT (Rosenberg, 2004) produced the final plots (Fig 3). All 
bioinformatics are completed at the Texas Advanced Computing Center (TACC). 
Results of Completed Work (Davies et al. in prep) 
Our results indicate that significant genetic differentiation exists across Micronesia for both A. digitifera 
(Fig 3: Global Fst = 0.028, p=0.010) and A. hyacinthus (Global Fst = 0.045, p=0.010). We also found 
significant isolation by distance patterns for both species with island distance (km) explaining 87% (A. 
hyacinthus) and 54% (A. digitifera) of the variation in genetic differentiation (Fig 3D).  
 

  
Work in Progress 
Migration rates and directions between all populations and effective population sizes will be 

 
Fig 3: Acropora digitifera population structure inferred by replicate STRUCTURE runs (n=10) with 106 
repetitions each (burnin=300,000 iterations) and number of populations (A) K=2, (B) K=3, or (C) K=4. The 
admixture model was used with site location as a prior. Each line represents a single individual and line color 
indicates its most likely population. D. Isolation by distance model for A. digitifera with normalized FST 
values plotted against island distance (km) from the reference island in Palau, the most westerly site. 
Significant population structure and isolation by distance demonstrate the dispersal potential of this species 



 4 

determined using the Bayesian framework in the program MIGRATE version 2.1.3 (Beerli & Felsenstein 
2001). Once these rates and directions are determined, we will model, in collaboration with Dr. Eric 
Treml from the University of Melbourne, the realized dispersal patterns from these genetic data to 
effectively build on the current theoretical models proposed by Treml et al. (2008) and Kool et al. (2011). 
These genetic data combined with the coalescent and biophysical modeling will be the most 
comprehensive look into coral dispersal to date.  
 
B. Acropora symbiont genetics       
After we determined that the host differentiation was significant, but genetic exchange still occurs across 
large geographical scales (Fig 3), we wanted to test if the symbiont genetic structure was divergent from 
the host’s. We hypothesized that Symbiodinium would display divergent genetic structure to their coral 
host and that genetic structure would be evident across much smaller geographical scales since symbionts 
are expected to display limited dispersal. The experimental goals of this research project are eventually to 
genotype 12 Symbiodinium-specific microsatellite loci in coral holobiont DNA from the same panel of 
individuals used for the host genetics. Currently we have completed this work on A. hyacinthus from four 
sites on two islands throughout Micronesia (Palau and Yap) with six SSR loci. Significant host-
differentiation between these islands has already been demonstrated (Fig 3) so we can already begin to 
compare the differences in genetic structures between the host and the symbiont across large spatial scales 
(Palau to Yap). 
Methodology 
The primers used for this project were previously designed by our collaborators, the LaJeunesse lab, at 
Penn State University. The corals from Micronesia host Clade C2 and these microsatellite loci were first 
verified for transferability in this clade since there were developed for basal Clade C type. The same PCR 
amplification and analysis procedure described for the host was completed for the symbionts. 
Preliminary Results: 
These two sites in Micronesia (Palau and Yap) 
are hundreds of kilometers apart, however the 
coral host structure is very similar between 
locations (Fig 3). At the symbiont level, across 
the six loci we have genotyped thus far, we see 
near complete subdivision between the different 
sites (Fig 4). This result is not surprising 
considering that A. hyacinthus does not vertically 
transmit its symbionts and these initial results are 
consistent with our theory of symbiont local 
adaptation.  
Work in Progress 
Currently we are completing the data collection 
for the rest of the symbiont genetics for both 
species across all 12 loci. These results will be 
completed by Summer 2012. Symbiont migration 
rates and directions between all populations and 
effective population sizes will be determined using the same methods described above for the coral host. 
Once all of these data have been collected we will be able to robustly test our theory of divergent 
population structure between the host and the symbiont in broadcast spawning corals.     
V. PROPOSED WORK          
I propose to determine the local connectivity of acroporid corals and their symbionts on Moorean reefs. I 
will also use these data to build on our current Pacific coral connectivity work to determine the largest-
scale dispersal ranges of both A. digitifera and A. hyacinthus. Using genetics and coalescent modeling we 
will be able to determine if long-range dispersal occurs between these distant sites.  

 
Fig 4: Top: Preliminary Symbiodinium population 
structure results inferred by STRUCTURE for corals 
from Palau and Yap. The admixture model was used 
with site location as a prior. Bottom: A. hyacinthus 
population structure inferred by STRUCTURE for 
Palau and Yap.  



 5 

  
Fieldwork: I propose to collect 50 coral samples from four different 
reef sites around Moorea for A. digitifera and A. hyacinthus. These 
coral species are known to be present on Moorea and its surrounding 
islands. If the species is present at several reef types within a site, I 
will collect 25 from each of two reef types (i.e forereef and 
lagoonal) since there reef types have experienced differential percent 
coral loss (Adam et al. 2011). Once I arrive on Moorea, I will work 
with locals to determine the best reef sites of sampling, however the 
Moorea Coral Reef Long-Term Ecological Research sites (MCR 
LTER) might be possibilities since other long-term data are 
available for these sites (Fig 5).   
Methods and Data Analysis: I will employ the same methods as 
described above in my previous dissertation research. I have proven 
myself as a competent molecular biologist and the downstream 
analyses will all be feasible and practically risk-free since I have 
already completed these tasks for my other dataset. These assays 
work robustly in our lab and our access to TACC makes all 
downstream analyses quick and efficient.  
 
VI. TIMELINE            
I am a fourth year Ph.D. student planning to graduate December 2014. I have already completed the 
majority of my connectivity work in the Pacific and the work I propose to complete here will also be 
completed by Summer 2014. This timeline leaves ample time for analyses, manuscript preparation and 
dissertation writing. I plan to complete the field collections in the summer 2013 and the lab work in Fall 
2013. The manuscript expected to arise from this work will be completed in early 2014.  
 
VII. BROADER IMPACTS OF THIS STUDY        
Undergraduate Involvement: I have personally mentored and facilitated research for twenty-five 
undergraduate students at UT. I have trained them on a variety of tasks including DNA isolation, PCR, 
microsatellite analysis, qPCR, coral larval culturing, and many other lab-related tasks. Nine of these 
undergraduates have received Independent Research course credit and one just completed her honors 
thesis and is now a graduate student at Oregon State University. Seven of these students have contributed 
enough intellectual work to be authors on manuscripts that are either published or in preparation. I have 
also involved several volunteers from James Cook University during my Australian field season and I 
continue to collaborate with two graduate students there.  
Collaboration with Philippines: I have been involved in a collaboration looking into the population 
structure of Acropora hyacinthus (Dana, 1896) across the Bohol Sea. This collaboration is with Oliver 
Paderanga from the Institute of Environmental and Marine Sciences at Silliman University. Our lab 
provided protocols and reagents to students in the Philippines to complete this project and this 
collaboration is ongoing.  
Future Collaborations: If I receive this grant I look very forward to working with local Mooreans and 
reef managers to better understand the genetic processes occurring on their reefs. If they are interested in 
learning these techniques, I would be very excited to train them on the protocols we use so that they can 
continue studying their reefs in the future. I am a strong believer in local involvement and I hope that if I 
am awarded this grant, I will be able to share my skills and knowledge with reef enthusiasts in Moorea.  
 

 
Fig 5: Map of the island of 
Moorea with locations of Moorea 
Coral Reef Long-term Ecological 
sites (MCR LTER), which may 
serve as potential sampling sites 
for this proposed research project.  
Figure modified from Adam et al. 
2011). 
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    BUDGET JUSTIFICATION     
 
I am requesting funding for travel, accommodations and station fees as CRIOBE and molecular 
reagents for genetic work.  
 
 In order to determine the connectivity of acroporid corals in Moorea, I have proposed to 
amplify and capillary sequence 400 coral samples using our own cost-efficient microsatellite 
protocol (Davies et al, in prep). All of the DNA extractions will be completed by undergraduate 
volunteers at the University of Texas at a marginal cost and therefore have not been included in 
the budget below. The below budget includes return airfare for myself and a field assistant to 
Moorea, 10 nights stay at the CRIOBE facility and the resulting ferry and taxi fees. I have 
budgeted for 10 days at the station, as we will need enough time for appropriate site selection and 
sample collection. All genetic analyses and data analysis will be completed in the Matz lab here 
at the University of Texas and the capillary sequencing will be completed locally at the Genomic 
Sequencing and Analysis Facility (https://wikis.utexas.edu/display/GSAF). All bioinformatics will be 
completed at the Texas Advanced Computing Center (TACC) at no cost. Below is a breakdown 
of the actual costs for the supplies and sequencing required to complete these objectives, which 
will identify the connectivity patterns of acroporid corals and their symbionts in Moorea. I have 
converted the budget to USD since the majority of the budget will be consumed in the states. The 
Matz lab has agreed to absorb any unforeseen reagents or consumable costs that are required and 
exceed the budget described below. Therefore there are no reasons why this project will not be 
seen to completion. If you have any specific questions regarding the budget, please feel free to 
contact me at any time.  
   
IRCP Grant Budget: $4,500.00 Euros (~ $5,870.00 USD) 
 
Airline Flights (AUS  PPT) 2 @ $2070.00 $4140.00
Tahiti  Moorea ferry  4 @ $10.00 $40.00
CRIOBE Accomodation 11 nights @ $53.00 (2 person) $1,060.00
Takara ExTaq Polymerase 400 samples * 4 @ 0.15 240.00
Fragment Analysis 400 samples @ 0.90 360.00
Taxis Airport  ferry dock 30.00
 
GRAND TOTAL……………………………..……………….………………$5,870.00 USD 
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