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The development of molecular biotechnological tools for predicting reef coral susceptibility to 
bleaching 

Abstract 
 Coral reefs, the most biodiverse marine ecosystems, are amongst nature’s true visual 
spectacles. Unfortunately, the increases in seawater temperature associated with global climate 
change are causing the mutualistic relationship between reef corals and the symbiotic 
dinoflagellates that reside within their cells to break down. As our knowledge of this coral 
“bleaching” phenomenon is far from complete, I propose herein to first uncover the cellular 
pathways underlying such disintegration at Taiwan’s National Museum of Marine Biology and 
Aquarium by identifying proteins underlying both bleaching sensitivity and bleaching-tolerance in 
samples from past aquarium studies. Then, my Filipino collaborators and I will sample corals from 
three well-studied Filipino reefs featuring corals spanning a spectrum of bleaching resilience during 
periods of both low and high temperatures, processing the low-temperature samples in the 
intervening period to determine which are most likely to bleach. If those coral colonies 
characterized by high “bleaching susceptibility index” values (calculated upon comparing their 
protein expression profiles to those of conspecifics from the Taiwan-based experiments) ultimately 
bleach, then we will have verified the capacity to determine whether a reef is of compromised 
health before its resident corals begin to die; then, managers could attempt to mitigate the local-
scale stressors that we can control, such as overfishing, in order to promote coral resilience. 
 
Background 
 Coral reefs harbor immense biodiversity and provide a wealth of benefits to humankind (e.g., 
as nurseries for numerous commercial fish species). Unfortunately, these ecosystems are threatened 
by myriad anthropogenic stressors (Mayfield & Gates 2007), from global-scale impacts like climate 
change (Hoegh-Guldberg et al. 2007), to local-scale ones like water pollution (Huang et al. 2011). 
The elevated temperatures associated with global climate change are especially concerning since 
most corals live near the upper threshold of their thermotolerance (Brown 1997). Even increases in 
temperature of only 1ºC above the summer mean can cause a collapse of the mutualistic 
relationship between reef-building scleractinians and the photosynthetically active dinoflagellates 
(genus Symbiodinium) that inhabit their gastroderms; this phenomenon is known as “bleaching” due 
to the paling of the coral tissues (Gates 1990). Since corals rely on the energy obtained from 
Symbiodinium-fixed carbon to not only meet their metabolic needs, but also to accrete the calcium 
carbonate skeletons that serve as the foundation of coral reefs, bleaching can eventually lead to both 
coral death and reef degradation.  
 
 As global temperatures continue to rise, bleaching events are becoming ever more common, 
and efforts have been made to understand why and how corals bleach. The process begins with 
photoinhibition in Symbiodinium (Jones et al. 1998), which ultimately culminates in the production 
of harmful reactive oxygen species (Downs et al. 2002). Beyond this, we know little about what 
occurs in heat-stressed coral and Symbiodinium cells. Therefore, for the first part of this proposal, I 
will use a series of symbiosis-tailored molecular approaches I have developed over the past decade 
(e.g., Mayfield et al. 2009) to determine which proteins are involved in the breakdown of the coral-
dinoflagellate endosymbiosis, as well are which underlie resilience in corals that resist bleaching. If 
1) certain proteins are only synthesized by corals experiencing elevated temperatures and 2) such 
corals eventually bleach, then these uniquely synthesized proteins may not only provide insight into 
which pathways are involved in the bleaching response, but they may also be used to develop a 
diagnostic assay for reef corals. Such a “bleaching susceptibility index” (BSI) would be especially 
useful because coral reef health assessment is currently retroactive (Mayfield et al. 2014a); 
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scientists survey reefs and document the number of dying or dead organisms (e.g., Liu et al. 2012). 
Such data are acquired too late to benefit the resident corals. I propose herein to 1) develop such a 
BSI in Taiwan and 2) employ it in the field in the Philippines to determine its ability to identify 
corals that are prone to bleach when temperatures peak. If we can determine that certain reefs are 
stressed before the resident corals demonstrate more severe, late-stage manifestations of 
compromised health, then managers could be alerted such that they could mitigate local-scale 
stressors (e.g., overfishing) in order to promote coral resilience. Furthermore, a validated BSI could 
also enable us to identify markedly robust coral populations that resist bleaching; such coral 
genotypes might be best suited for reef restoration initiatives.  
 
 Upon having validated the protein biomarker-based BSI, I will work with Taiwan's leading 
microfluidic diagnostic chip laboratory to integrate antibodies raised against bleaching-indicative 
proteins into miniaturized chips such that coral biopsy biomarker concentrations can be measured 
on the dive boat, rather than days (or weeks) later at the laboratory. This will enable the capacity to 
document coral health and bleaching sensitivity while still in the field. The development of the 
coral health microchip will take place after the completion of the project proposed herein (2020) 
and represents the next step towards my 15+year goal of assessing coral health in situ. 
 
Goals and objectives  
 The goal of this work is to uncover the molecular basis of coral bleaching such that a novel, 
biotechnology-driven “bleaching susceptibility index” (BSI) may be developed. This molecular 
biomarker-based system will represent the first proactive means of assessing sub-lethal levels of 
stress in reef corals and will aid us in determining which reefs are most stress-prone prior to more 
visible, late-stage manifestations of severe health decline (e.g., coral bleaching). To develop this 
new technology, which seeks to replace the retroactive, vision-based manner in which we currently 
assess coral reef health, we seek to accomplish the following three specific aims with the model 
coral Pocillopora damicornis (Fig. 1): 
 
-Aim I: Uncover proteins that are 1) only translated by corals that ultimately bleach (experiment #1) 
and 2) only synthesized by bleaching-resistant corals (experiment #2) at Taiwan’s National 
Museum of Marine Biology and Aquarium in order to mathematically and molecularly define the 
protein biomarker-based BSI. These two experiments have already been completed; we now need 
only to analyze the "proteomes" (population of all expressed proteins) of both the bleaching-prone 
and bleaching-resistant coral colonies. 
 
-Aim II: Measure protein concentrations in corals sampled from three reefs spanning a spectrum of 
bleaching resilience, from highly bleaching-susceptible to markedly bleaching-resistant, in the 
Philippines and calculate a BSI for each colony upon comparing the protein profiles to those of the 
Taiwanese conspecifics of Aim I with multivariate statistical approaches; briefly, those Filipino 
corals expressing bleaching-indicative protein biomarkers will be given high BSI scores and are 
predicted to bleach while those synthesizing bleaching-resistance proteins will be given low BSI 
scores and are expected to demonstrate high-temperature tolerance.  
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-Aim III: Re-survey the same Filipino reefs 
during a period of elevated temperature to 
determine if the BSI can predict which corals 
will bleach and which resist this phenomenon. If 
the BSI is proven to have predictive capacity, 
then it could be used 1) in proactive reef 
monitoring endeavors and 2) to identify robust 
coral genotypes/populations for reef restoration 
projects. Upon validation of the BSI, I will work 
with a microfluidics laboratory in Northern 
Taiwan (post-project completion) to integrate 
the coral bleaching biomarkers uncovered into a 
miniaturized microchip that could be used to 
assess coral health in situ. 
 
 This work would allow us to adaptively 
manage coral reef ecosystems by developing 
biotechnology-driven tools that would enable the 
focusing of management efforts on reefs found 
to be at higher risk of bleaching. Also, the novel 
technological approach would establish the 
capacity to identify reefs demonstrating a 
marked degree of resilience within minutes of 
coral sampling. Although corals and the reefs 
they construct will be the direct beneficiaries of 
this project, those millions of Taiwanese and 
Filipino nationals whose livelihoods depend on 
these reefs will undoubtedly benefit from a 
proactive management plan for the targeted 
protection of their local reefs. In addition to the 
societal and conservation impacts of this project, 
it would give me significant opportunities to 
interact with local scientists and students in both 
study countries. Not only do I intend to give 
both scientific and general public seminars in the 
two host countries, but I also intend to maintain 
contact with my Taiwanese and Filipino 
collaborators in the coming years to further 
explore ways we can work together to 
understand how corals will respond to the 
changes in their abiotic milieu that will come to 
pass over the coming decades. From my C.V., 
you will hopefully conclude that the majority of 
my time over the past two years has been dedicated to conservation and public outreach, and I 
intend to uphold this service-oriented mentality over the course of this project. 
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Methodology details  
 
 Aim I. I possess coral samples that bleached upon exposure to an experimentally elevated 
temperature (temp; 31.5ºC; exp. #1; Mayfield et al. 2013a), as well as conspecifics that resisted 
high-temp. bleaching (30ºC) in a different study (exp.#2; Mayfield et al. 2011), and I will use 
Thermo Scientific’s tandem mass tag (TMT™) reagents to sequence the proteomes of the following 
30 coral samples with a Q Exactive™ mass spectrometer (MS): 1) 3 samples maintained at control 
temp.+3 bleached samples at each of three sampling times (1, 7, & 14 days; exp.#1; n=18) and 2) 3 
samples maintained at control temp.+3 samples that resisted high-temp. bleaching at each of two 
sampling times (2 & 36 weeks; exp. #2; n=12). This quantitative approach will allow us to uncover 
which proteins underlie the coral-Symbiodinium bleaching response (exp.#1), as well as which are 
responsible for bleaching tolerance (exp.#2). Then, we will possess to capacity to mathematically 
establish a “bleaching susceptibility index” (BSI), in which corals are scored along a spectrum from 
highly bleaching-prone (BSI=0.8-1) to bleaching-resistant (BSI=0-0.2) based on their protein 
profiles. This work will be undertaken at NMMBA with Drs. Chii-Shiarng Chen and Pi-Jen Liu, 
with whom I have worked before on projects related to the environmental physiology of corals (e.g., 
Mayfield et al. 2012a, 2013b). 

 
 Aims II-III. In Nov. 2018, I will travel to the University of the Philippines-Los Banos 
(UPLB) to meet with renowned coral reef ecologist Dr. Victor Tizcon, who is part of a Department 
of Environment and Natural Resources-funded project whose main initiative is to document the 
efficacy and utility of marine protected areas (MPAs) within “National Integrated Protected Areas 
System” (NIPAS) sites throughout the country. My proposed work will seek to fit within his own 
project by determining the bleaching susceptibility of pocilloporid corals at three NIPAS sites (Fig. 
1): Guiuan Protected Seascape (highly impacted due to overfishing and poorly regulated coastal 
development and featuring a high percentage of bleaching-prone colonies), Catalagan/Anilao 
(moderately impacted, relatively well studied, and characterized by corals spanning a spectrum of 
bleaching susceptibility), and Apo Reef National Park (one of the world’s most remote and best 
protected reef ecosystems; hypothetically featuring a higher abundance of bleaching-resistant 
corals). Pocillopora damicornis is present at all sites (Veron 2000), and I am currently establishing 
a memorandum of understanding between NMMBA and UPLB in order to secure a coral sampling 
permit from the Filipino Bureau of Fisheries and Aquatic Resources (BFAR).  
We will deploy permanent transects at duplicate depths within five replicate stations within each of 
the three field sites, sample 5-10 P. damicornis colonies on each transect, and tag sampled colonies 
so that they can be re-sampled during periods of high temp. (see below.). We will also document 
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coral cover, fish biomass and diversity (with the help of the second Filipino team member, Dr. Badi 
Samaniego), and collect abiotic data (e.g., temp.). Biopsies (~50 mg) from each of the ~300 
sampled colonies will be collected under the aforementioned BFAR permit, preserved in 
RNALater®, exported to Taiwan under a CITES permit, and processed as processed as described in 
my prior works (Fig. 2; Mayfield et al. 2010, 2012b, 2013d, 2014b, 2017a-b, 2018; Aim II). Briefly, 
I will use TMT+MS to profile the proteomes of a subset of ~30 samples to determine if they were 
over-expressing proteins known to be associated with bleaching (high BSI score) or, in contrast, 
bleaching resistance (low BSI score; identified in Aim I). I will return to the three field sites when 
temps. peak (Sept. 2019) to determine whether those colonies previously characterized by high BSI 
values are more likely to bleach upon high-temp. exposure than conspecifics characterized by 
“resilient” molecular signatures (Aim III). 
 
Methodology Justification  
 I recently uncovered that there is no correlation between gene expression and protein 
concentration in reef-building corals or their endosymbiotic dinoflagellate populations (Mayfield et 
al. 2018). As such, widespread transcriptome profiling efforts by those in the coral reef biology 
field (myself included) have not greatly improved our understanding of coral bleaching, or, more 
generally, the coral response to global climate change-simulating conditions. Furthermore, two-
dimensional (2D) gel electrophoresis, followed by mass spectrometry (MS)-based sequencing 
(“2D+MS”) of unique protein spots found only in gels of one treatment and not the other (the 
original proteomics approach), has only led to the generation of semi-quantitative datasets with 
respect to the coral proteomic response to high temperatures (Mayfield et al. 2018); within each 
peptide spot sequenced in this published work, I uncovered dozens of different proteins. This means 
that the signal intensity (i.e., concentration) could not be directly linked to any one protein. Are we 
to 1) understand how corals bleach and 2) develop proactive, pre-bleaching coral health assessment 
biomarkers, we instead require strictly quantitative information on coral protein concentrations. By 
using Thermo Scientific’s "tandem mass tag" (TMT) protein labeling approaches in conjunction 
with MS and customized bioinformatic scripts (known as "MS-SCAN") that I have implemented on 
my Pocillopora damicornis transcriptome+proteome server 
(http://symbiont.iis.sinica.edu.tw/coral_pdltte/static/html/index.html#home), we could acquire such 
quantitative proteomic data and finally determine which proteins (of both host coral and 
Symbiodinium origin) are involved in coral bleaching (experiment #1) and, in the case of 
experiment #2, bleaching resistance. The molecular basis of reef coral bleaching has eluded the 
coral reef biology field for decades, and these data will directly address this topic. Furthermore, 
those proteins only synthesized by corals that ultimately bleached will be used to mathematically 
establish a biomarker-based bleaching susceptibility index that will be field-tested in the 
Philippines. Details of the protein extraction, TMT-labeling, nano-liquid chromatography, MS, and 
bioinformatics analyses can be provided upon request given limited space in the "Methodology 
details" section. 
 
     It should be noted that other coral biologists have attempted to use molecular biology-focused 
approaches (including protein biomarkers) to assess coral health (e.g., Downs et al. 2000); however, 
these works failed to demonstrate that the antibodies employed were actually specific to the coral 
host (and not antigens of the in hospite Symbiodinium populations); furthermore, the authors did not 
normalize their protein concentration data within an endosymbiosis-tailored framework. Others in 
the coral biology field (e.g., Paul Long) have also failed to consider the dinoflagellate proteins in 
their proteomic analyses and associated bioinformatic pipelines. However, as my Hawaiian and 
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Taiwanese colleagues have spelled out in great detail for nearly a decade now (Mayfield et al. 
2009), are we to understand how coral-dinoflagellate endosymbioses respond to climate change (or 
any environmental challenge for that matter), we must observe the behavior and physiology of both 
the anthozoan hosts and their intra-gastrodermal algae. Therefore, the work proposed herein would 
be the first that considers how both members of this mutualism are affected at the protein-level by 
elevated temperature exposure. It would also be the first project that would attempt to field-test a 
biomarker-based coral diagnostics system; there is currently no such capacity or technology for 
assessing coral health that is characterized by predictive capability with respect to future declines in 
coral health. Such a diagnostics approach is of urgent need given the plethora of threats facing these 
high-biodiversity marine ecosystems. 
 
Summary of outputs and results 
 The first aim of this proposal is to uncover the molecular basis of reef coral stress tolerance 
(or lack thereof). This question of why certain coral-dinoflagellate endosymbioses disintegrate in 
response to prolonged or extreme environmental change, whilst others do not, has perplexed us, as a 
field, for decades, and, given significant advances (and diminishing prices) in molecular biological 
technologies, I feel strongly that we are on the verge of finally uncovering the suite of proteins 
underlying coral bleaching, as well as those proteins responsible for the ability of other corals to 
resist this lethal phenomenon. In addition to elucidating the molecular underpinnings of coral 
bleaching (Aim I), I propose to generate herein the first proactive means of determining bleaching 
susceptibility (Aims II-III); such a protein biomarker-based "bleaching susceptibility index" (BSI) 
assay will allow us to identify physiologically compromised corals within a timeframe in which 
managers could mitigate the extent of local stressors and therefore promote coral resilience. Such 
amelioration could entail long-term (multi-month) efforts to improve water quality from nearby 
human habitations or fast-acting measures such as the closing of the threatened reef system(s) to 
fishing, which would foster coral resilience by reducing growth of competitive algae over a days-
weeks timescale. In addition to these conservation-oriented goals, findings will be 1) published as 
high quality manuscripts in respected journals (see C.V. for typical journals targeted.), 2) posted on 
my personal website (http://coralreefdiagnostics.com), and 3) presented at the 14th International 
Society for Reef Studies meeting in 2020 (Bremen, Germany). 
 
    Traditionally, reef coral samples (i.e., biopsies) are taken from the field back to the laboratory, 
where they may be analyzed days, or even weeks, later. Although the health-related data from such 
coral samples would still be valuable (e.g., Mayfield et al. 2017a-b PLoS ONE), it might still come 
too late to benefit the colonies from which the samples were taken. Indeed, we are reaching the 
point where coral bleaching events are beginning to occur annually, and there is consequently an 
urgent impetus for us to not only develop coral diagnostic technologies such as those proposed 
herein, but, more specifically, to fabricate those that will give us a result within minutes-hours 
(rather than days-weeks). For this reason, I am currently collaborating with the premier molecular 
diagnostics laboratory in Taiwan, the "Microfluidic Biochip Lab" (MBL) of Prof. Gwo-Bin Lee 
(National Tsing-Hua University). Briefly, the MBL 
(http://mbl.pme.nthu.edu.tw/english/eLeeGB/LeeGB.php) develops microchips for human health 
assessment that can, for instance, detect the presence of a harmful bacterium in a human biopsy 
within minutes. Traditionally, we would have had to employ culture-based approaches and wait for 
several days to know which bacteria were infecting an individual, but, with their revolutionary 
technological breakthroughs (e.g., Yu et al. 2014 Lab on a Chip), we can diagnose various 
infections and cancers within minutes. As such, once we identify proteins that are tightly linked to 
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future declines in coral physiological performance (e.g., bleaching) as part of this proposal, I will 
work with the MBL to miniaturize the protein-based BSI assay by integrating it into a microchip. 
With such a coral health diagnostics chip, we would simply need to 1) transport a coral biopsy back 
to the dive boat, 2) scrape off some coral tissue, 3) inject the tissue into the customized microchip 
featuring antibodies raised against proteins only expressed by corals that bleach, and 4) wait several 
minutes for a response (e.g., a colorimetric change). Dr. Lee believes an additional year would be 
required to create the proposed BSI microfluidic chip, meaning that we may have the capacity to 
diagnose coral health in situ as soon as 2020. 
 
 I will publish all results in open access journals and on my personal website 
(http://coralreefdiagnostics.com) such that any interested individual has access to all data generated 
(e.g., gene expression levels, protein profiling results, images of the sampled Filipino coral 
colonies, etc.). In fact, I will 1) post all conservation-targeted data on my personal website and 2) 
alert NGS of such findings well before the respective manuscripts are published. The reason for 
doing so is because it can take months or even years to publish a scientific manuscript; during that 
time period, the bleaching-prone coral colonies likely to be identified herein will have already 
bleached and died. In other words, while I do intend to publish all coral molecular physiology data 
to emerge from this work in highly respected journals (as I have done in the past; see C.V. for 
details.), it will be more important for the sake of coral reef conservation to ensure that managers at 
the Filipino field sites are alerted as to the state of their reefs as soon as the data are rigorously 
analyzed. Data will be shared with coral reef managers through email, DropBox, or similar 
programs. I will also archive data (at cost) on the open-access website "dryad.org," which I have 
used previously as a repository for coral health and image data from the South Pacific (e.g., 
https://datadryad.org//resource/doi:10.5061/dryad.6vj6n). Also, I am an advocate of data 
transparency and am currently working with the statistical software company JMP (NC, USA) to 
make interactive data plots both on my own website and in manuscripts so that interested 
individuals can recreate the same figures that I make (and therefore gain greater confidence in the 
analysis and results).  
 
     As a more tangible deliverable, I will work with a microchip development laboratory in Taiwan 
(described above) to manufacture small (5-6 cm) microfluidic chips featuring custom assays that 
target the proteins found to be indicative of bleaching sensitivity (the "bleaching susceptibility 
chip") at the culmination of this project (i.e., after validating the efficacy of the associated 
"bleaching susceptibility index"). Although I do not intend to profit from this endeavor, we may 
need to sell the chips at-cost, especially since the microchip lab is non-profit and affiliated with the 
state-run National Tsing-Hua University (the second highest-rated university in Taiwan). In fact, 
my colleagues and I are agreeable to NGS wanting to commercialize the technology; we simply 
hope that as many people as possible will have access to the bleaching susceptibility chip, and I fear 
that the two "Coral Triangle" countries with the most to lose with respect to their coral reef 
ecosystems, the Philippines and Indonesia (both of which collectively comprising the world's 
epicenter of coral reef biodiversity), will be those LEAST likely to employ such technologies given 
their general lacking of funds for scientific research and conservation. Although 1) the Filipino 
government has taken measures to protect some of its most precious coral reefs in the form of 
marine protected areas and 2) numerous coral reef surveys have been carried out around the country 
by well-known coral reef researchers such as Drs. Victor Tizcon and Badi Samaniego (team 
members #3-4) and members of the Marine Environment and Resources Foundation (a non-profit 
group working with the University of the Philippines' Marine Science Institute in Manila), there is 
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nothing known about the physiological condition of Filipino corals. Compared to Western nations 
such as the United States, the Filipino government has limited funds available for molecular biology 
research and reef diagnostics development; as such, NGS is in the unique position to support the 
first project focused on coral health and bleaching to be carried out in the country, one that will 
result in first ever means of detecting bleaching susceptibility on a proactive timescale. 
 
 An entire third of this project (i.e., Aim III) will be dedicated to evaluating the experimental 
results. As described above, coral colonies will be tagged at multiple locations and depths at each of 
three sites across the Philippines (each of which being characterized by differing degrees of human 
impact and coral bleaching susceptibility). Then, "tandem mass tag" (TMT) protein labeling+nano-
liquid chromatography (LC)+mass spectrometry (MS; TMT-LC-MS/MS) protein biomarker 
profiling will be carried out as described above with a subset of the sampled Filipino Pocillopora 
damicornis colonies. Briefly, it will be prohibitively expensive and incredibly time consuming to 
perform TMT-LC-MS/MS for all ~300 collected samples. Therefore, a series of messenger RNA 
(mRNA)-targeting assays will first be performed at Taiwan's National Museum of Marine Biology 
and Aquarium to identify ~30 outliers (sensu Mayfield et al. 2017a-b PLoS ONE); such aberrantly 
behaving corals may be those most likely to either bleach or demonstrate a marked degree of 
bleaching resistance. I will use TMT-LC-MS/MS to profile the proteomes of this subset of putative 
outliers to determine if they were over-expressing proteins known to be associated with bleaching 
(the proteins identified in experiment #1 of Aim I) or bleaching resistance (those identified in 
experiment #2 of Aim I). Those corals translating large quantities of bleaching-indicative proteins 
will we be given high bleaching susceptibility index (BSI) scores and are predicted to bleach during 
periods of elevated temperatures. Alternatively, if corals sampled at the cooler (Nov. 2018) 
sampling time instead over-express proteins known to be diagnostic of bleaching resistance (upon 
comparison to samples of experiment #2), then these coral colonies will be given low BSI scores 
and are expected to resist bleaching at the high-temperature sampling time. 
 
 We will return to the same field sites in Sept. 2019 (when temperatures typically peak) to 
determine the diagnostic capacity of our biotechnology-based assay. If corals with high BSI scores 
bleach, whereas those with low scores do not, we will have verified such capacity and can proceed 
to not only publish the associated manuscripts, but, more importantly, alert government officials of 
this capacity, as well as of our findings. For instance, if we find that a high percentage of corals on a 
particular reef are bleaching-prone based on their biomarker signatures, yet they have not yet 
bleached, managers could be alerted to attempt to promote coral resilience by, for instance, closing 
down the reef to fishing; doing so would diminish the likelihood of algal overgrowth of corals 
(since herbivorous fish would become more abundant). Upon validation of the BSI, I will work with 
a microchip lab (discussed above) to miniaturize and expedite the coral diagnostics process to 
where it can be employed in situ. Then, we will have coral health data within minutes of bringing 
the coral biopsies to the dive boat.  
 
 If, on the other hand, those corals with high BSI scores are statistically no more likely to 
bleach than conspecifics with low bleaching susceptibility scores, then we will instead use our 
differential+quantitative proteomics approach to uncover and characterize the proteins underlying 
such resilience. Furthermore, as we are sampling corals from three sites that vary considerably in 
anthropogenic impact, it is possible that their cellular behavior with respect to temperature increases 
may differ from those of the experimental corals of Taiwan, as well as from each other. It may turn 
out, for instance, that a universal "bleaching susceptibility chip" is impractical or over-simplistic; 



	 9	

instead, the biomarker-based assay may need to be modified to account for additional human 
impacts (such as levels of certain pollutants). This proposal will provide valuable insight as to 
whether or not such environmental "tailoring" of the proposed microfluidic chip is required. 
 
External capacity development  
 This work would not only allow us to focus management efforts on those reefs found to be 
at higher risk of bleaching, but the biotechnology-driven "bleaching susceptibility index" proposed 
to be developed would also enable us to identify markedly stress-tolerant reefs; one could argue that, 
alternatively, these resilient ecosystems should instead be prioritized for conservation. Although 
corals and the reefs they construct will be the direct beneficiaries of this project, those millions of 
Taiwanese and Filipino nationals whose livelihoods depend on these reefs will undoubtedly benefit 
from a proactive, adaptive management plan for the targeted protection of their local reefs. In 
addition to the societal and conservation impacts of this proposed work, it would give me 
significant opportunities to interact with local scientists in both study countries. Not only do I 
intend to give both scientific and general public seminars in both locations, but I also intend to 
maintain contact with my Taiwanese and Filipino collaborators in the coming years to further 
explore ways we can work together to understand how corals will respond to the changes in their 
abiotic milieu that will occur over the coming decades. I discuss additional such Taiwan-Philippines 
interactions below. 
 
 It will be particularly important to convey our findings to not only other scientists in our 
field, but also to students, government officials, and marine managers; the latter individuals will 
ultimately be the ones who will enact positive changes geared at promoting coral resilience in the 
reef ecosystems surveyed as part of this project, as well as those elsewhere in the high-biodiversity 
“Coral Triangle” region within which these two East Asian nations (Taiwan and the Philippines) are 
located. Additionally, we will reach out to local coral reef restoration teams, such as those led by 
Prof. Edgardo Gomez (University of the Philippines-Marine Science Institute), in order to explore 
ways in which we can use the BSI proposed to be developed herein to monitor the health of 
currently farmed corals, as well as to identify bleaching-resistant populations that may best 
constitute the genetic material for future coral restoration efforts in the Coral Triangle. The 
Philippines is, in fact, amongst the world leaders in coral reef restoration. 
 
 As a requirement of the Filipino Bureau of Fisheries and Aquatic Resources permitting 
system, a memorandum of understanding (MOU) must be established between the two participating 
institutes, Taiwan's National Museum of Marine Biology and Aquarium (NMMBA) and the 
University of the Philippines-Los Banos (UPLB). Not only will the establishment of such an MOU 
facilitate the acquisition of the coral sampling permits, but it will also promote greater academic 
and intellectual exchange between the two institutes. In a semi-recent political move to lessen the 
economic reliance of Taiwan on China, the Taiwanese president, Ing-Wen Tsai, has been actively 
promoting and funding projects to be carried out in Southeast Asian nations, including Thailand and 
the Philippines. Given 1) such active governmental support and 2) the NMMBA-UPLB MOU 
(which has already been drafted and is currently awaiting endorsement by the respective institutes’ 
presidents), exchange of graduate students and faculty members between NMMBA and UPLB will 
be fostered. While I am at UPLB, I will interact with not only Dr. Tizcon and his graduate students, 
but also others in the Animal Biology Division, and during such interactions, I will both share my 
knowledge of marine biology and encourage the students to pursue projects (or entire degrees) at 
NMMBA or elsewhere in Taiwan. Indeed, this NMMBA-UPLB relationship may inspire other 
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Taiwanese and Filipino research institutes and universities to initiate collaborations, especially 
given the geographic proximity and consequent similarity in the marine environments (particularly 
with respect to species assemblages). 
 
 Data analysis (not enough space to mention in proposal): We will compare the protein 
profiles of field-sampled Pocillopora damicornis coral colonies to those of the Taiwan-based 
aquarium experiments using permutational analysis of variance (PERMANOVA) followed by data 
depiction with multi-dimensional scaling. This multivariate statistical approach will allow us to 
visualize whether the overall protein profiles of the field colonies are more similar to those of 
bleaching-tolerant corals or bleaching-prone ones. 
 
Budge 

Item Cost NGS? Contribution from 
Fulbright/colleague(s) 

Requested from NGS 

Flights 5150 Yes 3750 1,400 
Rental car Na Na Not needed Not needed 
Gas 100 Yes 0   100 
Boat 2700 Yes 0 2700 
Lodging 700 Yes 0  700 
Food 500 Yes  0  500 
Dive insurance 300 Yes 0  300 
SCUBA tank rental 1500 Yes 0 1500 
Sontek Castaway CTD 6000 Yes 2000 4000 
Light/temp loggers 1700 Yes 0 1700 
Misc lab reagents 3000 Yes 0 3000 
Protein sequencing 7100 Yes 750 7100 
Live aboard to Apo Reef 7000 Yes 0 7000 
 Total from Fulbright/other sources 6500 (plus salary during 

tenure)sw_ 
 Total from NGS 30000 
 Total project budget 36500 
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