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Executive Summary
RSG funding received from 2014-2016 has allowed me to characterize 13 reefs across
Belize based on thermal variability. Near shore sites with hotter temperatures and more
variability were the least diverse. Coral cores from nearshore and offshore sites revealed
that nearshore corals grew faster in spite of worse conditions suggesting increased thermal
tolerance in corals at these sites. A reciprocal transplant experiment was initiated in
December 2017 to monitor physiological responses of corals from nearshore and offshore
reefs as they are exposed to new environments. Knowledge gained will allow us to better
understand the mechanisms of coral thermal tolerance.
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Previous Work

As an undergraduate I wrote an honors thesis on the effects of single and repeat bleaching
on the physiology of corals from the Mesoamerican Reef. Our study site was in Puerto
Morelos, Mexico. I spent a summer in the field working on manipulative tank experiments
and performing physiological measurements (photosynthesis, respiration, feeding rate,
types of zooplankton captured, etc). This project was a large-scale, NSF funded
collaborative field experiment with researchers from the University of Delaware. The
overall scope of the project was to determine the effects of repeated annual bleaching of
corals in the Caribbean. 
Following completion of my undergraduate degrees, I continued working in the coral
physiology field. I stayed at Ohio State for a Master's and worked in the same lab. We
began a two year ocean acidification experiment examining the effects of OA,
temperature, and nutrient treatments on corals from the Pacific. This experiment was
conducted in a large-scale tank setup that we constructed in Ohio and was a collaboration
between OSU, The University of Delaware, and The University of Georgia. I assisted with
construction and setup of tanks and the experimental design, as well as day to day
maintenance, measurements, and undergraduate mentoring.

In addition to this ocean acidification project, I also worked on my MS thesis project that
examined the acquisition and allocation of carbon to lipids of bleached and healthy
Hawaiian corals. This study was lab work intensive and I spent countless hours extracting
lipids from coral samples and analyzing them using a stable isotope ratio mass
spectrometer. The paper is currently in the review process. 

As a PhD student at UNC Chapel Hill, I have been conducing research focused on
understanding how coral individuals and communities as well as their associated symbiotic
communities cope with stress. I focus mainly on temperature stress but am working on
metrics to incorporate pollution, nutrients, and sedimentation into my work. Thanks to
previous Rufford grants I was able to classify areas of the Belize Mesoamerican Barrier Reef
System (MBRS) into three groups based on thermal parameters (max temp, annual temp
range, etc). Keeping depth constant, near shore reefs were classified as the hottest and
most variable and the back reef and fore reef were coolest and least variable. Patch reefs
between back reef and near shore fell somewhere in the middle. Interestingly, the coral
communities on the patch reefs and back reef were about the same. However, nearshore
reefs showed less coral diversity (on average) and lower coral cover than this their more
offshore counterparts. This difference is thought to be caused by the interaction of a
number of factors including temperature, sedimentation, and nutrients. 
Follow up work examined the growth rates of corals on on near shore and offshore reefs on
the Belize MBRS. We collected over 130 coral cores from two different species across a
host of sites on the Belize MBRS including paired nearshore and offshore sites.
Surprisingly, we found that corals of both species grew faster on nearshore reefs than on
offshore reefs in spite of living in conditions that we generally consider to be less ideal. We
are currently exploring explanations as to why this trend occurs. Presently, we suspect that
a slightly warmer temperatures on nearshore reefs actually boosted metabolism in these
corals, allowing for faster growth (there is evidence of this on other reefs around the
world). However, we also note that growth rates are declining on nearshore reefs but not
on offshore reefs, suggesting that conditions on nearshore reefs are no longer suitable for
this faster growth. Essentially, whatever advantage the corals had is now lost. We suspect
that this is due to increasing temperatures, acidification, and possible local impacts like
increased sedimentation or nutrient input. 
We were also curious what impact the Symbiodinium communities inside of these corals
may have on thermal tolerance and growth so we collected DNA samples from 4 coral host
species at 13 sites. We found that Symbiodinium communities were really only different
between near shore and offshore reefs in one species, Siderastrea siderea. Thus, it is



possible that the symbiont shapes some of the thermal tolerance of this species of coral,
but does not necessarily play a strong role in other species on the Belize MBRS. 
This leads to my current work. We are seeking an explanation for faster growth on
nearshore reefs. Is the symbiont playing a strong role? Do the abiotic conditions explain
everything, or are the corals adapting or acclimatizing to local conditions?
To answer these questions I have begun a reciprocal transplant experiment between near
shore and offshore reefs in Belize thanks to a Rufford Booster Grant.

Current Work

I am presently working on the final chapter of my PhD Dissertation at UNC Chapel Hill. It is
a continuation of three successful years of Rufford funded research. During the past three
years I have learned that near shore massive corals in Belize grow faster than offshore
ones in spite of living in warmer, more variable, and likely higher nutrient and sediment
conditions. All of these factors are considered to be negative to coral health, indicating
that some degree of thermal or environmental tolerance may have been granted to these
near shore corals. Increased resilience is generally thought to be acquired through
acclimatization-- essentially a phenotypic change or adjustment to environmental
conditions over the lifetime of a single organism, or adaptation-- genetic change over
multiple generations. 
To determine if increased resilience occurs in near shore corals, I am conducting a
reciprocal transplant experiment between near shore and offshore reefs in Belize. 6
colonies of 2 species of major reef-building corals were collected in December 2017. These
corals were fragmented into 13 smaller pieces, 1 of which was collected as a time 0
control. 6 pieces of each corals were left on the home reef (where we collected the colony)
and the other 6 were transplanted to either near shore or offshore. Corals were
photographed and weighed after cutting. We will track changes in growth through surface
area estimation and change in weight over time by taking time point measurements of
weight and surface area after 3, 6, and 12 months. We will also monitor changes in a suite
of physiological parameters (energy reserves, symbiont density, etc...) by collecting and
freezing one fragment of each colony from near shore and offshore at each time point (3,
6, and 12 months). 
Monitoring changes in transplanted corals over time and comparing with corals that were
not transplanted will allow us to assess whether acclimatization to environmental
conditions is occurring in our study species. Comparisons between near shore and offshore
corals will allow us to determine if near shore species are better able to acclimatize. This is
a hotly debated issue and one of massive implications. Corals subjected to more variable
conditions are thought to accrue higher tolerance to variations. As the climate changes
and human populations grow, coral reefs in the Caribbean will face new and additional
stressors from temperature, ocean acidification, and direct human impacts. Corals that are
best able to cope with variation will be in the best position to succeed.

Future Plans

I plan to continue to study the acclimatization and/or adaptation ability of corals from the
warmest and coolest areas of the Belize Barrier Reef System via a field-based reciprocal
transplant experiment as described above. In addition to this, I am attempting to develop
and test methods that allow for 3-dimensional modeling of coral reefs using a simple GoPro
video. This modelling will allow myself and others to quickly survey a reef without doing
any physical damage, identify corals, calculate percent cover, and determine the structural
complexity of the reef. These methods are being developed all over the world and would
be extremely useful to the coral reef science community if they can be validated. 
I am also investigating the prevalence of microplastics on coral reefs. Using archived coral
samples from my own work and the work of many others, including the US Geological
Survey, I will be quantify microplastic abundance in corals from reefs in the Caribbean and
Pacific. I will also attempt to identify the microplastics and track a likely source of each
plastic in order to better understand which practices are causing the most plastics to end
up on reefs. This will allow local and international managers and conservationists to seek
alternatives to these plastic products and prevent them from entering the ecosystem.
Plastics pose a risk to corals as coral digestive tracts can be physically blocked by plastic
and plastic can give a false feeling of satiation, leading to starvation. Additionally, new
research suggests that in the presence of microplastics and natural food, corals actually
prefer to ingest plastics. This experiment will show the historical rate of change in
microplastic abundance on reefs through time and will set up a modern day baseline of
microplastic abundance on coral reefs.



Organisation

The University of North Carolina at Chapel Hill

Introduction to RF

Recommendation from advisor (Karl Castillo) and committee member (John Bruno)

RF Conferences
I attended an RSG regional conference in Belize in 2017.

1. Background

1.1 The Origin of Your Work

Understanding coral stress-response will allow us to predict how reefs of the future may function
and how to best manage these vital resources both today and into the future. Additionally,
determining which corals are poised to be resilient or recover from environmental stress events
will allow us to know which corals and which reefs are better suited for protection. Over the past
3 years, I have examined how thermal parameters influence coral and associated Symbiodinium
communities on the Belize Mesoamerican Barrier Reef System (MBRS). Results revealed that
symbiont communities are not necessarily influenced by thermal history and that stress-tolerant
and weedy coral species are more common in warmer and more thermally variable environments
relative to competitive coral species. Interestingly, two species of stress-tolerant coral express
increased growth rates on near shore, warmer reefs than on offshore reefs. This is surprising, as
near shore reefs tend to have higher sediment and nutrient inputs and these reefs are also
warmer and more thermally variable than offshore reefs. These results suggest that the corals
may have increased thermal tolerance through acclimatization to environmental conditions or
through adaptation. I propose a reciprocal transplant experiment to assess the acclimatization
potential in two major reef-building corals.

1.2 The Contribution of Your Work

As the climate continues to warm and the world’s populations continue to grow, coral reefs are
suffering due to a multitude of stressors. It has become increasingly important to understand
how corals will cope with a changing climate. As reefs worldwide continue to degrade, scientists,
environmentalist, and managers must establish a greater understanding of how reefs will
respond in order to protect these resources and the biodiversity harbored within them.
Investigating the acclimatization potential of corals from near shore and offshore reefs that are
exposed to differing thermal regimes and degrees of local stress will further our knowledge of
coral resistance and resilience to temperature stress (and potentially local stress) in the
Caribbean and beyond. This project is entering its fourth year and our published data show that
thermal regime impacts both coral and associated Symbiodinium community structure in Belize.
In addition, analysis of coral cores has shown that in spite of more stressful conditions, near
shore corals of our study species’ grow faster than their offshore counterparts. This finding goes
against conventional wisdom but may suggest that some near shore corals are becoming more
stress tolerant due to adaptation or acclimatization. Our reciprocal transplant experiment will be
the first of its kind on our two study species, which are two of the most widespread reef-builders
in the Caribbean. Understanding how they respond to stress is paramount in ensuring their
protection and the existence and growth of coral reefs in the Caribbean region in the future. We
also hope to utilize our collected coral colonies to uncover some of the mechanisms behind coral
resilience through investigation of changing physiology over time. Furthermore, if we are able to
identify reef areas that are able to host viable ecosystems in the future as conditions change,
perhaps we can better preserve coral reefs.

2. Project Activities

2.1 Project Site

This project will continue to be conducted in Belize. Belize is home to 80% of the Mesoamerican
Barrier Reef System (MBRS). We are partnering with a Belize-based NGO called "Fragments of
Hope" to continue work on this project. Fragments of Hope is based in Placencia, Belize, which is



where we will make our home base during this reciprocal transplant project. 
We are transplanting corals between a near shore reef and an offshore reef. Our near shore reef
site is False Caye, just north of Placencia. Our offshore reef site is the Silk Cayes, about 20km
east of Placencia. We have deployed temperature loggers at each site to track changes in
temperature over the course of the experiment and we will collecting historical data on
temperature, salinity, and light penetration at each site using remote-sensing products. False
Caye contains the reef that is nearest to Placencia, which is a major tourist destination in Belize.
It is also near several major rivers and is likely subjected to high levels of local stress. The Silk
Cayes are some of the most pristine reefs in Belize and are part of a marine protected area. They
are also a major tourist destination. Protecting and conserving these reefs is of economic and
cultural significance to Belize. Our work will help understand how corals from these reefs are
responding to stress and how the structure and function of these reefs may change in the future.

2.2 Fieldwork

The reciprocal transplant experiment began in December 2017 thanks to a Rufford Booster
Grant. Fieldwork associated with this project will occur in March, June, and December 2018. Each
field trip will be 1-2 weeks. During each trip I will remove algae from transplant tiles, weigh, and
photograph each coral fragment. I will also collect 1 fragment from each colony at each site for
laboratory analysis. 
I will also assist Fragments of Hope with coral outplanting and restoration work as needed.

2.3 Activities and Timescale

Key Activities:
1.) Buoyant weights of all coral fragments in the experiment. 
Buoyant weights are conducted in the field. Corals will be collected from the transplant site,
cleaned of all algae and fouling organisms, and buoyantly weighed. This technique removes the
weight of any tissue or fouling organisms that is less dense than water, as the corals are weighed
in water on a suspended hook attached to the underside of a balance. This means we are
essentially weighing skeletal growth, or calcification. Buouyant weights of all 288 coral fragments
(across 2 sites) will occur over 4 days at each time point. Initial buoyant weights were taken in
December 2017, and I will conduct buoyant weights in March, June, and December 2018. 
2.) Surface area quantification. 
The surface area of live coral tissue on each experimental fragment will be tracked over the next
year using photography. Each coral is labelled and placed at the transplant site following
weighing. Once secured to the transplant site a photo is taken using a ruler for scale. These
photos can be used to measure the two-dimensional surface area of each coral and determine
the % growth and % mortality of each fragment. Photographs were taken at time 0 (December
2017) and will be taken in March, June, and December 2018. 
3.) Energy reserve and symbiont density quantification. 
Coral lipid, protein, and carbohydrate levels will be analyzed in the laboratory on one fragment of
each colony at each site at each time point. 1 fragment of each colony was collected at time 0
(December 2017) to serve as a baseline control. One fragment from each colony at each site will
be collected in March, June, and December 2018 to track differences in response between
environments. Lipids, proteins, and carbohydrates will be analyzed along with symbiont density
and chlorophyll-a to determine the effectiveness of the symbionts and as a proxy for symbiosis
health. 
4.) Heat ramps and thermal tolerance testing
The thermal optimum and bleaching thresholds for each study species will be examined in June
2018 through a suite of heat ramp incubations. The incubations will allow me to track
photosynthesis and respiration rates of the corals and determine when they are at their thermal
optimum and when they pass it. If these values differ between near shore and offshore reefs it
will provide evidence of variation in thermal tolerance due to environmental conditions.

3. Methods

3.1 Methods to be Used

1.) Buoyant weight.
Buoyant weight is an excepted technique used to quantify coral calcification rates. Most scientific
balances allow for a hook to be hung from the underside of the balance. This hook is suspended
under the balance and allows for hanging weights to be measured for objects that are too large



to fit on the stage of the balance. In this case, the balance is placed over a basin of water and
the hook penetrates the water. This allows weights to be taken in the water. They are called
buoyant weights because the weight of anything that is less dense than water is not included in
the weight shown on the balance. In other words, buoyant material is not included in the
measurement. This lets us weigh the coral skeleton only giving us a reliable and easy to use
proxy for coral calcification. 

2.) Surface area quantification.
Surface area of each coral fragment will be quantified over time through photographs. At each
time point corals will be cleaned, weighed, and returned back to the transplant site (a wire
scaffold placed on a reef). Once each fragment is secured to the site, a top down photo will be
taken with a GoPro camera. Such photos have already been taken for time 0 (December 2017). A
metric ruler will be included in each photo for scaling purposes. Photos will be analyzed in the lab
using ImageJ. Briefly, a photo will be opened in ImageJ, the coral will be outlined, and a scaling
value will be applied based on the ruler. This will allow for quantification of real-world surface
area from the images. As the fragments grow, I will be able to track changes in surface area over
time by taking additional photos at new time points. I will also be able to document mortality,
partial mortality, disease, or algal overgrowth with these photos. 

3.) Energy Reserves.
One fragment from each coral colony at each site will be collected at each time point (March,
June, December 2018-- note that this collection already occurred for Time 0 December 2017).
These collected fragments will be flash frozen and transported to UNC Chapeil Hill for further
analysis. In the lab, the coral tissue and symiont tissues will be separated using a centrifuge.
Symbiont tissue will be used to quantify symbiont density and chlorophyll-a and coral tissue will
be used to quantify lipids, proteins, and carbohydrates. 
Lipids will be separated from bulk tissue using a chlorform:methanol organic extraction and
quantified via wet and dry weights. 
Carbohydrates will be quantified using a phenol/sulfuric acid extraction and spechtrophotometry.
Absorbance of each sample at 490nm will be quantified and compared with a standard curve to
get corrected values. 
Proteins will be quantified via spechtrophotometry of the extracted coral tissue. Values will be
compared to a BSA standard curve to calculate exact values. 

4.) Chlorophyll-a and symbiont density.
Symbiont tissue will be separated from coral tissue as discussed above. A subsample of the
symbiont tissue will be homogenized to break up cells. A subsample of this will be placed on a
hemocytometer microscope slide, allowing for symbiont cells to be counted. Symbiont counts will
occur in tripilicate for each sample and an average of these replicates will represent the
symbiont density of that sample. 
Chlorophyll-a will be quantified using a standard spectrophotometry method. 

5.) Heat ramps.
Heat ramps will be conducted in custom incubation chambers made in Australia by the Coral
Reef Center of Excellence. The incubation chambers allow us to place a single coral into a closed
environment and used dissolved oxygen probes to track photosynthesis and respiration rates in
real-time. We will incubate corals from both near shore and offshore reefs as well as corals
transplanted to new reef environments. During incubation, the heat in the chamber will be slowly
raised in order to see how photosynthesis and respiration respond. A thermal response curve will
be generated. The peak of the curve shows the thermal optimum or each coral.

3.2 Reasoning

1.) Buoyant weights will be conducted because they are a standard measure of calcification and
can be performed in the field. These weights will be our main response variable in this
experiment. 
2.) Photos and surface area: This photographic method will be used for surface area estimation
because it is the only way to assess changes in surface area over time without damaging the
corals. 
3.) Energy reserves: Corals utilize proteins, lipids, and carbohydrates as energy reserves. During
stress, these reserves can be depleted. Measuring changes in these reserve levels over the next
year will tell us if the corals are being exposed to stressful conditions. A coral does not always
bleach under stress and lower energy reserve values can be a predecessor to bleaching.
Elevated energy reserve values indicate a healthier coral. 
4.) Symbiont density and chl-a. Symbiont density is a measure of the health of the symbiotic



relationship between Symbiodinium and the coral host. In general, higher density indicates a
healthier coral. Declining symbiont densities and chl-a are a predecessor for bleaching and an
indicator of declining coral health. 
5.) Heat ramps: Presently, there is little knowledge of the thermal optimum and tolerance limits
for individual coral species around the world. A major topic of research is understanding which
corals are most tolerant and as a result, which corals are likely to survive and dominate reefs into
the future. Understanding which corals are more tolerant can help us learn how to manage
resources into the future. Additionally, we are using heat ramps to identify differences in thermal
tolerance between near shore and offshore corals and between corals placed in their home
environments and those transplanted to new environments. These data will help elucidate
differences in acclimatization or adaptation between the two populations.

4. Conservation Benefits

4.1 Conservation Outputs

Fragments of Hope: We are partnering directly with Lisa Carne and Fragments of Hope (FoH)
during this experiment. FoH provided us with research assistance, expert knowledge, community
researchers, and materials to begin this experiment in December 2017. They have pledged to do
the same in 2018. FoH has 20+ coral restoration tables placed on various reefs throughout
Belize. We are working on two such reefs, including one that was newly installed for our project.
This new table will prove valuable to FoH following the end of this project, as half of our corals
will be given to them for coral restoration work following termination of the experiment. FoH has
yet to cultivate a stock of either species we are working with, so this experiment will lead to
direct expansion of their coral restoration work. FoH will be able to try new outplanting
techniques specific to massive boulder corals. They currently work mostly with branching corals,
so developing these new techniques will allow them to expand their restoration efforts.
Additionally, my team will provide support to FoH for any restoration or outplanting projects that
they wish to conduct while we are in country. We are also actively sharing coral growth data and
working on constructing a database and map of coral growth on the Belize MBRS. Lastly, we
bring specialized scientific equipment with us to the field that is often difficult to procure in
Belize. We have donated some equipment in the past and plan to continue to do so. 
Belize Fisheries: We will work directly with the Belize Fisheries Department to produce annual
reports of our research and we will also submit all of our data directly to them for their own use.
Additionally, we will publish our findings in peer-reviewed journals and will include conservation
and management recommendations.

4.2 Conservation Importance

The proposed research focuses on two species of hard coral (Scleractinian). The entire genus of
Scleractinia is listed in CITES appendix II. Appendix II is a list of species that are not necessarily
at risk of extinction in the present, but may become at risk if trade of these species is not closely
monitored. The two species being studied as part of this reciprocal transplant experiment are the
massive starlet coral (Siderastrea siderea) and the symmetrical brain coral (Pseudodiploria
strigosa). These two species were chosen due to their stress-tolerance and their prevalence as
major, long-live reef builders at all of our study sites in Belize. There are other species present at
many of our sites, including the mountainous start coral (Orbicella faveolata), another major reef
builder. However, O. faveolata is listed on the IUCN Red List and is an endangered species. As
such, we have opted not to include it in this study in the event that there are complications. We
do not want to lower the local population of an endangered species. If our work is successful this
species may be included in future coral restoration work at our sites in partnership with
Fragments of Hope. 
We aim to study the acclimatization ability of corals from nearshore and offshore reefs. We hope
to answer the following questions through this work: Is there evidence of acclimatization to new
conditions in these species? If so, does it differ between corals that are from nearshore or
offshore reefs? Can more variable nearshore conditions breed corals that are better able to
survive in a range of new conditions? 
If we see acclimatization that is a nugget of hope for Scleractinian corals, all of which are at risk
in a future of climate change. If nearshore corals prove better able to acclimate, perhaps
nearshore reefs are in need of more protective status. Presently, nearshore reefs in Belize are not
well protected, as they focus limited resources on preserving the beauty and diversity of the
main reef structure, which is located offshore. However, added awareness and protection of
nearshore reefs may be vital to increasing coral resilience in the region. Our research will also



provide insight into which of our two study species is more resilient, which will help us shape our
understanding of how reefs may change in the near and distant future. This understanding is
vital for managing how we can co-exist with reefs and manage the natural resources that they
provide in a sustainable fashion.

5. Monitoring

5. Monitoring

The success of this work will be monitored in several ways. First, we will be collecting time point
data at 3, 6, and 12 months post-transplant (March, June, and December 2018). These data and
associated field trips will allow us to monitor the status of the experiment over the course of the
year. We will also publish the results of this experiment in peer-reviewed scientific journals. As of
today, two papers related to the first three years of this Rufford-funded project have been
published: Coral community composition impacted by thermal history- https://doi.org/10.1371/
journal.pone.0162098, and Symbiodinium community structure is influenced by host species and
thermal variability- https://doi.org/10.1007/s00248-017-1096-6 . One additional paper focused on
coral growth and calcification is in preparation and should be submitted to journals by March
2018. I will also present findings from this project during my PhD dissertation defense in Summer
2018 and at several international conferences over the next two years (International Coral Reef
Symposium 2020, Ocean Sciences Meeting- annual). I have recently shared my progress at a
Rufford Conference in Belize in November, 2017. These conference presentations allow me to
share my research with colleagues from around the world and receive feedback and ideas from
them. The Rufford Conference allowed me to learn how others in my region are conducting
conservation project and how best to interact with local communities and governments. I was
also able to network with other early career conservationists. In addition to papers and
conferences, I intend to share my work with the public via my ocean science blog
‘UNdertheCblog.’ In 2017 a journalist and professional photographer documented our field work.
She is producing a video highlighting the reciprocal transplant project for the UNC Office of
Research. She is also writing a series of blog posts about the project (https://mlparkermedia.com/
blog/).

6. Your Team and Other Contacts

6.1 Team Description

My research team will consist of myself, John Rippe (fourth year PhD student and science diver),
one UNC undergraduate per trip (will be selected based on merit and experience in our lab), Lisa
Carne from Fragments of Hope (FoH), and two Placencia, Belize based community researchers
trained by TIDE, SEA, or FoH. All team members will be dive certified and experienced in the field
(except for the undergraduate, who may not be). Lisa and the community researchers will be an
integral part of our team, bringing local knowledge of the reefs, years of experience, and
connections to the Belize government and the NGOs who manage the marine protected areas in
Belize. We hope to provide valuable experience and income to the community researchers and to
aide FoH with some of their coral restoration work. We will work exclusively will local captains
and businesses to secure transportation, food, and lodging. We hope to achieve our goals, help
Fragments of Hope achieve theirs, and spark interest and excitement for marine research in the
next generation of scientists during this work.

6.2 Your Skills

My previous experiences in field research (7 field research trips, 4 to Belize) and coral reef
ecology (10 years of research experience) as well as my leadership position as a PhD candidate
in the Castillo Lab have prepared me to lead this team. I have personally organized and managed
3 independent research trips to Belize and am comfortable with decision making under pressure
as well as team leadership. In addition to managing these trips I also managed a team of
bloggers and organize a science outreach event that attracts ~500 participants each year.

6.3 Links



We have also worked directly with Belize Fisheries Department since 2014 to obtain permits. We
also share all of our data and results with Belize Fisheries Department. In 2017, Fisheries put us
in contact with Lisa Carne, the director of Fragments of Hope, a coral restoration NGO. We
partnered with Lisa and her organization to plan and begin the reciprocal transplant project that
we are seeking funding for in 2018. Fragments of Hope trains local community members in
Placencia, Belize in coral restoration, reef monitoring, and conservation. These community
researchers are then able to work with conservation groups and scientists to earn an income.
One of the goals of the organization is to train locals in conservation and provide job alternatives
to fishers or tour guides. We were able to employ 3 such community researchers in 2017 and
hope to work with them again in 2018. Fragments of Hope provided us with coral tables at both
of our field sites that we were able to set up our experimental transplant fragments on in 2017.
They also facilitated collaboration with another NGO, Southern Environmental Association (SEA).
SEA manages the Silk Cayes marine protected area and allowed us to use their ranger station to
section our corals. I was able to network with their director and establish a professional
relationship with the NGO thanks to my partnership with Fragments of Hope. We have a long
term plan to continue working with Fragments of Hope to monitor and map coral growth in Belize
and to continue this reciprocal transplant project. I also hope to work with Fragments of Hope
board member Maya Trotz to recruit students from the University of Belize to get involved in our
work.

Funding

Description
Item
Cost

External
Amount

Rufford
Amount

Car hire to and from airport 1,100 1,100 0

Dry Ice 1,000 1,000 0

Zip Ties, Scissors, and other field equipment 225 225 0

Food (for entire research team and boat captain * 7
days)

2,000 0 2,000

Community Researchers (2 per day *7 days per trip *3
trips= 21 days * 2 people) 1,554 0 1,554

Boats (7 days * 3 trips= 21 days) 7,770 3,885 3,885

Round trip flights for 3 people to and from Belize * 3
trips= 9 round trip flights

4,380 3,450 930

Lodging for 7 days in Placencia Belize * 3 tips = lodging
for 21 days

1,631 0 1,631

Totals: 19,660 9,660 10,000

Notes to budget

Exchange Rate used for calculations: 1 British Pound (Sterling) = 1.35 US Dollars 
Local Exchange Rate: 1 USD= 2 Belize Dollars (fixed rate)

The proposed research will require 3 field trips to the study sites in Belize. I will bring a team of
two field assistants with me and will partner with 2-3 local researchers from Placencia, Belize in
order to complete the proposed work. We will return to our sites to work in March, June, and
December 2018. Research trips are planned to take 1 week, but additional days may be required
due to weather. Length of trip will be altered as necessary on a case by case basis to ensure that
the work can be completed. 

Justification:
**We are planning 3 separate 7 day long trips (21 total days). Costs are estimated based on
previous experience and quotes. 

I will provide lodging and flights for any team members that join me from UNC Chapel Hill to help
conduct this research. 

Boat rental is available to us at a discounted rate due to a partnership we have established with
a local boat company and through our connections with Fragments of Hope. We are budgeting for
7 days of boats during our trips as a precaution. If we finish the work early this will save us



considerable money. But weather conditions are difficult to predict so we must exercise caution
and plan for the worst. Includes SCUBA tank rental. 

As in past years, I will employ local researchers who are already trained and experienced in coral
restoration work and possibly have already worked directly with me or this project. I will pay
them a daily salary commensurate with what they would be paid if they were working as tour
guides or fishers that day. This rate is already agreed upon. 

It is important that I provide food for folks who are assisting me. Each day I will buy lunch, water,
and snacks from a local restaurant to ensure that my team is fed and healthy. I will also cover
meal costs for team members that travel to the field with me from UNC Chapel Hill as I have
done in past years. 

Our supplies budget is rather low this year because we already have most of the tools we need
to complete this project. We just need some disposables like zip ties and perhaps a few tools.
Annual dive gear servicing is also included in this line-item. 

Dry ice is necessary for successful flash freezing of our coral samples. The reported cost close to
3 times the amount spent during my 2017 trip.

External funding

I am applying for external funding through the PADI Foundation. PADI funds underwater field
research that is focused on SCUBA diving. Since our entire experiment is underwater and we will
spend several hours each day underwater, I think this project has a great chance to be funded.
PADI allows proposals for projects up to $20,000 USD but generally funds smaller projects with
costs at or below $10,000. I will be applying for $10,000 from PADI. 

I am also applying for funding through the UNC Institute for the Americas Dissertation Fellowship.
This program funds PhD dissertation research for students studying in central and south America.
I will be applying for the maximum allowed amount of $4000 USD. 

I have applied for both grants in the past so I am familiar with the process. In the event that I do
not receive adequate funding from these sources I will actively seek additional funding.
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