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Rufford Small Grant

Request for Referee Statement
Title of Application: Characterizing coral acclimation on the Belize Barrier Reef System using
thermal history and holobiont physiology: Implications for Climate Change

Name of leader: Justin H Baumann

The individual named above has applied for a Rufford Small Grant. We would be grateful if you could
give the Selection Panel your candid opinion about the applicant and work indicated above. Your
reference will be one of the key factors we take into account when assessing the
application. 

Background to the Rufford Small Grants

The Rufford Foundation seeks to fund people whose work makes a pragmatic, substantial and long-
lasting contribution to nature conservation. Such work often includes other elements such as
sustainable development, public education and environmental campaigning. Rufford Small Grants
are designed to provide accessible and flexible funding for those who want to bring about change.
Conservationists from any country working anywhere in the developing world are welcome to apply.
Projects in the First World will not normally be considered for funding. Applicants are not restricted to
qualified scientists, but must be able to compile a written report to describe and quantify the success
of their work with appropriate references. Undergraduate and school level expeditions are not
eligible. More information about the Rufford Foundation and previous Award and Grant recipients
may be found on the Foundation’s website at www.rufford.org

Referees

Please write a reference giving your opinion about the pragmatic and long-lasting impact of the work
in question; the applicant’s ability to lead a team; the ability of the applicant and the team to
communicate the solution to the problem they are addressing; and any other information that might
help the Panel.

Successful candidates who apply for a Rufford Small Grant will receive up to £5,000. We would value
your candid opinion about the applicant’s ability to absorb and spend such funding with due
responsibility.

Please submit your reference by email to the address given below. Emails should be submitted
from your institution email account.  Unfortunately, references sent via web-based services
such as Yahoo, Gmail or Hotmail can not be accepted.

Josh Cole – Rufford Small Grants Director
The Rufford Small Grants Foundation
Email: apply@ruffordsmallgrants.org
www.rufford.org
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Application ID: 15802-1   
  Applicant Name: Justin H Baumann  
Email Address: j.baumann3@gmail.com  
Address: 
121 South Road
3105A Venable and Murray Halls, CB 3300
Chapel Hill, NC 27599-3300
  
Telephone: 5133071516   
Website URL: http://jbaumann3.wordpress.com/   
Organisation: The University of North Carolina at Chapel Hill   
Nationality: United States   
Date of Birth: 1989-04-16   
Education (Summary): 
The Ohio State University: 2007-2011
BS Biology
BS Earth Sciences

The Ohio State University: 2011-2013
MS Earth Sciences

The University of North Carolina at Chapel Hill: 2013-Present
PhD Marine Sciences (In progress)
  
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.
  
Current Work: 
At present I am a PhD student at the University of North Carolina at Chapel Hill. My lab (the Castillo
lab) is collaborating with Justin Ries (Northeastern University) on a coral coring project based in
Belize. 57 coral cores have been collected from field sites across the Belize Barrier Reef System
(BBRS) and are currently being processed. We are making measurements of calcification, density,
and linear extension (essentially growth rate) of the carbonate skeleton of these coral cores using
computer analysis. We are also preparing the cores for isotopic analysis by cutting them into
individual annual growth band pairs and, powdering these samples, and running them on the mass
spectrometer. We plan to use Oxygen and Carbon isotopes to reconstruct past climatic conditions at
all sites. In addition to this, we will run trace metal analysis in order to track the history of pollutants
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and sedimentation at each site. Our plan is to compare the results of cores from forereef, backreef,
and near shore areas in Belize to better understand how each part of the reef may react to a
changing climate and/or human influence.
In addition to this project, I am in the early stages of my own dissertation work. I am planning to
focus on identifying coral community differences in the coolest and warmest areas of the Belize
Barrier Reef System. I am also interested in testing the acclimitization and adaptation abilities of
corals from these areas to increasing temperatures. These experiments will take place both in the
lab and in the field.
  
Plans for the future: I plan to study the acclimitization and/or adaptation ability of corals from the
warmest and coolest areas of the Belize Barrier Reef System via manipulative tank experiments as
well as field-based reciprocal transplant experiments. In addition to this, I will examine the coral
community structure at these extremes sites to see how they differ from one another and the rest of
the reef system. These two approaches will allow me to make informed conservation management
suggestions to local officials and groups. I will also publish my findings in peer-reviewed journals to
help broaden our understanding of how Caribbean coral reefs may change in the face of a changing
climate.   
 

Project Title
Characterizing coral acclimation on the Belize Barrier Reef System using thermal history and
holobiont physiology: Implications for Climate Change

Grant Type
Rufford Small Grant

Principal Project Country
Belize

Executive Summary
The acclimation ability of corals from extreme environments in Belize will be tested utilizing a field
and lab experiments. Extreme sites will be selected by reconstructing long term Sea Surface
Temperature (SST) anomalies. Benthic surveys will be performed at each site to determine
differences in coral communities based on temperature. Next, corals will be transplanted from cool
areas to nearby warm areas (and vice-versa) to asses acclimation ability. In addition, corals will be
used in lab-based manipulative tank experiments to test their response to temperature variation
with a goal of understanding how corals may respond to a changing climate.

Categorisation
Coral

Amount Applied For in Pounds Sterling
5000

The Origin of Your Work
My advisor, Dr. Karl Castillo, is a native of Belize and has been involved with Belizean reef research
and conservation for over a decade. Our lab focuses on Belizean reefs because of his ties to the
country. Recently, projects in the lab have aimed at understanding coral physiological response to
temperature stress and how this response may change based on the location of the coral on the
reef. A previous project investigated how calcification has changed over the last century among
corals across different reefs zones (fore-reef, bac-kreef, and near-shore). This allows us to
understand which areas of the reef are most resilient to a changing climate. Geochemical analysis of
trace metals and stable isotopes will allow us to reconstruct past temperature, pH, and
environmental conditions (sedimentation, pollution, etc…) in order to tease apart exactly what
human activities are most harmful to corals. The proposed project is a natural extension of previous
work. I will examine physiological response to temperature stress, but across a different range of
sites. Examining corals from extreme cool and warm sites along the reef will allow me to determine if
corals living under certain environmental conditions are better able to acclimate to changing
conditions.
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The Contribution of Your Work
As the climate continues to change and oceans warm the world’s corals are more at risk. It has
become increasingly important to understand how corals will cope during this climate change
interval. Investigating the acclimation and/or adaptive potential of corals from the warmest and
coolest reef areas in Belize will further our knowledge of coral resistance and resilience to
temperature stress in the Caribbean and beyond. More research is needed on this vital topic as reefs
are changing and protection of the resources and biodiversity harbored on reefs must be a priority
for scientists, environmentalists, and managers. Determining the underlying processes that allow
some corals to become more resilient or acclimated to stress is important in guiding future coral
conservation management decision making. Without understanding of the mechanisms it is difficult
to act in a predictive manner. Teasing apart these mechanisms and causes of stress, resistance, and
resilience is the main goal of physiological work. Examining calcification, growth rate, thermal
history, energy reserves, symbiont types, and a host of other physiological parameters all in one
study is a novel undertaking. A physiological study of this magnitude has never before taken place.
The knowledge gained from such research can really help elucidate the ever illusive mechanisms
behind coral stress and recovery. Furthermore, if we are able to identify reef areas that may be able
to host viable reef ecosystems in the future, perhaps we can better preserve the resources and
beauty inherent to coral reefs.

Outcomes
This project will shed light on physiological parameters that are altered by temperature stress as well
as which parameters may be utilized in the acclimation and recovery process.
Localized areas of the Belize Barrier Reef System that are anomalously cool or warm relative to the
entire reef will be identified. Benthic surveys at these sites will determine if coral species
composition and diversity are effected by long term trends in temperature. Understanding this will
allow me to test previous hypotheses that certain species or morphologies of coral are more or less
resilient to temperature stress. I can also get a sense of how species diversity and abundance may
change on future reefs as the oceans continue to warm.
Manipulative tank and reciprocal transplant studies are designed to experimentally test the
resilience and acclimation ability of several species of coral. The results of these studies will allow
me to determine if certain species (or genera) are better able to cope with stress. Resilience and
acclimation will be measured using the physiological parameters of skeletal growth, calcification
rate, total energy reserves, feeding rates, and changes in symbiont diversity and chlorophyll
fluorescence.
By determining how species composition and diversity may change over the course of warming, and
if/how certain species or groups of corals are able to cope with temperature stress on reefs in Belize,
I will be bridging significant gaps in our scientific understanding of the phenomenon of coral
bleaching worldwide. On a smaller scale, these results will be reported in peer reviewed papers and
presentations, as well as to the Belizian government, the Smithsonian Caribbean Coral Reef
Ecosystem Program, and potentially the Global Coral Reef Alliance. Allying with conservation groups
and educating local people and governments will help ensure the conservation and protection of
reefs for future generations.

Activities and Methodology
4 km resolution SST data will be collected from NASA JPL MUR database for the entire Belize Barrier
Reef System. I will identify areas of the reef that are high temperature and low temperature
extremes. Extremes will be determined using the metric of degree heating weeks (number of weeks
during the year in which the average SST is 1 degree C above the yearly average) or degree cooling
weeks. I will also identify the areas of the reef with the highest maximum, lowest minimum, and
highest temperature variability. Using these metrics, 5-7 warm and cool reef sites will be selected
(10-14 total).
Once reef sites have been identified, a team of 6 scientists will travel to each reef site to perform
benthic surveys. 3 teams of 2 divers will survey 3-5 0.5 x 0.5 m quadrats along individual 10 m
transects to quantify coral cover, species composition, and diversity at each site (following the
AGRRA method). In addition to these surveys, each dive team will have a GoPro™ camera to record
video transects to be analyzed later. These surveys will allow me to identify differences in coral
composition and diversity between cool and warm sites and identify coral species to be used in
coring and manipulative experiments. Temperature loggers will be placed at each site to record
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temperature over the course of the experiment.
Following benthic surveys I will analyze the results and select a mounding species of coral that is
present at all reef sites for the purposes of coring. I will then travel to Belize and collect 4-5 cores
from each site with a pneumatic drill (used in previous experiments). Cores will be transported back
to UNC, CT-scanned, and analyzed for annual growth, density, and calcification rates digitally.
The last phase of the project will be 2 manipulative experiments. 2 species of branching coral will be
identified for use in a reciprocal transplant experiment. 12 colonies of each species will be collected
from a cool reef. 6 of these colonies will be transplanted to a nearby warm reef and the other 6 will
be transplanted back to the cool reef. The experiment will be replicated at warm sites. Skeletal
growth of each species at each site will be measured using staining. Corals will be sacrificed at the
end of the experiment and total energy reserves will be quantified via wet chemistry in the lab. In
addition to the transplant studies, tank experiments will be performed. 6-8 colonies of two species of
coral will be collected, transported back to the UNC Aquarium Research Facility (already fully
functional), and fragmented into 18 individual specimens. These specimens will be allowed to
acclimate to conditions for two weeks and then placed evenly into 4 different treatments: “Cool”,
“Mean Ambient”, “Warm”, and “High”. Corals will be maintained in these 4 treatments for 90 days.
Calcification and growth rates will be monitored using the buoyant weight technique and corals will
be sacrificed following the experiments for energy reserve measurements.
Total Time: 2 years

Your Team and Other Contacts
My team will consist of myself, Dr. Castillo (my advisor and a Belize native), Serena Hackerott
(divemaster and UNC reef ecologist who studies the lionfish invasion in Belize), a UNC undergraduate
scientist (an undergraduate member of the Castillo Lab will be invited to join us on each of our trips
in order to gain valuable field experience), and two scientists based in Belize. Currently we are
utilizing Dr. Castillo’s contacts to find locally-based scientists who are available during our projected
trips (trips are not officially planned due to funding dependence). Local scientists are likely to be
working with the Smithsonian Caribbean Coral Reef Ecosystems Program or the Belizean
government. In addition to these organizations, I also intend to share data and results with the Coral
Reef Alliance, The Nature Conservancy, and NOAA Coral Reef Watch. Input or collaboration with any
other conservation-minded NGO would be welcome. Local media will be engaged when possible and
research will be documented on my marine science blog (underthecblog.wordpress.com).
Additionally, findings will be published in peer-reviewed journals and presented at major national and
international conferences.
I am qualified to lead this team due to my previous experiences in the field of coral reef science and
my leadership role as a PhD student in the Castillo Lab. The proposed research will be my
dissertation research and I will be fully responsible for all of the components in the field and lab. I
have extensive field experience from my undergraduate and MS degrees (both studying corals) and I
feel as though I will be able to manage this team quite well. In addition to my academic success, I
also obtained an Eagle Scout badge earlier in life and was charged with managing a team 3 times
larger than the team proposed for this project.

FundingItem Description Cost Other Amount RSGF Amount
Round trip flights for 4
people

1787 0 1787

Boat rental for 10 days3000 0 3000
Benthic Survey
Equipment (transect
tape, pvc pipe, etc...)

179 179 0

GoPro Cameras (3) 953 953 0
Crew Salary 1192 1000 192
Totals 7111 2132 4979

Notes to Budget
All costs were calculated in USD (exchange rate: 1 USD= 0.6 Pounds Sterling).
The Rufford Small Grant would make our first research trip possible. Dr. Castillo has lab start-up
money available to fund the gear and some of the costs in country, but travel, boat rental, and salary
of the boat crew are prohibitively expensive. We have few costs outside of these major items.
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Additional Funding
My stipend will be paid by the Department of Defense NDSEG fellowship program. Dr. Castillo will be
paid through UNC. Our undergraduate assistant will be paid through a minority research fellowship
at UNC and Ms. Hackerott is willing to volunteer her time as long as she does not need to pay for
travel. In addition to RSGF, I will be applying for funds through the Waitt Foundation, National
Geographic, and PADI. Dr. Castillo will be applying for funding from the NSF and NOAA. Rufford Small
Grants and a Booster Grant would enable us to make 2-3 trips to Belize over the course of 1-2 years.
1-2 additional trips would be necessary, but can potentially be funded in part by the listed sources.

Referee 1
Name
Andrea Grottoli

Email
grottoli.1@osu.edu

Position
Professor

Institution Website Address
http://earthsciences.osu.edu/~grottoli.1/

Contact Address
125 South Oval Mall, Ohio State University, Columbus, OH 43210
Tel: 614-292-5782 Fax: 614-292-7688 email: grottoli.1@osu.edu

Referee 2
Name
Fernano Lima

Email
fplima@fc.up.pt

Position
Post-doctoral Researcher

Institution Website Address
http://cibio.up.pt/cibio.php?content=members&menu=members&member=fslima

Contact Address
CIBIO, Campus Agrário de Vairão, R. Monte-Crasto, 4485-661 Vairão

Referee 3
Name
Justin Ries

Email
j.ries@neu.edu

Position
Associate Professor

Institution Website Address
http://www.northeastern.edu/cos/faculty/justin-ries/

Contact Address
Justin Ries
Marine Science Center
430 Nahant Road
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