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Application ID: 18264-2   
  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: 16 Apr 1989   
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
Continuing research on coral acclimation on the Belize Barrier Reef System using thermal history and
holobiont physiology

Grant Type
Second Rufford Small Grant

Principal Project Country
Belize

Executive Summary
Rufford Small Grant funding received in 2014 allowed me to characterize 13 reef sites on the Belize
Barrier Reef System (BBRS) into “low”, “moderate”, and “extreme” thermal environments. Surveys
revealed that “extreme’’ sites exhibited the lowest coral diversity. To better understand the
significance of this finding, I propose to further explore coral acclimatization in different thermal
environments on the BBRS using reconstructions of growth records from coral cores. Growth records
will be correlated with SST and nutrient data to uncover the influence of human-induced stressors on
coral health and to help predict future coral reef response to climate change.

Categorisation
Coral

Amount Applied For in Pounds Sterling
5000

1.1 The Origin of Your Work
Coral reefs are declining due to human-induced stressors such as increased SST and pollution. For
the past 6 years, my research has focused on understanding how corals respond to these stressors.
Corals are a diverse group of organisms and respond to stress in many different ways. Some corals
are resilient and able to survive while others die. Understanding which corals are poised to be
resilient or recover from stress events allows us to know which corals and which reefs are better
suited for protection. This project focuses on the BBRS due to my interest in the future of Caribbean
reefs and my advisor’s ties to Belize. Dr. Castillo is a native of Belize and has been integrated in
Belize coral research and conservation efforts for over a decade. We use our expertise on coral
calcification, growth rates, and physiology to examine the acclimatization ability of corals in Belize.
Previously, 3 distinct temperature regimes (“low”, “moderate”, and “extreme” temperature regimes
on the BBRS were characterized and surveyed. The work proposed here aims to measure
calcification and growth rates across these distinct temperature regimes and compare patterns with
historical temperature and nutrient records, a natural extension of the previous work.
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1.2 The Contribution of Your Work
As climate change continues to warm the world’s oceans, corals are becoming more at risk. It has
become increasingly important to understand how corals will cope during this climate change
interval. Investigating the acclimatization and/or adaptive potential of corals from three distinct
thermal regimes across the BBRS will further our knowledge of coral resistance and resilience to
temperature stress in the Caribbean and beyond. As reefs worldwide continue to degrade, scientists,
environmentalists, and managers must establish a greater understanding of how reefs will respond
in order to protect these resources and the biodiversity harbored within them. 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 an
understanding of these mechanisms it will be difficult to act in a predictive manner. Teasing apart
these mechanisms and the causes of stress, resistance, and resilience is the main goal of my
proposed physiological work. Surveying community structure and then examining calcification,
growth rate, thermal history, energy reserves, and symbiont types of corals within multiple,
quantifiably divergent communities within a single reef tract is a novel undertaking. The knowledge
gained from this proposed research will help uncover the ever-elusive mechanisms behind why some
corals are more resilient than other. 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
intrinsic value inherent to coral reefs.

2.1 Project Site
Belize is a small yet culturally and ecologically diverse nation in Central America. My research
requires our team to traverse the entire Belize coastline: from Punta Gorda Town in southern Belize
to San Pedro Town in the north. We will collect coral cores at 9 previously surveyed coral reef sites
classified into 3 site types (“low”, “moderate”, and “extreme” thermal environment). These reefs are
all lagoonal reefs located between the mainland and the reef crest (behind the fore-reef). These
three site types exist in back-reef areas, mid channel patch reefs, and near-shore reefs. Surveys
conducted by our group last fall show that “low”, “moderate”, and “extreme” sites are exposed to
different temperature and nutrient regimes, and the “extreme” (near-shore) reef sites have
drastically different coral communities than the “low” and “moderate” thermal environments (patch
and back reef). Near-shore reefs are most influenced by humans due to nutrient pollution and they
have the most dramatic temperature fluctuations. As a result, they support only the heartiest
boulder corals, while patch and back reefs support weedier coral species, longer-lived boulder corals,
and fields of branching corals (including some endangered species). All three reef types are
important to conserve as they provide essential habitat for juvenile fish (including some
economically viable species) and invertebrates, and harbor a diverse assemblage of species that is
unparalleled in other ocean ecosystems. Due to their proximity to shore and the abundance of
resources available in and around these reefs, they are some of the most impacted ecosystems on
the planet as well. Understanding how and why these reef environments differ in their responses to
climate change and human impacts will allow us to better inform local, state, national, and
international policy makers and conversation groups on how best to conserve, manage, and protect
these extremely valuable resources.

2.2 Fieldwork
Over the course of three years we will be in field working directly on this project approximately 14-18
days per year. This year work is scheduled for Nov 1-15 2015. During this time we will traverse the
coast and reef habitats of Belize from south to north. Field work will consist of at least 9 full diving
days. We plan to collect 10 cores per site each of these 9 days. Extra days are built into the schedule
for travel and weather delays. Analysis of collected samples will continue until July 2016.

2.3 Activities and Timescale
Thanks to the previously funded survey work, I have been able to identify two species of mounding
corals that are present at all three site types (“low”, “moderate”, and “extreme” thermal stress):
Siderastrea siderea (massive starlet coral) and Pseudodiploria strigosa (symmetrical brain coral).
Five colonies of each of these two mounding reef building corals will be cored at all three site types
across three latitudes (Southern Belize, Central Belize, and Northern Belize). A total of 9 sites will be
cored (90 total cores will be collected). Corals will then be plugged with limestone concrete and the
hole will be sealed with non-toxic marine epoxy to allow for re-growth over the damaged area. Cores
will be transported back to UNC- Chapel Hill, CT scanned, and analyzed for annual growth, density,

Page 4 of 10



Continuing research on coral acclimation on the Belize Barrier Reef System using thermal history and holobiont physiology
Justin H Baumann

and calcification rates using high resolution medical imaging software and a program designed by a
member of the Castillo Lab. I will then compare these historical growth and calcification records
gathered from core analysis at each site to satellite temperature and nutrient records to correlate
changes in growth or calcification with changes in temperature or nutrient input. Coring is proposed
to take place from November 1-15, 2015. CT scanning of cores will occur in December. Data analysis
will continue at UNC Chapel Hill through winter and spring. Core processing and data analysis will be
a collaborative project between undergraduate researchers in the Castillo lab and Justin Baumann, a
graduate student and lead scientist on this project. Results will be presented at the Association for
the Sciences of Limnology and Oceanography (ASLO) Ocean Sciences meeting in February (Feb
21-26, 2016) and the International Coral Reef Symposium (ICRS) in June (June 19-24, 2016). A
manuscript will be submitted for publication in a major peer-reviewed journal by summer 2016. Key
findings from this year of field and lab work will be used to inform future project goals. A follow-up
project to collect corals from each site and run a manipulative tank experiment is in the preliminary
planning phase and is currently scheduled for fall/winter 2016. The goal of this follow up project will
be to examine species specific responses to temperature related stress among corals from our three
distinct temperature regimes in order to understand the acclimatization potential of species and how
this potential may change based on abiotic factors. The species used and sites collected from in the
follow-up study will be selected based on the results of the proposed project.

3.1 Methods to be Used
Coring
Coring will begin in November 2015. Five cores from the mounding corals Siderastrea siderea and
Pseudodiploria strigosa (important reef-builders that are ubiquitously distributed in the Caribbean
Sea) will be extracted at each site by SCUBA divers using a 3.6 horsepower hand held hydraulic core
drill (CS Unitec 3 speed 6” hydraulic drill) affixed with a hollow extension rod and a wet diamond
core bit (5 cm in diameter, 30 cm in length). This coring equipment is suitable for the collection of
coral cores exceeding 2-meters in length (equivalent to ca.200 years of coral growth for S. siderea
and ca.100 years of growth for P. strigose). The hydraulic drill will be powered by an 18 hp hydraulic
compressor connected by a 100 ft. hydraulic hose. Coral cores 100-200 cm long and 5 cm diameter
will be collected from the maximum vertical growth axis of the S. siderea and P. strigosa colonies at
a depth of 3 to 5 m. After coring each colony, a concrete plug will be inserted and cemented into the
drilled hole with Z-spar underwater epoxy in order to protect the coral from boring organisms,
diseases, and other agents that could invade the coral. The rinsed cores will be stored in 5 cm width
capped PVC tubes and transported by airplane to the Castillo Lab at UNC.

Core Analysis
Unmodified cores will be scanned using computerized tomography (CT) at Wake Radiology
Diagnostic Imaging Center in Chapel Hill, NC. Images will be taken in 0.6 mm axial slice increments
using a 100 mm field of view, 120 Kv and 250 mAs. Images will be reconstructed at Wake Radiology
using an “ultra-high bone algorithm” window and the images will be exported as DICOM files for
processing in the Castillo Lab at UNC- Chapel Hill. CT images will be compiled and imported into the
DICOM viewer OsiriX. Once in the program, a user can open the folder for a specific core and select a
horizontal slab of varying width. In this case, a slab between 6-8 mm will be selected (this results in
stacked composite images of 0.8 mm thin horizontal slabs). Linear extension (annual growth) and
calcification rates will be estimated from the thickness of high-density and low-density annual growth
couplets for each core using the DICOM viewer OsiriX and the applet RUNNINGCORALGUI (written by
Ashley Foguel, an undergraduate in the Castillo lab). Growth density will be estimated based on
irradiance of the CT images. The applet RUNNINGCORALGUI allows for all three metrics to be
calculated automatically when the user draws a transect across a plane on the CT image.

Comparison to Temperature and Nutrient Records
Average annual summer seawater temperature, from NOAA OI-SST (ca. 35 years), NASA JPL MUR SST
(ca. 15 years), and HOBO in situ instrumental SST measurements (ca. 1 year) will be estimated.
Similar calculations will be made using Chlorophyll a data from NASA AQUA MODIS (ca. 15 years).
Weighted regression, with weights that are reciprocals of the variances of the summer averages will
be used to compare temperature trends amongst site types. Trends in average summer SST will also
be examined using generalized least squares autoregressive model (to account for autocorrelation)
treating years as blocks and weighting the summer temperature means by the reciprocals of their
variances. Historical thermal variability at daily, monthly, and annual temporal scales amongst site
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types will be compared using generalized least squares with an autoregressive correlation model for
the residuals. Two-year running averages of mean summer SST will be obtained by averaging the
temperature of the current year with that of the previous year. These will then be matched to the
corresponding coral growth data: i.e., average summer SST in 2003 and 2004 will be matched with
coral growth in 2004; the average summer SST in 2004 and 2005 will be matched with coral growth
in 2005, and so on. To establish the seawater temperature-coral growth relationship for the various
temperature records, random intercept model that regress the growth parameter against smoothed
average summertime temperature (two-year running means) will be used. Various random intercept
models in which intercepts and slopes will be allowed to vary both separately and together by the
various ecological scales will be examined.

3.2 Reasoning
Collection of cores from living corals is an effective way to compile a historical record of growth with
a known endpoint (time of collection serves as the endpoint, i.e.: Fall 2015). We can then count back
through time using growth bands to determine the age of the coral and the length of the growth
record. This allows us to line up growth records from multiple individual corals, which we can then
correlate to satellite and in-situ temperature and nutrient records.
A hydraulic drill was chosen instead of a pneumatic drill because it is twice as powerful and the
pneumatic system is a little too slow for our purposes and also requires us to keep 30 extra scuba
tanks on board to power it. Due to time and boat capacity restraints, we cannot use a pneumatic
system for this project. The hydraulic drill has been used by our lab on three previous research trips
and has proven reliable.
The NOAA OI-SST product was selected for temperature calculations because it is the longest
running high resolution (0.25 x 0.25 decimal degrees) SST record (ca. 35 years). Ultra-high resolution
satellite records (0.11 x 0.11 decimal degrees) such as NASA JPL MUR SST are a fairly new
development (ca. 15 years), but can provide the highest possible resolution for temperature records
over across our study sites. As a result, both records will be used to correlate growth records to
changes in temperature over time. The longer the record, the more convincing the correlation will
be. Chlorophyll a records (a proxy for total nutrient load in water) have only been around for a few
decades, so very few options exist. The highest resolution and most readily available product is
NASA Aqua MODIS satellite data courtesy of NOAA ERDDAP.

4.1 Conservation Outputs
1.) Healthy Reefs Initiative: Results will be shared with Healthy Reefs Initiative; publishers of the
Mesoamerican Reef Report Card series which tracks reef health (coral cover, algal dominance,
herbivore population, and commercial fish population) every 3 years across the entire Mesoamerican
Reef (Mexico to Honduras). Healthy Reefs is supported by many conservation organizations including
Oceana and The Nature Conservancy. The report card uses the same survey method (AGRRA) that
we used in our community analysis, so data sharing will be a direct benefit. The report card does not
include historical coral growth data, but making our data available to the organization will allow
them to incorporate it to give a more holistic representation of coral health.
2.) Belize Fisheries: We work directly with Isaias Majil, the marine protected area coordinator in the
Belize Fisheries Department. Annual reports of our research are submitted to his office. These
reports will provide Mr. Majil and the Fisheries Department with an understanding of how different
areas of the reef are responding to stress and will allow Belize Fisheries to select new sites for
protection and potentially alter protection levels at other sites.
3.)TIDE: We plan to renew connections with the Toledo Institute for Development and Environment
(TIDE), a conservation NGO in southern Belize. Dr. Castillo was director of TIDE for several years.
TIDE aims to educate citizens about conservation issues (with a focus on coral reef conservation).
Through a local North Carolina outreach group known as SciREN (thesciren.org), of which I am an
executive board member, I have developed lesson plans for school aged children as well as adults
that can be implemented by TIDE to educate the public about coral reef conservation. I can also
provide TIDE with an online database of student created lesson plan materials available through the
SciREN website.

4.2 Conservation Importance
The coring work proposed here will be done directly on two species of hard (Scleratinian) coral. This
entire genus Scleractinia is listed in CITES appendix II. Appendix II contains a list of species who are
not necessarily at risk of extinction now, but may become so if trade of these species is not closely
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controlled. The two species being studied are the massive starlet coral (Siderastrea siderea) and the
symmetrical brain coral (Pseudodiploria strigosa). Both of these species are listed as “least concern”
on the IUCN Red List. We chose these species because they were both abundant at all sites and
appeared relatively robust and capable of surviving stress events. As such, they are the perfect
corals to core, as they should have the longest and most complete growth records. While large
mounding species such as mountainous star coral (Orbicella faveolata) are commonly used for coring
work, star coral has been listed as endangered on the IUCN Red List. Although once common
throughout the Caribbean, star coral was not observed in the majority of our “extreme” sites.
Therefore, we plan to use data from more common and robust species (S. siderea and P. stridosa) to
understand how trends in coral growth correlate to changes in sea surface temperature and nutrient
concentrations. In addition, we have characterized communities at each site and identified the
presence of two critically endangered coral species (IUCN) at the low and moderate thermal
environments: elkhorn (Acropora palmata) and staghorn coral (A. cervicornis). Communities at these
sites are more diverse than in extreme stress areas, likely due to thermal stress. Correlating growth
and calcification data from all site types with temperature and nutrient records will allow us to
confirm this hypothesis.
We plan to continue this work by testing the acclimation and/or adaption ability of corals from all
thermal environments in tank experiments. Can those few corals that survive in extreme stress
environments cope better with temperature fluctuations? Can those corals also survive in lower
stress environments, or will they be out competed? Answering these questions will allow us to
understand how and why community structure differs across different thermal environments. This
knowledge will allow us to help conservation managers at all levels decide which corals should be
protected, and more importantly, which areas of reef should be protected.

5. Monitoring
The success of our work will be monitored in several ways. First, all results will be published in peer-
reviewed scientific journals. We expect one publication per year from 2014-2016. The Rufford Small
Grant funding period is one calendar year from the date of award. A final report is due to the
foundation before this date. As was the case last year, I will complete all grant related fieldwork
before this date and include any data I have in the final report. It is my goal to complete coring and
core analysis by Summer 2016 (in time to include the data in the final report). I also hope to present
my findings at the International Coral Reef Symposium in June 2016. This project will be a success if I
am able to use these data in my presentation and accompanying academic paper during the
summer of 2016. I also intend to share all of my community survey data with Healthy Reefs Initiative
and Belize Fisheries Department during the next few months. I hope to build relationships with these
two organizations with a goal of helping them make informed management decisions for Belizean
reefs. My knowledge of which corals are doing best under varying climate change scenarios should
help them identify new species of interest (beyond those included on the IUCN Red List) as well as
new reef areas that should be protected.

6.1 Team Description
My research team will consist of myself, Dr. Karl Castillo (my advisor and Belize native), John Rippe
(second year PhD student and science diver), Hannah Aichelman (experienced science diver and
Castillo Lab technician), two UNC undergraduates (members of the Castillo lab who will join us on
each trip to gain valuable field experience), and one or two scientists based at the University of
Belize. We will use Dr. Castillo’s contacts in Belize to find locally-based scientists who are available to
join us on our research trips. Dr. Castillo, John, Hannah, and myself are experienced science divers
who have all participated in coral core collection in Panama and Florida. We have worked together to
make our method safe for divers and organisms as well as efficient. Dr. Castillo has been drilling
coral cores for almost a decade and has significant experience in Belizean waters. Hannah and I will
both be making our second trip to these study sites, so we are also very familiar with the sites as
well as the country. Our undergraduates are all hard-working detail oriented students who have
proven their mettle in the laboratory setting. We look forward to training them as the next
generation of coral ecologists and conservationists and expect that this trip will provide them with
valuable field experience that they can use when pursuing a graduate degree or job related to the
field.

6.2 Your Skills
I am qualified to lead this research team due to my previous experiences in Belize and in coral reef
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science (8 years from undergraduate field experience to present), as well as due to my leadership
role as a PhD candidate in the Castillo Lab. This research is part of my dissertation and I am fully
responsible for all field and lab components of it. Outside of the lab I help organize large-scale
science outreach events and manage a multi-user blog. Our last trip was successful due to
meticulous planning and organizing, a result we plan to recreate this year.

6.3 Links
We work directly with Isaias Majil, the marine protected area coordinator in the Belize Fisheries
Department. Annual permits will be granted through his office and annual reports, similar to those
required by the Rufford Foundation are due to Mr. Majil after each research trip. These reports will
help assist Mr. Majil and the Fisheries Department in assigning protection to new areas of the reef as
well as assessing protection plans that are already in place. We also plan to renew connections with
TIDE, a conservation NGO in Southern Belize that Dr. Castillo helped manage for several years. Our
data and outreach materials (lesson plans designed for primary and secondary school education, as
well as public education) should help them in their continued efforts to educate the local community
on marine conservation issues.
I will be documenting this research for the public on my marine science blog (underthecblog.org) and
the Smithsonian’s Ocean Portal website. Findings will be published in peer-reviewed journals and
presented at the International Coral Reef Symposium and the ASLO Ocean Science meeting in 2016
(the two largest conferences in our field).
Non-outreach links have been made in Belize with Hatchet Caye Resort. Hatchet Caye is an outer
island on the barrier reef chain that gives room discounts to scientists. Staying there saves us up to
2 days of boat transit time. We also have a long-standing relationship with Garbutt’s Marine, a
charter boat company owned by a former member of the Port Honduras Marine Reserve’s board. We
charter boats from Garbutt’s and take advantage of their knowledge of local waters and interest in
preserving the reef. We also work with a local dive shop (Sea Sports Belize) that has assisted
previous Rufford fellows (Courtney Cox). They provide us with gear and facilitate boat charters in
northern Belize.

FundingItem Description Cost Other Amount RSGF Amount
Travel to and from
Belize (for 6)

3495 1745 1750

Boat Rental 3250 1625 1625
Dive Gear 600 0 600
Lodging 1850 925 925
Gas for drill
compressor

100 0 100

Meals 1000 1000 0
Totals 10295 5295 5000

Notes to Budget
A second Rufford Small Grant would make the extension of our research possible. Thanks to last
year’s funding, we have been able to move much of our gear to Belize already, which decreases our
travel expenses by removing many of the baggage fees. The costs of travel, gear, and boat rental
are prohibitively expensive. We have few major costs outside of these items. Cost of travel and boat
rentals will be shared equally between myself and Dr. Castillo (NSF grant). I cannot fund my portion
of the trip without external funding.
USD to Pounds Sterling (1 Dollar= 0.64 Pounds Sterling)

Additional Funding
My stipend will be paid by the Department of Defense NDSEG fellowship program. One of our
undergraduate assistants will be paid through a minority research fellowship at UNC and the other
will likely receive a salary from Dr. Castillo. Dr. Castillo will be performing other research in Belize
that is funded by NSF. There will be some cost sharing between his funding and mine. For example,
we will take the same team and work on two projects over the course of our stay, so flight costs and
boat rentals will be shared costs. In addition to RSGF, I will be applying for funds through the PADI
Foundation. At least one additional research trip to Belize will be necessary in 2016 to complete my
PhD research (collection of corals for a tank experiments).
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Referee 1
Name
Andrea Grottoli

Email
grottoli.1@osu.edu

Position
Professor

Institution Website Address
https://www.osu.edu/

Contact Address
329 Mendenhall Lab
125 South Oval Mall
Columbus, Ohio 43210

Referee 2
Name
Stephen Levas

Email
stephen.levas@villanova.edu

Position
Post-doctoral scholar

Institution Website Address
https://www1.villanova.edu

Contact Address
Mendel Hall Rm G63
Geography and the Environment
800 Lancaster Ave
Villanova, PA 19085

Referee 3
Name
Justin Ries

Email
j.ries@neu.edu

Position
associate professor

Institution Website Address
www.northeastern.edu

Contact Address
Marine Science Center
430 Nahant Road
Nahant, MA 01908
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