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Project Description 

Submerged aquatic vegetation (SAV) provides ecosystem services valued at 

$7,700/acre/per year (NCDEQ 2016). These productive habitats are subjected to an increasing 

number of natural and anthropogenic disturbances—including nutrient-loading from runoff, 

bioturbation by mesopredators, and hurricanes— which can reduce their capability to perform 

ecosystem services or result in total ecosystem loss (Short and Wyllie-Echeverria 2009; Waycott 

et al. 2009; Cullen-Unsworth and Unsworth 2016). To recover vital ecosystem functions, 

researchers and practitioners have invested in a variety of approaches to restore seagrasses, often 

with limited success. Globally, success rates of seagrass restoration projects range from 22% to 

42%, with survival of restored beds positively correlated with the scale of the project (van Katwijk 

et al. 2015). Seagrass restoration has proven to be both challenging and costly, particularly in areas 

where seagrass has been lost entirely or where habitat quality is no longer suitable for seagrass 

establishment (Orth et al. 2000; Orth et al. 2010). Therefore, it is critical to develop and test 

restoration approaches which promote existing bed recovery from disturbances and improve local 

water quality (Reynolds et al. 2016). 

Previous studies have shown that restoration is most effective when facilitation, an 

ecological relationship between two or more organisms wherein both organisms benefit from the 

interaction, is utilized (Van der Heide et al. 2014; Silliman et al. 2015). Intraspecific facilitation, 

or positive interactions between individuals of the same species, in restoring foundation species is 

already documented, though restoration practice generally focuses on reducing competition rather 

than fostering positive species interactions (Silliman et al. 2015). Interspecific facilitation (i.e., 

positive interactions between multiple species) has also been recorded. Filter-feeding bivalves 

improve water quality via filtration and reduce epiphyte biomass by removing nutrients from the 

water column and depositing suspended solids (Newell and Koch 2004). Seagrasses growing in 

association with the mussel Modiolus americanus increased in productivity due to elevated 

nutrient content in the sediment and reduction of the epiphyte load (Peterson and Heck 2001). 

While seagrass beds can potentially be restored, the most cost-effective option is to sustain 

current beds (Fonseca et al. 1998). Increasing the density of clams in existing seagrass beds has 

the potential to be an effective restoration alternative, because clams promote the removal of 

suspended solids in the water column, thus increasing light attenuation to seagrasses, and 

deposition of nutrients and organic matter to the sediment, which can enhance seagrass growth 

(Porat et al. in prep). I propose to investigate clam addition as an alternative to proactively reduce 

bed losses to avoid the need for restoration after a bed is completely lost. My study will expand 

upon previous work, including a study conducted by my committee member, Dr. Joel Fodrie at 

UNC-IMS (see attached letter of support), showing that the presence of Mercenaria mercenaria, 

the hard-shell clam, increases the primary productivity in seagrass beds dominated by Zostera 

marina, eelgrass (Poray et al. in prep). I will also build upon work done by my collaborator, Stacy 

Zhang of DUML, who examined the influence of hard-shell clams on Z. marina seed germination 

and restored patch expansion. Preliminary results from Zhang’s work showed that the presence of 

bivalves increased the average size of the restored seagrass patch (Zhang et al. in prep).  

While the growth requirements and habitat preferences of seagrasses are well known, the 

ability to resist and/or recover from disturbance is less understood (O’Brien et al. 2017). Typically, 

restoration efforts do not consider the response of the system to disturbance due to the presence, 
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or lack thereof, of positive species interactions (Silliman et al. 2015). I further propose to determine 

how the hard-shell clam influences the resiliency of seagrass beds to high wave energy (scouring) 

disturbance in North Carolina, which could result from both storm events and boat wakes. This 

study will enhance restoration efforts by experimentally testing positive species relationships 

which can foster ecosystem resilience (Halpern et al. 2007). I propose an experimental, field-based 

approach to manipulate the presence of a mutualistic relationship and the intensity of disturbance 

to the seagrass beds in order to test their resiliency and recovery rates. Specifically, I would 

examine seagrass response to experimental physical excavation mimicking storm- or boat wake-

induced wave scour disturbances. My proposed work would fill a knowledge gap, as previous 

work has shown that bivalve facilitation enhances healthy or newly established seagrass beds, but 

less is known about how bivalves affect seagrass recovery after disturbance. The data resulting 

from this study can aid in our understanding of how facilitation can influence the resiliency of 

seagrasses and provide managers with a cost-effective and proactive restoration alternative. 

Rationale 

Seagrass beds enhance overall coastal habitat health via the provision of ecosystem 

services such as wave energy attenuation (Fonseca and Fisher 1986; de Boer 2007); their role as 

valuable nursery habitat for many commercially and recreationally important species (Heck et al. 

1997); and improvement of water quality by retaining substrate and providing habitat for filter-

feeding bivalves (Newell and Koch 2004). These ecosystem services make restoration of human-

degraded seagrass beds in coastal areas imperative as seagrass beds in NC are threatened by 

stressors such as climate change, water quality degradation, and physical disturbance (including 

hurricanes) (Doll and Spence 1997). Seagrasses are strong facilitators and can buffer against 

abiotic and biotic stress to enhance overall ecosystem health. We hypothesize that facilitation from 

bivalves can restore seagrass beds by mitigating stress on seagrasses and enhancing the 

recolonization of degraded habitats and resistance to disturbance. Understanding how plant-

animal interactions reduce seagrass recovery time will allow for the modification of restoration 

designs to take advantage of natural ecological relationships.  

The Rachel Carson Estuarine Reserve is ideal for seagrass restoration as it overlaps with 

the southern boundary for Z. marina and the northern boundary for Halodule wrightii, two of the 

dominant seagrass species in NC (Fonseca et al. 1998). These two species have very different life 

histories (e.g., Z. marina uses seeds as their primary reproductive strategy, whereas H. wrightii 

primarily relies on asexual reproduction).  Investigating the interactions of these two species and 

the biotic and abiotic factors that may control their distribution and recruitment will likely be a 

valuable contribution to the scientific literature and to restoration managers. This study has the 

potential to demonstrate that positive facilitation via M. mercenaria can foster long-term resilience 

of Z. marina and H. wrightii in North Carolina and to further develop our understanding of how 

these species might react to changing global stressors. 

Relevance 

 This project addresses the Coastal Reserve-Sea Grant 2019 NC Coastal Research 

Fellowship focus area of evaluation of habitat restoration practices, with a secondary focus area 

of ecological responses to hurricanes by analyzing the enhanced resiliency of seagrass beds to 

extreme disturbance regimes due to positive species interactions with a filter-feeding bivalve. It 

also addresses a primary objective from the Sea Grant 2018 – 2021 Strategic Plan by enhancing 

the effectiveness of restoration and conservation through an applied research project which 

provides novel information on the resiliency of mixed community seagrass beds (Healthy Coastal 

Ecosystems Goal 2). Seagrass beds are one of the six fish habitats identified as needing protection 
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or enhancement by the NC Coastal Habitat Protection Plan (Goal 3). One of the recommendations 

under Goal 3 is “restoring SAV habitat and shallow soft bottom nurseries,” and our results will 

provide novel information regarding seagrass resiliency to physical disturbance to aid in promoting 

SAV restoration by proactively reducing bed loss. 
 

Research Materials and Methods 

 I am conducting an ongoing field study through Summer 2019 with the aforementioned 

collaborators, Dr. Rachel Gittman (ECU), and Ms. Carter Smith (UNC-CH) to test if clams can 

facilitate Z. marina and H. wrightii resilience during nutrient-loading disturbance. Excess nutrients 

in the water column can promote overgrowth of epiphytes on seagrasses and reduce water clarity, 

resulting in reduced seagrass growth, biomass, and overall fitness (Peterson and Heck 2001). We 

hypothesized that negative effects on seagrass fitness due to excess water column nutrients would 

be mitigated by clam filtration of nutrients from the water column and subsequent bio-deposition 

into the sediment. This experiment has provided me with the background, collaborator network, 

and field experience necessary to conduct the experiment proposed for this fellowship.  

I will continue to work with these collaborators from across multiple institutions for the 

experiment proposed here to test how the presence of hard-shell clams affects the resilience of Z. 

marina and H. wrightii to extreme physical disturbance (partial excavation of seagrass bed). I 

hypothesize that clam presence will enhance the resiliency of mixed community beds to a physical 

disturbance by increasing growth and recolonization rates and reducing epiphyte load. In the 

Spring of 2019, 5m by 5m plots will be delineated in Z. marina and H. wrightii mixed community 

beds in three sites: Middle Marsh within the Rachel Carson Estuarine Reserve, just outside of the 

Reserve in Back Sound, and near Core Banks, NC. Our lab has been monitoring mixed community 

seagrass beds in Back and Core Sounds (both inside and outside of the Reserve) since 2016 and 

have noted losses in bed extent which we hypothesize are due to disturbance from high wave 

energy and sediment movement. I will establish the following experimental treatments: excavation 

of 50% of the plot to represent loss due to hurricane or intense wave energy; 50% excavation with 

clam addition; clam addition without excavation; and a control, which will not undergo disturbance 

or clam addition. Each clam addition treatment will receive ten hard-shell clams per meter squared 

(~2000 g of biomass per m2), which is comparable to natural densities (R Gittman, personal 

observation). We will measure the profile and scoured edges of existing beds with a Trimble R10 

GPS to determine an ecologically relevant excavation depth to mimic in the experiment.  

 To test the relative resilience of each plot to disturbance, we will survey plots biweekly 

from March to August and monitor seagrass primary productivity via percent cover, shoot density 

and growth using methods employed by Heck et al. 2000. The extent and elevation of each bed 

within a plot will be mapped and the location of the disturbed bed edge will be monitored monthly 

using a Trimble R10 GPS. Chlorophyll A sampling will be conducted in lab to determine biomass 

of epiphyte communities and C:N:P analysis will be done on seagrass tissues. Sediment seed 

sampling will be conducted and seed viability assessments done by tetracycline staining. Cores 

will be taken at the end of the experiment to analyze total seagrass above and belowground biomass 

by species. Sediment samples will be collected and analyzed for sediment composition (grainsize) 

and nutrient content, as clams are known to increase the organic matter and nutrient content in the 

sediment via bio-deposition. Water turbidity will be measured biweekly with a submersible 

turbidimeter to determine the extent to which clams reduce suspended solids in the water column 

after a disturbance event. We will monitor clam mortality to assess clam loss due to predation and 

quantify seagrass loss from bioturbation (crab burrows and ray pits) distinct from loss due to 

experimental disturbance. The use of large clams (~200 g) should reduce the effects of predation, 
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but we will also manually remove whelks from the plots biweekly (Jud Kenworthy, personal 

correspondence). Two-way Analyses of Variance (ANOVA) and posthoc tests will be completed 

in the statistical computing program, R, to test for differences in Z. marina and H. wrightii growth 

rates, changes in bed extent, and standing biomass, as well as epiphyte loads and sediment and 

seagrass tissue nutrient content in response to clam addition and disturbance(s). Monitoring will 

continue beyond the scope of the fellowship to capture long-term response of seagrasses. 

Outreach and Information Dissemination Plan 

 I will hire an undergraduate technician to assist during Summer 2019 who will be mentored 

by our team and introduced to the fundamentals of marine ecology research. Their responsibilities 

will include writing blog posts about our research to be posted on our lab website and assisting in 

outreach events hosted by the Scientific Research and Education Network (SciREN). SciREN, 

founded by UNC-IMS graduate students, is well established in our community and effectively 

reaches a variety of audiences, including K-12 students, local citizens, and aspiring researchers. I 

am a member of the administrative board of SciREN, and our team will attend SciREN events to 

learn how to communicate the importance of seagrass ecosystems and restoration of these valuable 

habitats. Additionally, we will communicate our results in the form of scientific publications and 

conference presentations and directly reach out to NC Department of Environmental Quality staff, 

to receive aid in how best to translate to managers. The restored habitats will serve as an 

experimental learning environment for students long beyond the fellowship timeline. 
 

Tasks and Timeline 

  
Action 

2019 
1 2 3 4 5 6 7 8 9 10 11 12 

1 
Select sites within reserve and construct plots (clam 

addition) 
    X                    

2 Mimic disturbance in plots       X            

3 
Measure turbidity, seagrass growth, biomass, and 

epiphyte load 
    X X X X  X  X  X       

4 Collect sediment samples    X      X   

5 Analyze results and submit reports         X X X X 

 

Budget 

  Item 2016-2017 

Salaries Undergraduate Summer Technician $5,755.00  

Supplies Plot construction materials  $210.00 

  Sample collection/processing equipment $185.00 

  Boat Gas ($4 per gallon, 12 gal per trip, 15 trips) $720.00 

Other Boat Fees (15 days @ $150 day) $2,250.00 

  Truck use ($0.55 per mile, 1600 miles) $880.00 

  GRAND TOTAL $10,000 
 

Salary – We ask for funds to support an undergraduate technician for a total of 3 months, including 

a salary of $1,760 per month and benefits (8.99% of base salary). S. Donaher and R. Gittman do 

not request any salary or benefits for this project. 

Supplies—Our project requires materials for plot construction, including clams if they cannot be 

acquired manually. Additionally, we request funds for seagrass and sediment cores collection and 

processing. We ask for funds for boat gas to reach our experimental site 

Other—We ask for funds for boat fees at $150 per day and truck fees at $0.55 per mile 
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Sarah E. Donaher 
sdonaher@live.unc.edu | 3431 Arendell Street, Morehead City, NC 28557 

Education 
PhD Student in Marine Sciences, University of North Carolina at Chapel Hill 
Advisor: Dr. Rachel Gittman 
B.S., Environmental Engineering, Clemson University, Summa Cum Laude, May 2017

Fellowships 
2017 - 2022 National Science Foundation Graduate Research Fellowship (NSF GRFP) 
2017 – 2022 UNC-CH Royster Society of Fellows Five-Year Doctoral Fellowship 

Research Positions 
August 2017 – Present NSF Graduate Research Fellow, UNC-CH, IMS 

Advisor: Dr. Rachel Gittman (ECU) 
Summer 2017 Research Technician, UNC-CH, IMS 

Supervisors: Dr. Johanna Rosman, Dr. Charles “Pete” Peterson 
2015-2017 Undergraduate Research Assistant, Department of Environmental 

Engineering and Earth Sciences, Clemson University  
Advisors: Dr. Brian Powell, Dr. Nicole Martinez  

2015-2017 UPIC Intern, Glenn Civil Engineering Department, Institute for  
Sustainability, Clemson University  
Supervisor: Dr. Claire Dancz  

Summer 2015 Research Experience for Undergraduates (REU) Student, Renewable 
Energy Technologies Generation and Management, Missouri University 
of Science and Technology  
Advisors: Dr. Joel Burken, Dr. Stuart Baur 

2013-2014 Undergraduate Research Assistant, Glenn Civil Engineering 
Department, Clemson University  
Advisors: Dr. Kelsey Lantz, Dr. Leidy Klotz  

Peer-Reviewed Publications 
1. Lantz, K., Khan, S., Ngo, L. B., Chowdhury, M., Donaher, S.E., & Apon, A. (2015). “Potentials of

Online Media and Location-Based Big Data for Urban Transit Networks in Developing Countries.”
Transportation Research Board 94th Annual Meeting (No. 15-4942).

2. Dancz, C.L.A., Plumblee, J.M., Donaher, S.E., and Gordon, A.S. (2016). "Rubric for Evaluating
Students’ Graduate Competencies Related to Sustainable Built Environment." International
Journal of Construction Education and Research, Special Edition on Sustainability in the Built
Environment.

3. Donaher, S.E., Dancz, C.L.A., Plumblee, J.M., Gordon, A.S., and Patel, K. (2017). “Reviewing the
Current State of the Grand Challenge Scholars Programs Across the United States.” American
Society for Engineering Education.
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Laboratory and Technical Skills  
Software: RStudio, Minitab, MATLAB, AutoCAD, OpenLCA 
 
Laboratory: Basic Equipment and Safety Training, Chemical Hygiene Training, Radiation Safety Training, 
Animal Safety Training, Autoradiography, Liquid Scintillation Counting, Infrared Spectroscopy, 
Inductively Couple Plasma Mass Spectroscopy, Microwave Digestion 

 
Honors 
2018   Passed Fundamentals of Engineering (FE) Exam; Engineering Intern Application  

Pending 
2016—2017   Phi Kappa Phi Certificate of Merit  
2015—2016  Robert W. Moorman Award, awarded to the most impressive junior in  

Engineering and Science at Clemson University on the basis of scholarship and 
character  

2015—2016 Thomas M. Kenan Award, most impressive junior in Environmental Engineering 
2016  American Chemical Society Division of Environmental Chemistry 

Undergraduate Research Award  
 

Memberships 
2017 – current  Sigma Xi, The Scientific Research Society 
2014 – current  Tau Beta Pi, Engineering Fraternity 
2014 – current  Alpha Lamba Delta, National Honor Society 
2015 – 2017  American Chemical Society 
2015 – 2017  American Water Works Associations 
 

Leadership Roles  
2012 – current Administrative Board of SciREN, Coastal Chapter, UNC Chapel Hill 
2017 – 2018  Director of Sustainability and Transportation¸ Graduate and Professional 

Student Government, UNC Chapel Hill  
2014 – 2017  Vice President of Service (Fall 2015-Spring 2017), Treasurer (Fall 2014-Spring 

2015), Cofounder (2014), Grand Challenge Scholars, Clemson University Chapter  
2014—2015  Resident Assistant, Clemson Housing and Dining, Calhoun Honors College, 

Clemson University  
 

Relevant Coursework  
Physical Oceanography, Marine Geology, Marine Ecology, Biological Oceanography, Fluid Dynamics, 

Chemical Oceanography, Ecological Engineering, Ecohydrology, Differential Equations, Statistical 

Methods I (with R), Statics and Dynamics, Water and Wastewater Treatment with Laboratory, 

Environmental Sustainability, Sustainable Energy Engineering, CAD & Engineering Applications, 

Engineering Principles I and II 
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Data Management Plan 

The Rachel Carson Estuarine Reserve Seagrass Restoration Project, implemented by Sarah 

Donaher (graduate student) and Dr. Rachel Gittman (PI), will generate environmental data and 

information, including: growth rates of Zostera marina and Halodule wrightii seagrasses following 

physical disturbance(s); Z. marina and H. wrightii seagrass epiphyte community biomass and 

chlorophyll concentrations, sediment composition, sediment organic matter, seafloor elevation, 

and ambient water quality measurements (temperature, salinity, turbidity). Seagrass data will be 

collected by the Gittman Lab according to methods described by Heck et al. 2000 and samples will 

be stored at UNC-CH Institute of Marine Science. Field results will be recorded in “Rite in the 

Rain” weatherproof journals and laboratory results will be recorded in a laboratory notebook. All 

written results will be transferred and stored in a master data file (.csv). Elevation data will be 

downloaded from the Trimble R10 as .csv files. Water quality data will be collected using a YSI 

ProPlus instrument and recorded on datasheets and transferred to .csv files.  

All data will be stored the Gittman Lab Dropbox, as well as backup copies on S. Donaher’s 

local PC and the Gittman lab external hard drive. All data will be available to our lab group and 

project collaborators as well as to NC Coastal Reserve and Sea Grant upon completion of the grant 

period. Data will be made public via submission to a digital repository, such as Dryad, upon 

publication in a peer-review journal or by January 1, 2022, whichever comes first. Data will be 

stored in the NOAA NCEI Oceanographic Data Archive or another NOAA archive selected in 

consultation with NC Sea grant and NC Coastal Reserve. Afterwards, all data will be available via 

request to Sarah Donaher at sdonaher@live.unc.edu. In the past, we have shared similar data by 

publishing in peer-reviewed journals, presentations at conferences, presentations to organizations 

such as the Coastal Federation, through our lab website, and at outreach events. All future sub-

awardees not identified in this plan will have as a condition of their contract acceptance of this 

data sharing plan. Any additional data sharing stipulations for future sub-awardees may be outlined 

at that time and described in their contract.  
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Assistant Professor 

Department of Biology and Institute for Coastal Science and Policy 

N108 Howell Science Complex 

East Carolina University 

Greenville, NC 27858 

Phone: 252.328.9986  E-mail: gittmanr17@ecu.edu  

 
(a) Professional Preparation 

 

University of Virginia   Charlottesville, VA   Environmental Science   B.S. 2006 

University of North Carolina Chapel Hill, NC    Ecology       Ph.D. 2014 

Northeastern University   Boston, MA    Marine Ecology     2015-2017  

 

(b) Appointments 

 

2018, Assistant Professor, Biology and Coastal Studies Institute, East Carolina University 

2016-2017, Instructor, Marine Conservation Biology, Three Seas Program, Northeastern University 

2015-2017, Science for Nature and People Partnership Technical Liaison, Northeastern University  

2011-2014, NOAA National Estuarine Research Reserve Graduate Research Fellow, UNC Chapel Hill 

2006-2009, Environmental Consultant, Eastern Research Group, Inc. 

 

(c) Publications  

 

Five publications most relevant to the proposed project 

 

Gittman R.K., Fodrie F.J., Baillie C.J., Brodeur M.C., Currin C.A., Keller D.A., Kenworthy  M.D., 

 Morton, J., Ridge J.T., Zhang, Y.S. 2017. Living on the edge: increasing patch size enhances 

 resilience of restored salt marsh to inundation stress. Estuaries and Coasts. DOI 10.1007/s12237-017-

 0302-6 

 

Kenworthy M.D., Grabowski J.H., Layman C.A., Sherwood G.D., Powers S.P., Gittman R.K., Keller 

D.A., Fodrie F.J. 2018. Movement ecology of a mobile predatory fish reveals limited habitat  

linkages within a temperate estuarine seascape. Canadian Journal of Fisheries and Aquatic Sciences. 
DOI: 10.1139/cjfas-2017-0308. 

 

Gittman R.K., Peterson C.H., Currin C.A., Fodrie F.J., Piehler M.F., and Bruno J.F. 2016. Living 

 shorelines can enhance the nursery role of threatened coastal habitats. Ecological  Applications 26(1): 

 249-263. DOI: 10.1890/14-0716. 

 

Fodrie F.J., Rodriguez A.B., Baillie C.J., Brodeur M.C., Coleman S.E., Gittman R.K., Kenworthy M.D.,  

Poray A. K., Ridge J.T., Theuerkauf E.J., and Lindquist N.L. 2014. Classic paradigms in a novel 

environment: inserting food web and productivity lessons from rocky shores and saltmarshes into 

biogenic reef restoration. Journal of Applied Ecology 51 (5): 1314-1325. DOI: 10.1111/1365-

2664.12276. 

 

Gittman R.K. and Keller D.A. 2013. Fiddler crabs facilitate Spartina alterniflora growth, mitigating  

periwinkle overgrazing of marsh habitat. Ecology 94 (12): 2709-2718. DOI: 10.1890/13-0152.1 

 

Five other significant publications 

 

Smith C.S., Puckett B., Gittman R.K., Peterson C.H. 2018. Living shorelines enhanced the resilience of  

saltmarshes to Hurricane Matthew (2016). Ecological Applications. DOI: 10.1002/eap.1722  
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Gittman R.K., Scyphers S.B., Smith C.S., Neylan I.P., and Grabowski J.H. 2016. Ecological 

 consequences of shoreline hardening: a meta-analysis. BioScience 66(9): 763-773. 

 DOI:10.1093/biosci/biw091 

 

Gittman R.K., Fodrie F.J., Popowich A.M., Keller D.A., Bruno J.F., Currin C.A., Peterson C.H.,  and 

 Piehler M.F. 2015. Engineering away our natural defenses: an analysis of shoreline hardening in the 

 United States. Frontiers in Ecology and the Environment 13(6): 301-307. DOI: 10.1890/150065 

 

Gittman R.K., Popowich A.M., Bruno J.F., and Peterson C.H. 2014. Marshes with and without sills 

 protect estuarine shorelines from erosion better than bulkheads during a Category 1 hurricane. Ocean 

 and Coastal Management 102: 94-102. DOI: 10.1016/j.ocecoaman.2014.09.016 
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(d) Synergistic Activities 

 

• Technical Liaison, Science for Nature and People Partnership (SNAPP) Working Group, 

Aligning Coastal Restoration with Ecological and Societal Needs, National Center for Ecological 

Analysis and Synthesis, Santa Barbara, CA, 2016-2018 

 

• Member, Albemarle-Pamlico National Estuary Program Living Shoreline Steering Committee , 

North Carolina Department of Transportation Nature-Based Solutions Peer Exchange, North 

Carolina Division of Coastal Management Living Shoreline Permitting, 2013-2018 

 

• Invited Speaker and Panelist, Edges of Our Estuaries: Challenges and Opportunities for 

Managing Dynamic Shorelines, Restore America’s Estuaries Living Shoreline Summit, 

Congressional Coastal Community Caucus, New Hampshire Coastal Climate Summit 

 

• Expert Reviewer, The Living Shorelines Academy, North Carolina Coastal Federation, the 

Southern Environmental Law Center, the Pew Charitable Trusts, the Governor’s South Atlantic 

Alliance, and Environmental Protection Agency, 2013-2018 

 

• Training Organizer and Speaker, North Carolina Division of Coastal Management and Coastal 

Reserve: Wetland Identification, Shoreline Stabilization Options, Living Shoreline Design, 2016-

2018 

 

 

 



November 30, 2018 

 

Dr. Brandon Puckett 

Research Coordinator 

North Carolina Coastal Reserve and National Estuarine Research Reserve 

North Carolina Division of Coastal Management 

Department of Environmental Quality 

 

Dr. John Fear 

Deputy Director 

North Carolina Sea Grant 

North Carolina State University 

Raleigh, NC 27695 

 

Dear Dr. Puckett, Dr. Fear, and the Coastal Research Fellowship Review Panel: 

 

I am writing to express my support for Ms. Sarah Donaher’s proposal, entitled “Evaluating the ability of bivalve 

facilitation to enhance seagrass bed restoration” the North Carolina Sea Grant and N.C. Coastal Reserve’s 

Coastal Research Fellowship. Sarah’s proposed research will further our understanding of how to bolster seagrass 

resiliency in North Carolina and more generally how bivalves and seagrass interactions can be used to improve the 

success of seagrass restoration and recovery efforts. Sarah’s proposal specifically addresses the broad focus area of 

“evaluation of habitat restoration practices” and “ecological and geological responses to extreme events”. 

Sarah’s proposed research study is ideally suited for funding through the NC Coastal Research Fellowship, as it 

directly addresses Healthy Coastal Ecosystems Goal 2 of the Sea Grant 2018 – 2021 Strategic Plan by enhancing the 

effectiveness of restoration and conservation efforts in SAV ecosystems. Her proposed study will build upon my 

previous work on facilitation in salt marshes and our ongoing collaborative work on enhancing seagrass productivity 

and restoration through bivalve facilitation with faculty and graduate students at UNC Chapel Hill and Duke 

University.  

 

As Sarah’s faculty advisor, I am committed to guiding and advising Sarah through her dissertation research, which is 

currently focused on understanding the role of different marine species as facilitators of biogenic habitat resilience. I 

have worked closely with Sarah over the last several months to help her identify and refine her research interests and I 

am extremely impressed with Sarah’s determination, creativity, and desire to learn. Although Sarah has only just 

completed her first year of graduate school, she has already accumulated numerous prestigious awards and accolades. 

Sarah is a recipient of a National Science Foundation Graduate Research Fellowship and a UNC-CH Royster Society 

of Fellows Five-Year Doctoral Fellowship. Further, Sarah brings a unique perspective to her graduate work, with a 

Bachelor of Science from Clemson University in Environmental Engineering (Suma Cum Laude, 2017). I am 

confident that Sarah’s engineering background help will her identify and quantitatively test specific mechanisms 

responsible for ecosystem resilience.  

 



In addition to her commitment to research, Sarah is also committed to mentoring undergraduates and communicating 

the applications of her research to policymakers, coastal managers, and the public. Sarah is currently on the Scientific 

Research and Education Network administrative board and is working translate her research into classroom activities. 

She will be helping to organize the lesson planning training and K-12 outreach event to be held at the Pine Knoll 

Shores Aquarium in February 2019. Her goal is to ensure that her research, as well as other ecological research, 

reaches K-12 students and inspires the next generation of young ecologists.  

 

Sarah’s commitment to science and research has become increasingly apparent as we have worked closely together to 

test the role of clams in facilitating seagrass resilience when exposure to the press disturbance of nutrient loading. She 

has taken the lead on monitoring the experiment, processing samples, and analyzing the data. Further, Sarah excels in 

scientific writing and the oral communication of her research, two critically important characteristics of a successful 

scientist. Her work ethic, talent, and determination have easily convinced me that Sarah is well prepared to conduct 

the experiment she proposes for this fellowship. Therefore, I fully support Sarah’s application for the N.C. Coastal 

Reserve’s Coastal Research Fellowship and if she is awarded this fellowship, I will ensure that she has the support 

necessary to complete her proposed work. 

 

Best regards, 

 

 

 

 

Rachel Gittman 

Assistant Professor 

Department of Biology 

East Carolina University 

Adjunct Research Faculty 

University of North Carolina at Chapel Hill  

Institute of Marine Sciences 
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December 2, 2018 

 

Dr. Brandon Puckett 

Research Coordinator 

North Carolina Coastal Reserve and National Estuarine Research Reserve 

North Carolina Division of Coastal Management 

Department of Environmental Quality 

 

Dr. John Fear 

Deputy Director 

North Carolina Sea Grant 

 

To the Fellowship Selection Committee: 

 

I am writing to offer Sarah Donaher my most sincere support for the NCCR/NERR-NCSG 

Fellowship. Sarah was enrolled in the UNC Marine Sciences graduate-level core course, 

Biological Oceanography, which I co-teach, this past spring. She was easily one of the very top 

performers in this class (N=15) and I was extremely impressed by her commitment to the 

material we covered and the ease at which she picked up new concepts. This past summer, I also 

had the fortune to work with Sarah in the field on several occasions as she began to explore the 

North Carolina coast and consider the research topics that excite her most for her graduate work. 

Presently, I also serve as one of the members of her graduate committee. Therefore, I’ve already 

been able to consider Sarah’s academic research abilities very closely both in the classroom and 

estuary, and she has impressed me as an extremely talented and earnest young scientist.  

 

Sarah is clearly very bright, excelling as an undergraduate (all As!), and meriting a prestigious 

National Science Foundation Pre-doctoral Fellowship. Notably, Sarah also arrived in graduate 

school with an engineering background. While this training has undoubtedly provided her 

valuable quantitative skills, it also makes her rapid progress in developing an exciting, ecology-

based dissertation plan all the more impressive. She’s worked very hard to catch up on the 

natural science courses she missed as an undergrad, and every day makes huge strides in her 

ecological knowledge base. Given her engineering background, I have also been impressed by 

her natural talent as an ecological writer. 

 

Sarah has also demonstrated tremendous resilience and resourcefulness since entering our 

graduate program. Due to unforeseen health issues plaguing her original advisor, Sarah has had 

to craft a whole new advisor-student relationship with Dr. Rachel Gittman. Gladly, this appears 

to be a productive match, and one that will likely help Sarah balance her interests in basic 

ecology and applied marine conservation.  

 

As much as I support Sarah individually, I am also very impressed by the bivalve-seagrass 

research that Sarah has begun and proposes to expand as an NCCR/NERR-NCSG fellow. The 
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health of eelgrass and shoalgrass is closely related to the overall productivity and health of North 

Carolina’s sounds and bays. As such, understanding the role of bivalves such as hard clams in 

promoting seagrass resilience to largescale (or repeated) disturbance is highly relevant for the 

missions of both the NCCR/NERR and NCSG. I’ve already seen some of Sarah’s preliminary 

data in which the addition of clams to plots significantly enhances the growth rate of seagrass – 

this is very exciting! I applaud Sarah for working on this important topic. Our lab is also well 

positioned to aid Sarah with any logistic help she might need in the field or lab, as we routinely 

work in seagrass meadows in and around the Rachel Carson Reserve. 

 

Personally, Sarah is both professionally poised and disarmingly friendly. She would be a 

wonderful representative of both the NCCR/NERR and NCSG programs. 

 

Yours,  

 
Joel Fodrie 

Associate Professor 

Institute of Marine Sciences & Department of Marine Sciences 

University of North Carolina at Chapel Hill 

Email: jfodrie@unc.edu  

Web: http://www.unc.edu/ims/fodrie/ 

mailto:jfodrie@unc.edu
http://www.unc.edu/ims/fodrie/

