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The Role of Land Use and Land Cover  
in the Delivery of Nutrients to 

Delaware’s Inland Bays 
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Dr. William Ullman and Mr. Joseph Scudlark, 

Advisors, College of Marine Studies 
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Two years into her DWRC graduate fellowship 
project spanning 2000 – 2003, Jenn Jennings 
remains enthusiastic about future applications and 
development of her research. ”As a native 
Delawarean, I was attracted to the idea of working 
on a project that would one day lead to an 
improvement in our waters and ecosystems,” 
Jennings says.  “I was 
further interested in the 
idea of exploring how, or if, 
changes in the land use 
brought about by human 
encroachment in [the] 
coastal area [of Delaware’s 
Inland Bays] were affecting 
the nutrient levels there, 
and if this rising trend could 
be reversed by improved 
land management practices.” 
 
The fellowship project, one of three currently funded 
by the DWRC, will determine baseflow and storm 
nutrient loads, their seasonal variability, and the role 
of surrounding land use and land cover in the 
attenuation and delivery of nutrients to the estuary.   
The research builds on efforts conducted by the 
University of Delaware’s College of Marine Studies, 
Delaware Department of Natural Resources and 
Environmental Control (DNREC) and the U.S. 
Environmental Protection Agency (USEPA) Coastal 
Intensive Site Network (CISNet) program.  
 
Jennings was no stranger to water monitoring when 
she applied to the new DWRC fellowship program.  
She explains, “As a UD undergraduate in Chemistry, I 
conducted research with Dr. Tom Church on the 
environmental fate of arsenic and other metals.  Part 
of that research effort, collecting and analyzing water 
samples from the White and Red Clay Creeks in New 
Castle County, expanded to include sampling of the 
Inland Bays and their tributaries.  I then met Dr. Bill 
Ullman who explained to me his analyses of the Bays’ 
water for another purpose – evaluating the effects of 
nutrient over-enrichment on declining water quality.”  
 
Nutrient over-enrichment, or “eutrophication”, is 
caused by elevated nutrient loadings from domestic, 

municipal, industrial, and agricultural practices in the 
Inland Bays’ surrounding watersheds.  The 
phenomenon has led to excess nitrogen and 
phosphorus fertilization of estuarine plants, changes 
in phytoplankton species, and noxious and toxic algal 
blooms.  Other effects of eutrophication on the 
ecosystem include increases in turbidity and 
decreases in dissolved oxygen concentrations, both 
causing reductions in biodiversity, habitat, and fish 
and shellfish viability. 
 
In the coming year, Jennings (below, at the Inland 
Bays’ Bundicks Branch sub-watershed monitoring 
site) will calculate actual loads for her sampling 
periods, analyze a large existing database to derive 
loads for past years, and finally develop a model for 
estimating total annual storm loads.  “The main 
objective of my research,” she states, “is to use these 
actual water measurements to calculate the total 
nitrogen load to the Inland Bays and compare my 
results to levels estimated by Horsley & Witten, Inc., 
an environmental consulting firm, in a 1998 report 
prepared for the Center for the Inland Bays.”   

 
By applying her findings to other sub-watersheds of 
the Inland Bays Basin, Jennings hopes to provide 
environmental managers with a better understanding 
of nutrient cycles and trends to permit development 
and improvement of watershed land use practices, 
thereby reducing the occurrence and severity of 
eutrophic events.  
 

(See next page for preliminary findings) 
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Daily Nitrogen Loads at Bundicks Branch
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(Jennifer Jennings, continued from page 5) 
Of some preliminary findings (below), she says “A 
hydrological balance suggests that a substantial 
fraction of the water from the Bundicks Branch 
watershed discharges through the groundwater 
below our surface water gauging station.  As a result, 
measured nitrogen loads at the gauging station 
underestimate the true measured nitrogen loads from 
the watershed to the Inland Bays, which may be 
comparable to the Horsley & Witten estimates.”  For 
more information, contact Jennings at jenjen@udel.edu. 

DWRC Announces  2002 - 2003 
Undergraduate Interns 

 
Six University of Delaware junior undergraduate 
students were selected in April by the Delaware 
Water Resources Center (DWRC) Advisory Panel 
to participate in the 2002 DWRC undergraduate 
internship program.  Through DWRC's unique 
program, students and faculty from a variety of 
disciplines work together in research and education 
programs addressing water resource related issues of 
critical importance to Delaware and the Mid-Atlantic 
region. 
 
Laura Boyer, an Environmental Science major with 
minors in Spanish and Biology, was a Science and 
Engineering Scholar with the Undergraduate 
Research Program this past year.  She will be 
working on “Chemistry of Phosphorus in the Erodible 
Fraction of Delaware Soils”, with the goal of more 
accurate water quality modeling to prevent nonpoint 
source phosphorus pollution of Delaware’s surface 
waters.  Laura’s project advisor will be Dr. Tom Sims 
of UD’s Plant and Soil Sciences Department. 
 
Alexander M. DeWire’s internship project will 
study “Implementation of Riparian Buffers in 
Southeastern Pennsylvania, Delaware, and Eastern 
Maryland” under the advisement of Dr. Janet B. 
Johnson of the UD Department of Political Science.  
An Honors Program Natural Resource Management 

major minoring in Political Science, Alexander hopes 
to measure the extent of streamside reforestation by 
property owners to reduce nonpoint pollution, 
notably in the Chesapeake Bay watershed, and to 
develop a means for tracking these efforts by 
coordinating organizations. 
 
Kerrie Smith, a Mechanical Engineering student 
minoring in Mathematics and Physics, will team with 
advisor Dr. James Glancey of the UD Departments of 
Mechanical Engineering and Bioresource Engineering 
to study the “Development of a Real-time 
Measurement and Monitoring System for 
Microorganisms in Delaware Waterways.”  She aims 
to develop an “in-field” sensor that can detect 
potentially harmful aquatic microorganisms, such as 
pfiesteria and algae, and then integrate her detection 
methodology into a system capable of recording and 
transmitting water quality data.   
 
“Understanding the Mechanisms of the Spread of 
Phragmites: For Better or For Worse” is the project 
Michael T. League hopes will provide valuable 
research experience supporting improved wastewater 
treatment methodologies as well as wetlands 
protection and restoration.  His internship advisor will 
be Dr. John L. Gallagher of the UD College of Marine 
Studies.  Michael is majoring in Biological Sciences 
Education in the Honors Program, with a 
concentration in Marine Studies. 
 
Kristen A. Sentoff, an Honors Program student and 
Natural Resource Management major, will be 
researching aspects of "Managing Wetlands in 
Delaware in a Changing Legal Environment" for her 
internship.  Her project advisor is Dr. Joshua Duke of 
the UD Department of Food and Resource 
Economics. 
 
“Accelerated Pollutant Biodegradation by Electrode 
Use” is the title of Aditya Sharma’s proposed 
research project on design and use of bioremediation 
systems.    A Howard Hughes Medical Institute 
Scholar with the UD Undergraduate Research 
Program last year, Aditya is majoring both in 
Biochemistry and Biology / Psychology.  His advisors 
are Dr. Steven Dentel and Dr. Pei Chiu of the UD Civil 
and Environmental Engineering Department. 
 

UD Marine Studies Students 
Land Prestigious Marine Policy 

Fellowships 
 
Gerhard Kuska and Gonzalo Cid, doctoral students in 
the UD Marine Policy Program. are among 37 
nationwide receiving prestigious 2002 Knauss Marine 
Policy Fellowships.  They will work for one year at a 
Washington DC government agency.  For details, see 
http://www.ocean.udel.edu/newscenter/knauss02.html




