
 
Final Project                                                                                                                   Page 1 

 
 

 

                   

 

Final Project  

October 1, 2012 

Chris Fleshren 

George Mason University 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Final Project                                                                                                                   Page 2 

 
     Table of Contents       

Introduction...................................................................................................................................3 

Literature Review ........................................................................................................................4    

The Environment........................................................................................................................14 

Data Collection...........................................................................................................................14 

Technical Overview...................................................................................................................16       

GPS...................................................................................................................................16 

Methods......................................................................................................................................17 

Analysis and Findings................................................................................................................18  

 Western Wetland............................................................................................................18 

  Background........................................................................................................18 

  Soils....................................................................................................................19 

  Hydrology...........................................................................................................19 

  Sampling.............................................................................................................20

 Eastern Wetland..............................................................................................................21       

.  Background.........................................................................................................21  

  Soils....................................................................................................................22 

  Hydrology...........................................................................................................22 

  Sampling.............................................................................................................22 

Conclusions................................................................................................................................23 

Elevations Map...........................................................................................................................25 

Soils Map....................................................................................................................................26 

Final Delineation Imagery..........................................................................................................27 

Bibliography...............................................................................................................................28 

       



 
Final Project                                                                                                                   Page 3 

 
              Introduction                                                            

 Human population growth is causing increased consumption of natural resource. If these 

resources are going to be available for future generations, we must find more-effective ways to 

conserve them.  However, before any natural resource can be protected or exploited, its location 

and accessibility must first be determined.  Geographic Information Systems (GIS) are a leading 

cartographic technology capable of investigating, evaluating, predicting, and depicting systems as 

complex as the natural relationships in ecosystems and our environment.  To determine the 

location and attributes of natural resources anywhere on Earth, modern cartographic 

technologies—including GIS—use data captured by remote sensing satellites, aerial photography, 

and endless field-sampling techniques. These same data sources enable many GIS applications 

beyond natural resource study.  Virtually every physical feature and characteristic on our planet 

can be analyzed and better understood with the help of GIS.     

Wetlands are sensitive filters of both inland and coastal watersheds.  Without them our 

environment suffers degradation from many interdependent functions and processes.  Among 

these are increases in disease carrying insects, loss of habitat for countless species of plants, birds, 

animals and marine life, as well as erosion which removes valuable land and causes turbidity in 

larger ecosystems downstream.  Since the Industrial Revolution, urban development and progress 

have caused large scale destruction of these critical components in our environment.  

My disciplines are: Geographic Information Systems, and Global and Environmental 

Change.  My concentration is Global Environmental Information Systems. For my Senior 

Capstone project I used a GIS to identify and illustrate the location and dominant characteristics of 

the natural wetland environment on George Mason University’s campus in Prince William 

County.  One goal of this project is to show how GIS can contribute to the study and resolution of 

an environmental challenge. A secondary benefit of this project was to provide George Mason                               
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University with baseline soil, hydrology, and plant information for comparison when doing future 

research at this site on the Prince William campus.              

       Literature Review  

The following is an exploration of the sources I have been using for my project and for 

future career awareness beyond the classroom. The major differences and similarities of related 

sources were reviewed, and the reason I value each source has been explained.  

Application of GIS for Evaluation and Design of Watershed Guidelines is a unique case-

study written by Bhalla, Pelkey, and Prasad in 2011.  This study uses GIS to examine watershed 

functions for planning, restoration, and creation.  It contributes to my project by helping me 

evaluate the larger impact that the wetlands in my study might have on the watershed, and the 

watershed’s impact on the wetlands. One noteworthy watershed study discussed by the authors 

involves Geographic Resource Analysis Support Systems (GRASS), which is a free, open-source 

GIS adept at modeling large scale environments such as watersheds.  This modeling can predict 

ranges of impacts on almost any facet of an ecosystem. Results from the models can then be used 

to further analyze potential social and economic reactions to modifications of wetlands or any 

water feature in the Watershed.    

Delineating wetlands relies on techniques that take into consideration the many different 

features of wetlands.  In 2000, Cedfeldt, Watzin, and Richardson wrote; Using GIS to Identify 

Functionally Significant Wetlands in the Northeastern United States.  In this article, the authors 

describe ways that flood control, wildlife habitat and surface water quality can be analyzed in a 

GIS to help predict outcomes—which aid in the understanding and management of wetlands. The 

limited geographic and temporal scale of my project prevents my directly applying most of the 

authors’ techniques at this time; however, I am likely to encounter these watershed relationships in 

the future. None of my other sources elaborate on these authors’ techniques. 
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Another important GIS capability is the analysis and mapping of sediment accumulation. 

This is important because high sediment flow rates into a wetland can destroy the wetland by 

gradually raising the elevation—which increases run-off and results in the presence of less water.  

In 2012, Garg and Jothiprakash wrote: Sediment yield assessment of a large basin using PSIAC 

approach in GIS environments.  The initials PSAIC stand for Pacific Southwest Inter-Agency 

Committee. The authors’ study takes place in the Pacific Southwest, but sedimentation in wetlands 

has similar results everywhere.  My other sources do not cover this subject, which may prove 

valuable in helping me evaluate the composition and movement of the soils in my wetland study.  

Like many resources, wetlands are subject to politics and policies.  Limited funding ensures 

that only a percentage of wetlands will receive adequate protection.  To aid in the selection 

process, Kauffman and Steinberg wrote the 2010 article: Development and Application of an 

Automated GIS Based Evaluation to Prioritize Wetland Restoration Opportunities.  Most of the 

other sources in my bibliography discuss the most critical problems facing wetlands, but none of 

them offers a GIS-based solution for the simultaneous evaluation and weighting of the challenges 

of multiple wetlands. This information may not appear to be immediately needed for my wetland 

study, but it does present me with ideas to consider when determining how detrimental some 

environmental feature may be to the wetlands in my study—like Poison Ivy.  

One critical aspect of wetland functions relates to the amount of water a wetland holds when 

it is full compared to when it is not. To better understand this process, Nilsson, Ross, and Trout 

wrote the 2008 article titled; Analytic Method to Derive Wetland Stage-Storage Relationships 

Using GIS Areas. In the article they develop a method for predicting the hydrologic changes in 

streams and flood plains in response to what storage stage a wetland is prior to increased water 

input.  Knowing baselines and predicting responses helps hydrologists interpolate flow potential 

for accurate engineering of development.  None of my other sources discuss using GIS in this 
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manner. This source helps me consider some potential effects of saturated soils in my wetland 

study.  

Satellite imagery is often considered when delineating wetlands as discussed in the article 

titled; A logit model for predicting wetland location using ASTER and GIS (Pantaleoni, et al. 

2009).  ASTER stands for Advanced Space borne Thermal Emission and Reflection Radiometer 

(Pantaleoni, et al. 2009).  ASTER is a satellite imaging system that can identify wetlands by 

sensing a very specific spectrum.  Its advantage is to predict the location of numerous wetlands 

simultaneously over large areas.  While examining satellite imagery of the wetlands in my study, I 

discovered numerous White Oaks had died within a 2 or 3 year period.  ASTER is more 

economical than site surveying, very accurate for mapping wetlands over large areas, and may be 

able to help explain mass die-offs of fauna like the White Oaks in my wetland study.  None of my 

other sources delve into this method of wetland research.   

In 2009, Rebelo, Finlayson, and Nagabhatla wrote the article; Remote sensing and GIS for 

wetland inventory, mapping and change analysis.  This project is a collaboration involving many 

countries. The goal is to use satellites to map all of the wetlands on the planet and enter them in an 

internationally accessible database. The initiative was inspired by the radically declining condition 

of wetlands around the world and the impact the declines have on their respective ecosystems. 

This does not immediately impact my wetland study, but since Prince William County’s records 

do not currently acknowledge that there is a wetland on the Prince William campus, it will be 

interesting to see the results of this global inventory.  None of my other sources discuss this global 

wetland imaging program.   

 Preserving wetlands is often very expensive.  In 2004, in an effort to improve the planning 

options for transportation corridors, Roise, Shear, and Bianco wrote; Sensitivity analysis of 

transportation corridor location in wetland areas: A multi-objective programming and GIS  

                      



 
Final Project                                                                                                                   Page 7 

 
approach.  Their work focused on using a GIS to analyze differently weighted criteria for highway 

route construction planning. The different criteria ranged from water quality, construction costs, 

habitat quality, and hydrology; resulting in different paths of construction and different costs and 

impacts.  Methods used for this process may help me consider the impact the particular routing of 

the power-line installation has had on the wetlands in my study.  None of my other sources present 

any kind of highway cost verses impact modeling program.   

Using GIS, the U.S. Fish and Wildlife Service conducted a nationwide survey of isolated 

wetlands using existing data. Ralph Tiner wrote about this study in his 2003 article titled; 

Estimated Extent of Geographically Isolated Wetlands in Selected Areas of the United States. The 

purpose of the survey was to predict the location and extent of the various types of wetlands such 

as marshes, west coast vernal pools, playas, terminal basins, rainwater basin marshes and 

meadows, prairie pothole, sinkhole wetlands, Carolina bays.  I am interested in this source because 

it was authored by one of the most prolific authors on wetland science—Ralph Tiner.  He authored 

or helped author three of my other sources and is cited in all of my other sources more than any 

other author.  

This 1999 article; A GIS-based plant prediction model for wetland ecosystems, by Horssen, 

Schot, and Barendregt, may be somewhat dated, but it is the only source I could find which used 

GIS to study of the diversity and abundance of wetland plants. In the prediction model created by 

the authors, a GIS looks at the chemical composition of ground water and interpolates the 

resulting changes in plant nutrient levels or required-nutrients depending on the parameters 

selected for the model being run.  These include plant species, location, season, precipitation, and 

run-off among many others.  None of my other sources cover this subject. 

Wetland Landscape Characterization: GIS, Remote Sensing, and Image Analysis, was 

written by John G. Lyon in 2001.  Admittedly, since that time there have been many advances in  
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both GIS and wetland environmental knowledge. However, this book is a well-organized 

collection of many core concepts and applications for the study of wetland ecosystems.  Many 

pictures and illustrations help explain how to interpret wetland characteristics using satellite 

imagery and aerial photographs in a GIS.  My other sources mention similar use of image 

technology, but this source’s structure and presentation make it just as seminal as the work of 

Ralph Tiner.                     

  Another timeless source I discovered is: Wetlands; Mitigating and Regulating Development 

Impacts, by David Salvesen (1994).  While many books and papers have been written on the 

subject of mitigating developmental impact, this book includes a collection of case-studies 

showing examples of wetland improvement efforts—both failures and successes.  Each case study 

includes hindsight mitigation strategies aimed at preventing similar mistakes in the future.  The 

case-studies reviewed in this book offer perspectives not found in my other sources.  Not long 

after Salvesen’s book was published, another interesting mitigation tactic was discussed by Mitsch 

and Gosselink in their 2007 book titled; Wetlands.  They explain how “Mitigation Banks” are 

wetlands created to compensate for wetland destruction.  Anticipated development in 

environmentally sensitive areas inspired these banks.  If a developer’s plans will result in the loss 

of existing wetlands, that developer can purchase credits to have a wetland of proportional value 

or importance created elsewhere.          

 Van der Valk’s 2006 book titled: The Biology of Freshwater Wetlands; Biology of Habitats 

is one of two books I selected for their biological contribution to my project.  In particular, this 

book’s 150 pages of drawings of wetland plants and their habitat makes it an excellent field-guide 

for my project.  Compared to Cronk and Fennessey’s 2001 book titled Wetland Plants: Biology 

and Ecology—which delves deep into specific types of wetlands—van der Valk’s book has a more 

universal focus on the characteristics and responses of wetlands in general. Both books address  
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wetland biological responses to changes in sunlight, oxygen, temperature and water levels; and 

both books discuss how these changes impact wetland bacteria, algae, amphibians and mammals.  

However, with more than 450 pages, Cronk and Fennessy’s book is more comprehensive and 

includes characteristics of wetlands in other countries.  Over 70 original photographs, 140 figures, 

40 tables, and the citation of more than 1200 journal articles, reports and books, help make this 

book a seminal source on wetland plant biology and ecology.  Other books in my bibliography 

lack many of the biological relationships mentioned in this book.    

 Another book I chose for its field-guide potential, written by John and Lynn Lyon is: The 

Practical Handbook for Wetland Identification and Delineation (2011).  Many of my other 

sources discuss the defining characteristics of wetlands, but none of them do so from a 

jurisdictional perspective.  Water always flows downhill; therefore, the hydrology of one 

jurisdiction can have a tremendous impact on a neighboring jurisdiction.  Various regulatory 

policies in one jurisdiction can heavily impact the ecology of wetlands in downstream 

jurisdictions. This book focuses heavily on jurisdiction issues and how the wetland conservation 

policies of their governing bodies can influence or manipulate the environmental quality of 

neighboring jurisdictions.  All wetlands are part of some watershed.  Therefore, a comprehensive 

evaluation of the wetlands in my project must consider the effects of neighboring uphill 

jurisdictions, as well as how it affects neighboring downhill jurisdictions.  Finally, page 11 of this 

book contains the definition of wetlands I intend to use for the wetlands characterization and 

delineation challenge of my project.  This definition, called “USACE 1987”, was drafted by the 

U.S. Army Corp of Engineers in 1987 and has become the most widely accepted definition in the 

United States.             

 The interdisciplinary approach to my concentration and the interdisciplinary needs of my 

project benefitted from this collaborative book edited by Ben LePage titled: Wetlands;   
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Integrating Multidisciplinary Concepts (2011).   In his pursuit of wetland conservation, LePage 

examines the contributions of 19 specialists from industry, academia and government.  Some of 

my other sources discuss these same specialties, but none consolidates them for an 

interdisciplinary perspective as does LePage.  For my project I applied several different disciplines 

mentioned in this book, such as: geology for soil characteristics, botany for plant identification, 

and hydrology for water flow patterns. This source contributed to my project by showing me how 

the various specialties must work together to resolve wetland ecological challenges.     

LePage and the other authors in my bibliography discuss wetland birds to varying degrees, 

but none as in-depth as Milton Weller does in his 1999 book titled: Wetland Birds.  Birds are an 

integral component of wetlands.  I specifically appreciate this book’s diagrams, drawings and 

photographs, which helped me as a field-guide for bird identification. The identification of bird 

species and their populations is one facet of wetland characterization and delineation.  All of my 

other non-GIS sources discuss wetland birds to various extents, but none equal Weller’s diversity 

of species, or his coverage of their behavior and relationships within wetlands.    

 Birds are common in all healthy wetlands, but some wetlands are anything but common.   

Bogs of the Northeast, written by Charles Jonson in 1985, discusses several unique types of 

wetlands in the northeastern United States—bogs, fens, and peatlands.  My favorite features of this 

book are the author’s photographs and drawings of the flora and fauna in these unique wetlands.  

The other sources in my bibliography include comparatively little on these wetlands.  Being aware 

of the unique ecological processes and relationships in these special wetlands enhanced my 

perspective of the wetlands in my project.           

 A few of Johnson’s bog features are briefly mentioned in Ralph Tiner’s 1999 book titled: 

Wetland Indicators; A Guide to Wetland Identification, Delineation, Classification, and Mapping.              

However, Tiner’s main focus is on wetland soils and hydrology in the continental United States.   
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The author discusses ways that soil and hydrology determine the plant life in wetlands, and how                       

that plant life attracts wildlife specifically adapted to that habitat.  Tiner conveys many of his 

assertions through photographs, charts and tables; which helped me learn to discriminate 

numerous environmental features in my wetlands project. Finally, the book’s excellent coverage of 

mapping examples helped me consider presentation methods for the GIS portion of my project.  

Several of Tiner’s mapping techniques are also mentioned in these sources in my bibliography: 

Lyon and Lyon’s Practical Handbook for Wetland Identification and Delineation, John Lyon’s 

Wetland Landscape Characterization; GIS, Remote Sensing and Image Analysis, and Mitsch and 

Gosselink’s Wetlands.  

Beyond mapping, Mitsch and Gosselink’s 2007 book—Wetlands—is the most seminal work 

I have discovered for the environmental discipline of my project.  At over 500 pages, the fourth 

edition of this book has evolved for over 20 years into what is likely the single most 

comprehensive collection of wetland information. The book’s scope and detail would make it my 

choice if allowed only one source of environmental information for my project.  While this book’s 

subjects overlap in some way with almost all of my other environmental sources and a couple of 

my GIS sources, none of my other sources contain as many insightful tables, graphs, diagrams and 

photographs.  Wetlands’ subjects range from modern wetland municipal compatibility, to our 

motivation and methods for widespread wetland destruction in the United States during much of 

the 18th century.   One of my sources that also covers much of the detailed plant and soil 

information in Wetlands, is Ralph Tiner’s 1999 book titled: Wetland Indicators; A Guide to 

Wetland Identification, Delineation, Classification, and Mapping.  Tiner examines the specific 

traits in plant populations that take advantage of specific soil and hydrology attributes.  Other                            

sources in my bibliography lack Tiner’s many excellent photographs, figures and tables of plants          

and soil characteristics.  Defining the borders of the wetlands requires a means of physically  
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defining key changes in soil composition over a given area. One of Tiner’s very important        

contributions to my project is a discussion on the alternative methods for determining soil 

characteristics without the use of core samples.  The soil composition and location information I 

gathered in the field gave me the data necessary for analysis in a GIS; which enabled me to make a 

reasonable determination of the location of the wetland borders.    

The first of two textbooks used in my introductory GIS class was written by Paul Longley, 

Michael Goodchild, David Maguire and David Rhind in 2011.  Titled; Geographic Information 

Systems and Science, this book’s greatest contribution to my project lies in its specific 

applications of GIS for analyzing and presenting the plant, soil and hydrology data I gather.  

ArcGIS is the name of the particular GIS software I used for my project, and while this book has 

significant information on ArcGIS; my project relied heavily on the additional instruction found in 

Mastering ArcGIS, by Maribeth Price (2012).  Price’s book was the second of two textbooks used 

in my introductory GIS class.  With more than 600 pages of text and screen-shots, the book is 

largely structured as a tutorial for learning the features, functions and capabilities of ArcGIS.  

Other books in my bibliography consider GIS, but this is the only one focusing solely on ArcGIS.  

One reason ArcGIS is so well suited for the environmental pursuits of both my project and my 

concentration, is because the software’s inception was a product of environmental work.  E.S.R.I. 

is the acronym for Environmental Systems Research Institute—the company responsible for 

making ArcGIS the most popular and widely used GIS software.                                  

 Another unique GIS feature which might contribute to my project is discussed in Hul, 

Gabriel, and Bodensteiner’s 2003 Wetlands journal article titled: Inventory and Characterization 

of Wetland Habitat on the Winnebago Upper Pool Lakes, Wisconsin, USA: An Integrated 

Multimedia-GIS Approach. These authors incorporated multimedia features into GIS mapping       

presentations, and they are the only authors in my bibliography who dwell on GIS multimedia.  



 
Final Project                                                                                                                   Page 13 

 
Wisconsin’s Upper pool Lakes have little to do with my project, but I am interested in the 

potential enhancement a video clip could bring to my final ArcMAP presentation for BIS491.  

An excellent example of GIS software in action was described by Luca Palmeri and Michael 

Trepel for volume 16 of the 2002 edition of the Water Resources Management Journal. That 

article, titled; A GIS-Based Score System for Siting and Sizing of Created or Restored Wetlands: 

Two Case Studies contributed to my project by highlighting how the watershed both affects and is 

affected by the wetlands in my project.  The authors created a convention for determining the best 

location and size of wetlands—created or restored—based on maximum benefit to the watershed.  

Their case studies show ways their scoring system can be used as a tool to assess and improve 

watershed management and planning.  Even though the relatively small scale of my project may 

prove to be a limiting factor, I hope to discover ways in which these authors’ scoring matrix might 

be applied to the wetlands in my project to assess its relative value or importance to the watershed. 

None of my other sources discuss this sort of classification technique for categorizing wetlands; 

however, according to Google Scholar, 19 other authors have cited this article.                   

 A viable scoring matrix is one technique that could help with certain wetland mapping 

challenges.  Many more techniques are discussed in Jon Kimerling, Aileen Buckley, Phillip 

Muehrcke and Juliana Muehrcke’s 2009 book: Map Use: Reading and Analysis. My introductory 

mapping class used this textbook, but it provides much more mapping information than the 

fundamentals.  This book is my best source of information on the three most critical factors that 

influence the accuracy of maps: datums, geographic coordinate systems, and projections. These 

are reference elements upon which all modern maps and their interpretation are based.  Accurate 

mapping of my wetlands project depends on my deliberate selection of these references in ArcGIS         

and in my GPS receiver.  This book also contains significantly more information on the Global 

Positioning System (GPS) than any other source in my bibliography.  GPS is the technology I used 
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to determine the location of evidence I gather during my project. More information on GPS and 

ArcGIS is discussed in the “Methods” section. 

                 The Environment                 

 There is a consensus among the authors in my bibliography that the many complex 

processes and relationships in wetland ecosystems make it difficult to draft a black-and-white 

definition of a wetland.  Defining some locations as a ‘wetland’ is straightforward because they 

have every possible feature of a wetland.  Other areas may have adequate soil saturation—called 

‘hydric’ soils—and the ideal climate for wetlands; however, a single chemical or biological 

process can be rendering the soil inhospitable to the plant diversity needed to sustain a wetland.  

Water availability, flow rates, and evaporation—in concert with soil composition and 

topography—determine the saturation and erosion rates of soils.  Saturated soils and other 

processes reduce the available oxygen sought after by the roots of many plants—preventing them 

from succeeding in the area.  However, these ‘anaerobic’ soils can provide excellent opportunities 

for many other plants specifically adapted to such habitats.  Likewise, certain plant species are 

alienated by unique microbial and bacterial environments in wetlands, whereas other plants are 

uniquely adapted to thrive.  Wetlands are also influenced by many other factors including, latitude, 

continent, climate, insects, and tree canopy density. 

          Data Collection         

 The layout and tactics for my data collection followed the “Routine-Level Methods and 

Analysis Procedures” described on pages 26-34 of Lyon and Lyon’s Practical Handbook for 

Wetland Identification and Delineation (2011).  My wetland delineation study began with 

reconnaissance of an area several hundred feet beyond the area of the suspected wetland, taking                            

note of certain plants, soil conditions, and apparent hydrology. Next, I compared the location of 

the features I observe, with the data I obtained from the Prince William County.  Results of this  
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comparison determined where I began gathering my specific data.  The location of data I gather 

using the GPS receiver was stored as lines and waypoints. The lines marked stream paths, while 

the waypoints marked the ends of numerous, strategically placed transect-lines.  Lengths of 

transect-lines were influenced by the geographic distribution of the data and the extent of the 

forested areas of my study.  The size and abundance of particular wetland plant species on both 

sides of the line were be noted.   I did this for more than one type of wetland plant, and I did the 

same for one other species of tree or plant that is known not to tolerate the saturated soils in the 

area.   

The plant and tree species I select as representative for the data I collected was the species 

showing the greatest contrast in size and abundance from one side of the transect line to the other.  

One way plants are categorized, relates to their likelihood of being found in particular 

environmental conditions.  Table 1 on the following page shows plant codes and the tendency for 

different categories of plants to be found in that type of environment.  Results of the survey were 

then entered into ArcMap to create new feature layers for my analysis. 

                   
      Table 1 
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     Technical Overview                              

                             GPS         

 To record and revisit the locations of my field evidence I used the eTrex 20 GPS receiver 

manufactured by Garmin.  This receiver simultaneously processes the line-of-sight signals from 

the Global Positioning System satellite constellation deployed by the United States; for improved 

accuracy, the eTrex also receives position information from a similar constellation deployed by 

Russia called GLONASS.  When working in the field, the eTrex 20 allows me to record into its 

memory, the location of every sample I take.  This includes the paths of streams or                   

other routes.   The data is stored in the GPS as a waypoint or a line, which becomes a file in the 

GPS memory.  In addition to a name or other descriptors I manually enter for cataloging the 

samples, the receiver automatically attaches metadata to each waypoint file. That metadata 

includes the datum and geographic coordinate system used—as discussed on page 9.  For my 

evidence to be accurately located geographically, it is crucial that I select the same datum and           

coordinate system in the GPS that I am using in ArcMap.  Depending on the receiver’s exposure 

to the satellites, the eTrex 20 can accurately record waypoint locations to within ±10 feet; with an 

option to obtain accuracy to within a fraction of a meter by using an integral waypoint-averaging 

feature.   A third party software program called ExpertGPS was used to convert the waypoint file 

type in the eTrex 20 receiver, into a “shape file”, which is the file type recognized by ArcMap.  

Transferring all of my data from the eTrex 20 into ArcMap, consolidated the data and allowed me 

to populate the layers I created for comparison.  Representative plant species and their prevalence 

between the end-points were manually entered into ArcMap from my transect lines and plotting 

recorded in my field manual.  
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Methods 

I used ArcMap to compare the relationships between the evidence and features I record, and 

those obtained from Prince William County.  Additionally, my soil and hydrology results were 

compared with the textual description of these features as published in Prince William County’s 

GIS Digital Data Dictionary.  After analyzing all of the information, I used ArcMap to create a 

map showing the border and dominant features of the wetlands, or the areas most closely 

resembling wetlands on The Campus.  Ultimately, my results represented current conditions 

because from one year to the next, wetland ecologies often vary dramatically in response to 

constantly changing of environmental factors.       

The analysis of the data I collect for my wetland delineation consisted of direct numerical 

comparisons of locations of plant and tree species. This comparative data was considered along 

with my soil, hydrology and topography data.  Tree data is especially valuable for wetland 

delineation because it takes many years for trees to mature.  This can provide a relatively lengthy 

temporal perspective of wetlands by showing the approximate number of years that an area         

experienced certain water availability and soil composition.  Each tree species exists in a niche 

that has unique soil compositions and moisture characteristics.   For example, White Oak trees are 

typically found in upland elevations with dryer soils, while Pin Oaks are successful moist lowland 

environments.  Both of these tree species are common in the geographic area of my wetland study.  

The differences in the numbers of these and other trees along my transect lines provided evidence 

of the areas which have higher moisture content and particular soil types.  The areas with a higher 

concentration of Pin Oaks on one side of a transect line than the other suggest the presence of 

moist wetland soils relative to the ratio of the species from one side of the line to the other.   Once 

I identify these areas of potentially higher moisture content, I can locate them on my map in 

ArcMap.  Further analysis using the hydrology and topography base map layer data in ArcMap  
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helped me to formally identify the borders of areas that appear to be wetlands.  Plants on the forest 

floor were also considered in my delineation process.  The presence of plant species that are 

officially recognized and categorized as wetland plants influenced my determinations.   Stream 

routes I tracked using a GPS receiver further impacted my findings and determination.                

   

          Analysis             

                                                        

         Western Wetland  

BACKGROUND: The wetlands west of the power lines are under a canopy of relatively 

healthy, mixed deciduous (~85%) and conifer tree (~15%) species; which appear to average 50 

feet tall.  A cursory physical observation of the landscape’s ground cover, hydrology and soil 

composition, as well as existing records of these features in Prince William County’s GIS 

database, helped me locate transect lines where they would produce the greatest difference in 

comparative results. 

 SOILS:  Prince William County records define the soils in the Western Wetland as 

Waxpool Silt Loam; which is minimally erodible, has slow to very-slow runoff, and is typically 

found in mixed hardwood forests. These features were undisputed by the results of tactile 

inspection of soil dug from 14 small holes, each ~12” deep and located every 100 feet in a regular 

grid pattern across the basin. All but the four southernmost samples contained gleyed soils.  Less 

moisture at these four locations is partially to blame.  While this dryer soil supports ~20% less 

ground cover than the rest of the wetland, it has not altered the ratio of hydrophytic to non-

hydrophytic plant species. No infiltration or erosion tests were accomplished, no Munsell color 

evaluations were made, and no auger samples were collected to verify the County’s soil 

composition records.  
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 HYDROLOGY: Other than precipitation, the wetland’s only apparent source of water is 

from a single stream which enters the property from the northwest, and flows south-east to the 

wetland’s topographically depressed basin.   During this study, the Tributary which joins the 

Primary Stream remained dry; however, large collections of acorns and Hickory nuts in the gully 

suggest flows in the recent past.  As flow from the Primary Stream diffuses across the depressed 

basin, excess water flows out of the wetland through the stream and tributary shown in the eastern 

portion of each map.  During this study, the Primary Stream flowed for only a day or two after 

rains, and produced no overflow from the basin.  Heavier rains would supply enough water for 

initial infiltration to saturate the basin; resulting in flow out of the wetland. No infiltration rate 

tests were accomplished and no local rain gauge information was available.  The Primary Stream 

enters the northern extent of the wetland ~7 feet higher in elevation than where it exits at the 

southernmost point.  Moisture is sustained in the basin by the shade of the diverse and abundant 

flora, the gradual cradling effect of the topography, and the poor infiltration rate of the Waxpool 

Silt Loam soil. 

SAMPLING: To help determine where soil moisture and composition differ, the abundance 

and species of trees within 50 feet of both sides of numerous line transects were recorded. The 

trees I considered statistically worthy of inclusion were those appearing relatively healthy and at 

least ~30 feet tall.  Trees were excluded from my analysis if their species counted for less than 5% 

of the total number of trees counted.  The scale of this study did not permit inclusion of formal 

ground-cover data assessment using methods such as the 50/20 Dominance Rule; however a 

coarse observation along the transect lines revealed >100% coverage,  and >80% of the plant 

species are either OBL, FACW, or FAC (see Table 1 on page 16).  The abundance of these 

plants—consisting of a diverse mix of forbs, grasses, shrubs and woody vines—confirms that the 

soils are at least occasionally saturated during the growing season.  For aggregate tree sample  
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results see Table 2 on page 1.  There were no trees to count in the swath, however; tree and 

ground-cover observations were still made under the forested edge of the swath for comparison 

with the results obtained from the wet-side of the transect lines.  The plant species within ~25 feet 

of the basin’s eastern and southern borders differ from those in the wetland’s interior due to 

greater sun exposure, yet they still suggest the existence of a wetland environment because the 

ground is still >100% covered and >80%  of the plant species are either OBL, FACW, or FAC. 

While examining summer 2009 satellite imagery of the wetlands in my study, I observed 

numerous large dead trees standing within my delineation of the Western Wetland. These trees 

appeared to be White Oaks which are plentiful beyond my delineation.  In 2004 imagery, the trees 

appear healthy.  To assess this discovery, I roped off two squares measuring 175 feet by 175 feet; 

one inside the wetland and one outside, just to the north. Inside the wetland square there were 14 

large dead trees counted. The square outside the wetland contained only large dead trees. The 

entire forest is subjected to the same weather and climate. Therefore, the Western Wetland trees 

suffered a dramatic change in the Primary Stream’s water quality or quantity; or some blight,                                 

organism or pest—such as Gypsy Moths—found the wetland trees more desirable than that same 

species of tree outside of the Western Wetland border. Results of the soil and hydrology tests 

omitted from this study, as well as a review of significant watershed changes just preceding the 

tree deaths might help explain the causes of the tree deaths.    
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Table 2 

      

             EASTERN WETLAND 

BACKGROUND: The power-line installation and subsequent secession of plant life 

contradicts the use of transect lines for tree and plant comparisons along the Eastern Wetland. 

There are no trees to count in the swath and the areas with more moisture reach only a few yards 

into the forest—where more sunlight now penetrates.  This has produced a long narrow mix of 

plants and trees with no local reference for comparison.  Therefore, determination of the Eastern 

Wetland’s border has been accomplished using elements of hydrology, geology and the absolute 

presence of wetland plants. This method of wetland delineation is known as the “Primary 

Indicators Method”, with the acronym PRIMET.  

SOILS: The Eastern Wetland lies within the same Waxpool Silt Loam region as the Western 

Wetland (see Soils map on page 24). Digging small holes in the Eastern Wetland produced 

samples similar to those in the Western Wetland.  The soils became progressively drier as latitude 

increased.   Very moist soil was found under the densest ground-cover located in the southern 
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most area of the wetland, but only for a day or two after rains. No infiltration or erosion tests were 

accomplished, no Munsell color evaluations were made, and no auger samples were collected to 

verify the County’s soil records.  

HYDROLOGY:  The Eastern Wetland does not appear to receive any water beyond the 

general collection of precipitation—no stream gully leads into or out of the area.  Additionally, 

after several typical July and August thunderstorms, there were no current signs of water having 

ever flowed from the Eastern Wetland into the Western Wetland even though the topography 

suggests that is the natural flow direction (see Elevations map on page 23).  The borders of 

roughly the southern half of the Eastern Wetland define a depressed area of terrain. This is 

reflected in the Elevations map below, and the result is a slight cradling of water which supports 

considerably more growth than the areas beyond. The shade of this heavy growth helps limit 

evaporation rates. Infiltration rates were not tested, and no rain gauge information was recorded 

for this study.  

     SAMPLING: Plant and Tree Observations:  Approximately one-third of the Eastern Wetland 

is un-forested, and the half that is forested gets significantly more sunlight than before neighboring 

trees were cut for the power-line swath. The Eastern Wetland is narrow and runs lengthwise along 

the power lines.   Ample sunshine is altering the composition of the plant community from its 

prior forested identity.  The ground cover is >100% in the un-forested section, and under the trees 

it is ~75%.  The most sun exposed areas of the Eastern Wetland have more grasses, sedges, asters, 

joe pye weed, goldenrod, thistles, and nettles than shadier sections.  The shadier areas have more            

greenbriar, brambles, greendragon, jewelweed, Christmas ferns, and Rubas variants. Each area has 

~80% FAC or FACW plants. The tree species observed within the mapped borders of the Eastern               

Wetland are listed here from most-abundant to least: Ash, Hickory, Red Maples, Swamp White 

Oaks, Elms, Pin Oaks, Cedars and Dogwoods.  Except for the unexpected finding of a high  
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percentage of Hickory trees, the Eastern Wetland’s community of trees is dominated by those in 

the FAC and FACW categories. Poison Ivy in the Eastern Wetland was roughly half as common 

as in the Western Wetland, and fewer than 1 in 10 trees in the forest east of the wetlands were 

afflicted with the vine. Also discovered in the forest just east of the Eastern wetland’s boundaries 

was a mix of White Oaks and Virginia Pines similar in abundance to the drier uplands surrounding 

the Western Wetland.  Finally, almost no Red Maples, Dogwoods or Swamp White Oaks were 

discovered after travelling ~150 feet into the forest. No Red Maples were found on the western 

side of the power lines, but thousands of baby Maple trees are growing in the swath so they are 

dispersing in that direction.  

              Conclusion 

  The goal of this project was to delineate any wetlands on George Mason University’s 

Prince William Campus.  My research shows how I arrived at my findings, which allowed me to 

produce maps which show the location and dominant features of the wetlands.  The Eastern and 

Western Wetlands are very different in terms of water supply and sunlight exposure. These 

different abiotic influences have resulted in different plant and tree growth in the two wetlands, 

which in turn attracts a different community of insects, plants and animals. This created a new 

dynamic between these once contiguous wetlands and results in greater species diversity within a 

given area—which has historically benefitted ecosystems.    

 The geographic information system, ArcMap was instrumental in helping me to organize, 

analyze and present my data for this project.  Capturing data for this project would not have been 

possible without GPS.  Knowing what data to capture, and how to capture it, would not have been 

possible without the knowledge I gained from the environmental courses in my degree. 

 Wetland studies are typically accomplished over several seasons or years, and by more 

than one person.  By combining the practices and technologies of my disciplines, I was able to  
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independently perform environmental research which uncovered several significant findings in 

addition to identifying the location and dominant characteristics of a unique wetland habitat. The 

skills and knowledge I gained through this experience will help me professionally, but just as 

importantly it suggests there is great potential for the synergy of these two disciplines to 

dramatically enhance the efficiency and effectiveness of environmental research.  In turn, this 

could lead to more effective conservation and preservation of earth’s natural resources—which 

promotes the sustainability of future generations of all life on earth.   

 
 



 
Final Project                                                                                                                   Page 25 

 

 



 
Final Project                                                                                                                   Page 26 

 

 



 
Final Project                                                                                                                   Page 27 

 

 



 
Final Project                                                                                                                   Page 28 

 
                Bibliography            

Bailey, D. E., Perry, J. E., & Daniels, W. (2007). Vegetation Dynamics in Response to Organic 

 Matter Loading Rates in Created Freshwater Wetland in Southeastern Virginia. Wetlands, 

 27(4), 936-950. Retrieved on 7-23-2012 from: http://www.bioone.org.mutex.gmu.edu  

 /doi/pdf/ 10.1672/0277-5212%282007%2927%5B936%3AVDIRTO%5D2.0.CO%3B2 

Balcombe, C., Anderson, J., Fortney R., Kordek, W. (2005b). Wildlife use of mitigation and 

 reference wetlands in West Virginia, Ecological Engineering, 25(1). 85-99. Retrieved on 

 7-23-2012 from: ttp://www.sciencedirect.com.mutex.gmu.edu/science/article /pii/ 

 S0925857405000777   

Balcombe, C. K., Anderson, J. T., Fortney, R. H., & Kordek, W. S. (2005a). Vegetation, 

 Invertebrate, and Wildlife Community Rankings and Habitat Analysis of Mitigation 

 Wetlands in West Virginia. Wetlands Ecology & Management, 13(5), 517-530. 

 doi:10.1007/s11273-004-5074-7  

Bhalla, R. R., Pelkey, N., & Devi Prasad, K. K. (2011). Application of GIS for Evaluation and 

 Design of Watershed Guidelines. Water Resources Management, 25(1), 113-140. 

 doi:10.1007/s11269-010-9690-0 

Bruland, G., Richardson, C., (2004). Hydrologic Gradients and Topsoil Additions Affect Soil 

 Properties of Virginia Created Wetlands. Soil Science Society of America Journal, 68(6), 

 2069-2077.  Retrieved July 23 from http://proquest.umi.com.mutex.gmu.edu/pqdlink?Ver 

 =1&Exp=07-25-017&FMT=7&DID=743787821&RQT=309&clientId=31810&cfc=1 

Carter, S., Haas, C., and Mitchell, J., (1999). Home Range and Habitat Selection of Bog Turtles 

 in Southwestern Virginia. The Journal of Wildlife Management, 63(3), 853-860. 

 Retrieved in July, 2012 from: http://www.jstor.org/stable/3802798 



 
Final Project                                                                                                                   Page 29 

 
Cedfeldt, P. T., Watzin, M. C., & Richardson, B. (2000). Using GIS to Identify Functionally 

 Significant Wetlands in the Northeastern United States. Environmental Management, 

 26(1), 13-24. doi:10.1007/s002670010067 

Cronk, J. K. and Fennessy, M.S. (2001). Wetland Plants: Biology and Ecology. Washington, 

 D.C.: CRC Press. 

Dee, S., and Ahn, Changwoo. (2012) Soil Properties Predict Plant Community Development of 

 Mitigation Wetlands Created in the Virginia Piedmont, USA.  Environmental 

 Management, 49, 1022–1036. Retrieved in July, 2012 from: http://www.springerlink. 

 com.mutex.gmu.edu/content/232q70g244m34w85/fulltext.pdf 

Garg, V., & Jothiprakash, V. (2012). Sediment yield assessment of a large basin using PSIAC 

 approach in GIS environment. Water Resources Management, 26(3), 799-840 

Gingerich, T., and Anderson, J. (2011).  Litter decomposition in created and reference wetlands in 

 West Virginia, USA. Wetlands Ecology and Management, 19(5), 449-458.   

 Retrieved in July, 2012 from: http://www.springerlink.com/content/j584n19806811k75/ 

Hul, Shunfu., Gabriel, A. O., and Bodensteiner, L. R. (2003). Inventory and Characterization of 

 Wetland Habitat on the Winnebago Upper Pool Lakes, Wisconsin, USA: An Integrated

 Multimedia-GIS Approach. Wetlands. 23(1), 82–94. Retrieved on 7-22-12 from: 

 http://www.springerlink.com.mutex.gmu.edu/content/76598km34v3w654v/fulltext.pdf 

Johnson, C. W. (1985). Bogs of the Northeast. Hanover, NH: University Press of New England. 

Kauffman-Axelrod, J. L., & Steinberg, S. J. (2010). Development and Application of an 

 Automated GIS Based Evaluation to Prioritize Wetland Restoration Opportunities. 

 Wetlands, 30(3), 437-448.  

Kimerling, A. J., Buckley, A. R., Muehrcke, P. C., Muehrcke, J. O. (2009). Map Use: Reading 

 and Analysis. Redlands, CA: ESRI Press. 



 
Final Project                                                                                                                   Page 30 

 
LePage, Ben, A. (Ed.). (2011). Wetlands: Integrating Multidisciplinary Concepts. New York, 

 NY: Springer Science and Business Media. 

Longley, P. A., Goodchild, M. F., Maguire, D. J., Rhind, D. W. (2011). Geographic Information 

 Systems and Science.  Hoboken, NJ: John Wiley and Sons, Inc. 

Lyon, J., (2001). Wetland Landscape Characterization: GIS, Remote Sensing, and Image    

 Analysis. Chelsea, MI: Ann Arbor Press.                  

Lyon, J. G., and Lyon, L.K. (2011). Practical Handbook for Wetland Identification and 

 Delineation. Boca Raton, FL: CRC Press.                             

MacDonald, G. (2003). Biogeography; Introduction to Space Time and Life.  New York, N.Y. 

 Hermitage Publishing Services.         

Manner, M., Bingol, G., and Wolinski, J. (2008). Common Wetland Plants of Northern 

 Virginia’s Piedmont; A Field Guide. The Piedmont Environmental Council.  Retrieved 

 in July, 2012 from:http://www.pecva.org/index.php/maps-and-resources/publications/ 

 conservation-and-rural-programs/399-field-guide-to-common-wetland-plants-of-

 virginias-piedmont. 

Mitsch, W. J. and Gosselink, J.G. (2007). Wetlands. Hoboken, NJ: John Wiley and Sons, Inc. 

Nilsson, K. A., Ross, M. A., & Trout, K. E. (2008). Analytic Method to Derive Wetland Stage-

 Storage Relationships Using GIS Areas. Journal of Hydrologic Engineering, 13(4), 278-

 282. doi:10.1061/(ASCE)1084-0699(2008)13:4(278) 

Palmeri L. and Trepel, M. (2002).  A GIS-Based Score System for Siting and Sizing of Created 

 or Restored Wetlands: Two Case Studies. Water Resources Management 16(4), 307–328. 

 Retrieved on 6-01-12 from: http://proquest.umi.com.mutex.gmu.edu/pqdlink?Ver=1&Ex 

 p=07-15-2017&FMT=7&DID=2144098511&RQT=309&cfc=1. 



 
Final Project                                                                                                                   Page 31 

 
Pantaleoni, E. E., Wynne, R. H., Galbraith, J. M., & Campbell, J. B. (2009). A logit model for 

 predicting wetland location using ASTER and GIS. International Journal of Remote 

 Sensing, 30(9), 2215-2236. doi:10.1080/01431160802549310 

Price, M. (2012). Mastering ArcGIS.  New York, NY: McGraw Hill     

Rebelo, L. M., Finlayson, C. M., & Nagabhatla, N. N. (2009). Remote sensing and GIS for 

 wetland inventory, mapping and change analysis. Journal Of Environmental 

 Management, 90(7), 2144-2153. doi:10.1016/j.jenvman.2007.06.027 

Roise, J. J., Shear, T. T., & Bianco, J. J. (2004). Sensitivity analysis of transportation corridor 

 location in wetland areas: A multiobjective programming and GIS approach. Wetlands 

 Ecology & Management, 12(5), 519-529. doi:10.1007/s11273-005-3949-x 

Salvesen, D. (1994). Wetlands; Mitigating and Regulating Development Impacts. Washinton, 

 D.C.: Urban Land Institute 

Snell-Rood, E. C., & Cristol, D. A. (2003). Avian Communities of Created and Natural 

 Wetlands: Bottomland Forests in Virginia. Condor, 105(2), 303. Retrieved in July, 2012

 from: http://www.bioone.org.mutex.gmu.edu/doi/pdf/10.1650/0010-5422%282003% 

 29105%5B0303%3AACOCAN%5D2.0.CO%3B2 

Tiner, R. W. (2003). Estimated Extent of Geographically Isolated Wetlands in Selected Areas of 

 the United States. Wetlands, 23(3), 636-652. 

Tiner, R.W. (1999). Wetland Indicators; A Guide to Wetland Identification, Delineation, 

 Classification, and Mapping. Boca Raton, FL: CRC Press. 

van der Valk, A. (2006). The Biology of Freshwater Wetlands: Biology of Habitats. Oxford, NY: 

 Oxford University Press. 

van Horssen, P. W., Schot, P. P., & Barendregt, A. (1999). A GIS-based plant prediction model 

 for wetland ecosystems. Landscape Ecology, 14(3), 253-265. 



 
Final Project                                                                                                                   Page 32 

 
Weller, M. W. (1999). Wetland Birds; Habitat Resources and Conservation Implications. United 

 Kingdom. Cambridge University Press. 

 

           

 

 

 

 

 

 

 

 

 

 

 


