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1. INTRODUCTION

   The Great Dismal Swamp National Wildlife Refuge spans over 100,000 acres across both 

Virginia and North Carolina. This wetland area, which floods seasonally is home to over 850 

species including plants, mammals, birds, amphibians, reptiles, and insects (see Fig. 1 for 

distribution). The refuge is largely surrounded by urban areas, and is an unique area where both 

northern and southern species dwell. It encompasses areas that are open for tourists, areas for 

study by scientists spanning a number of disciplines, and areas that have been largely 

undisturbed [ CITATION USF06 \l 1033 ]. This report will examine the indicators necessary for 

a healthy ecosystem in the Great Dismal Swamp National Wildlife Refuge and the hazards that 

the area faces. 
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Figure 1: Species distribution in The Great Dismal Swamp [ CITATION USF06 \l 1033 ]



2. Hydrological Hazards Challenging the Great Dismal Swamp

   The refuge, which has been formally protected since 1973, faces many hazards with the 

changing climate. Some of the most well-known hazards in the area are linked to the water levels

in the refuge, particularly Lake Drummond. A rise in temperatures, and a longer dry season with 

subsequent drought could be disastrous for the area. Similarly, too much rain and severe and 

more frequent storms can cause damage to the fragile ecosystem of the Great Dismal Swamp 

National Wildlife Refuge. An inundation or lack of water can cause problems for the wildlife by 

reducing food supplies and by destroying or altering habitats. Anthropogenic hazards are some of

the most dangerous for this particular wildlife refuge including water contamination from local 

businesses, overfishing, “upland” use change, water mismanagement, and the addition of roads. 

As the ecosystem is such an incredibly unique one, and one that is home to many protected 

species, it is truly one that should be of great concern. 

3. Vulnerabilities of Managed Wetlands

   The Great Dismal Swamp’s ecosystem is home to the threatened red-cockaded woodpecker, the

rare Atlantic white cedar forests, black bears, waterfowl, migratory birds, bald eagles, tundra 

swans, and many other marvelous species [ CITATION USF06 \l 1033 ]. Specifically, the Great 

Dismal Swamp “refuge watershed supports approximately 25-30% of the state’s wintering 

population of tundra swans, and the refuge and surrounding area provides habitat for most of the 

black bears in eastern Virginia [ CITATION USF06 \l 1033 ].” As home to 



Figure 2: Forrest Cover Communities in The Great Dismal Swamp from [ CITATION USF06 \l 1033 ]



at least 209 bird species, 182 insect species, 27 fish species, 62 herptiles, 47 mammals and 340 

vascular plant species, reduction of this biodiversity, particularly the potential disappearance of 

heritage species, would constitute a great loss for the state of Virginia. Seen in Fig. 2, the Great 

Dismal Swamp consists of mesic mixed hardwood forests, non-riverine pine hardwood forests, 

pond pine woodlands and pocosins, peatland Atlantic white cedar forests, cypress gum forests, 

bogs, marshes, and a lake [ CITATION USF06 \l 1033 ]. Lake Drummond, one of the most 

notable features of The Great Dismal Swamp and one of Virginia’s two natural lakes, faces 

lowered water levels and a decrease in water quality. Currently “surface water quality is 

generally good. The dark tannic color and 3.5-6.7 pH level impart a distinct taste and heighten 

the water’s ability to remain fresh [ CITATION USF06 \l 1033 ].” The water quality and water 

height, which current studies state should be maintained at “15.75 feet above mean sea level

[ CITATION USF06 \l 1033 ]” are absolutely vital parts of a healthy ecosystem in the refuge. 

Too little or too much water can disrupt the refuges aquifers, which in turn can negatively affect 

ground water and also cause excess surface water. The vegetation in the refuge relies heavily on 

proper water levels as well, being unable to survive if high water levels are sustained year-round,

or through periods of excess drought. This vegetation also relies on water stored in the areas peat

soils, which faces the threat of erosion if water levels are not carefully maintained. In addition, 

the refuge is an important stop in the migratory pattern of a number of neotropical migratory 

birds. Habitat loss and flooding present a serious challenge for the continued migration of these 

birds. 

4. Possible Long-Term Developments for Possible Hydrological Changes 

   One of the biggest contributors to the issues that face The Great Dismal Swamp is the 

encroachment of urban sprawl. The refuge is unique in that it is bordered directly by privately 



owned lands and also has extremely close cities and businesses. As the refuge is set on a hill, and

has no rivers providing water, it relies heavily on precipitation and run-off from uphill. Some of 

the bordering landowners and businesses may use pesticides and fertilizers that enter the refuge 

from run-off water and impact the quality of the water in the refuge. Also, these urban areas 

bring with them the general public, which are both a detriment and also a boon to the refuge. The

public, if uneducated, can cause extreme harm to protected areas by overfishing, overhunting, 

disturbing habitats and wildlife, and disrupting conservation efforts. Conversely, the public can 

act as volunteers, helping to clean areas, and repair areas, they often donate towards the upkeep 

of the refuge, and they can help spread awareness of issues once educated. 

   Local businesses and corporations pose a threat as they can contribute to air, light, and water 

pollution. The U.S Fish and Wildlife service tested the area for heavy metals, organochlorine 

pesticides, and alkane using samples “collected from sediments, surface waters, and from the 

tissues of fish and small mammals during 1987, 1989, and 1992. [ CITATION USF06 \l 1033 ]”. 

These samples showed elevated levels of contaminants, but a source was not determined. These 

contaminants could adversely affect water quality, vegetation, and wildlife. 

   Most importantly, changes in climate (temperature, precipitation, storms, etc.) and sea level 

pose the greatest threats to the area. Currently the area is relatively temperate, experiencing all 4 

seasons, with a long, humid summer. The “average annual temperature is approximately 60⁰F 

(15.6⁰C), ranging from monthly averages of 45⁰F (7.2⁰C) in January to 79⁰F (26.1⁰C) in July. 

Extremes have been recorded as high as 105⁰F (40.6⁰C) and as low as 2⁰F (-16.7⁰C). Rainfall is 

well distributed throughout the year and long periods of drought seldom occur. Average annual 

precipitation at Norfolk, Virginia, is 45.74 inches (116.2 cm), with the normal annual snowfall at 

8.8 inches (22.4cm) (National Weather Service, Wakefield, Virginia). The annual potential 



evapotranspiration is 32 inches (81.3 cm) [ CITATION USF06 \l 1033 ].” Longer, dryer hot 

seasons driven by the warming of the earth and ocean will most assuredly have an affect on the 

refuge and may render the current ecosystem unsustainable. Importantly, the swamp cannot 

withstand constant inundation of water or constant drought, the expected changes in climate 

could potentially disrupt the current cycles of precipitation that the vegetation and wild-life 

depend upon for continued well-being. 

5. Water Management Decisions

   Though the refuge is no longer privately owned, and is instead federally maintained, decisions 

made for the refuge effect the community at large. The water outflow can drain into “the 

Northwest, Pasquotank, and Elizabeth Rivers, and Shingle Creek [ CITATION USF06 \l 1033 ].”

These bodies of water provide services for local businesses, the U.S Military, as well as the 

tourism industry. This ultimately means that the water levels and quality can both directly and 

indirectly have a great impact on the economy in Hampton Roads. Because of this, it is important

that any decisions made in regards to managing water levels through the refuges existing 

channels should be done with the greater good of the connecting water systems in mind as well. 

Currently the required water levels, at least for Lake Drummond, are maintained at a level that 

has been agreed upon with both the U.S. Fish and Wildlife service and the U. S Army Corps of 

Engineers. This water level is one that should be able to support the wildlife, maintain high 

quality of water, and allow the locks to continue to operate properly. Conversely, enough water 

needs to be allowed to move throughout the swamp in order to maintain proper levels at the 

aquifer and to reduce surface water and increase groundwater. When the swamp was privately 

owned, roads, ditched, and channels were installed to attempt to regulate the water levels. It is 



quite possible that some of these installations have had negative effects on the system as a whole.

Further decisions of this nature should be carefully researched prior to implementation. Due to 

the far-reaching impact of any changes to the swamp, it is possible that decisions should be made

by panel, with representation from the numerous stakeholders who might feel the ramifications 

of such decisions. 

6.  Water Management Options 

   Remote sensing studies to determine the indicators of improper maintenance is an option for 

the Great Dismal Swamp. According to a study done at the University of Delaware, “some 

indicators of wetland condition, such as wetland extent and type, habitat structure, and the floral 

component of wetland productivity, can be studied primarily by means of remote sensing; while 

others (e.g., vegetation, hydrology, habitat quality) still require the use of more conventional 

techniques. (Patience and Klemas 1993)”. Remote sensing is a great option for determining if the

vegetation in the swamp is suffering. This would allow monitoring of the possible migration of 

trees, thinning of leaves, changes in color, and disappearance of species, all of which may be 

indicators of improper water levels and quality. Remote sensing can also be used to monitor algal

growth which can be an indicator of issues in the swamp. It is important to determine what the 

early warning indicators are for an improperly maintained hydrologic regime. Remote sensing, 

coupled with diligent groundwork in one option to make this determination. 

   In their 1996 paper, Smith and Fretwell outline three options for assessment of healthy 

indicators in wetlands. “The Wetland Evaluation Technique (WET) was developed for the 

Federal Highway Administration and has been used widely. It assigns values to specific functions

of individual wetlands. The Environmental Monitoring Assessment Program--Wetlands was 

developed by the Environmental Protection Agency. It is presented here as an example of a 



program that focuses on determining the ecological condition of a population of wetlands in a 

region. It does this by comparing the function of a statistical sample of wetlands to reference 

wetlands in the region. The Hydrogeomorphic (HGM) approach is being developed by the U.S. 

Army Corps of Engineers for assessing wetland functions. It combines features of the other two 

methods by measuring the functions of individual wetlands and also by comparing them to 

functions performed by other wetlands. (Smith and Fretwell 1996)” These three methods are all 

viable options for monitoring the Great Dismal Swamp.

   Use of bioindicators, particularly on a microbial level is the final option this paper will explore.

As microorganisms tend to respond to changes in their environment very quickly, they may 

provide the best early warnings of distress (Sims et. Al 2013). In fact, “The use of microbial 

indicators such as the ratio of ammonia oxidizing archaea (AOA) to ammonia-oxidizing bacteria 

(AOB) may prove beneficial in determining the condition of oligotrophic wetlands. (Sims et. al 

2013)”. Fig. 3 lists key microorganisms in a wetland and provides some insight as to their 

connections to wetland health. It is important to note that microbial bioindicators are not the only

indicators that should be considered, “wetland vegetation, birds, macroinvertebrates, fish and 

amphibians, and algae (Sims et. al 2013)” all play an important role in the ecosystem and can be 

monitored to provide insight as well. 



Figure 3: Wetland Assesment Indicators (Sims et. al 2013)

7. Recommendations 

  As bioindicators tend to show the quickest response to changes in their environment, it is 

essential that they are closely monitored. In the Great Dismal Swamp, the black bear, red-

cockaded woodpecker, and tundra swans are all notable species. Monitoring their population 

levels may help provide insight into the health of the ecosystem. Similarly, the vegetation in and 

around lake Drummond may be valuable in the determination of which indicators provide the 

earliest warnings for the hydrologic regime. Monitoring these species, coupled with montoring of

algae, sediments, pollutants, and nutrients in the water should provide important insight into the 

health of the Great Dismal Swamp. Creating a site profile with gathered information including 

the above-mentioned indicators and others such as “flood flow alteration, sediment/toxicant 

retention, nutrient removal/transformation, wildlife diversity/abundance, aquatic 

diversity/abundance (Smith and Fretwell 1996)” would mix both the WET method and the HGM

method of assessment, and may be the best option for determining proper water levels in the 

swamp. 
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