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About the Bays 
Delaware's Inland Bays consist of three intercon-
nected bodies of water - Indian River Bay, Little 
Assawoman Bay, and Rehoboth Bay - located in 
the southeastern part of Delaware, in Sussex 
County.  Rehoboth and Little Assawoman Bays are 
estuaries built on sand bars; Indian River Bay is a 
drowned river valley. The Bays and their tributaries 
cover about 32 square miles and drain a 300-
square-mile watershed.  
 
They have a marsh area of 9 square miles, a mean 
low-water volume of 4 billion cubic feet, and a 
freshwater discharge of 300 cubic feet per second. 
Almost 30 square miles of the Inland Bays are clas-
sified as shellfish waters, of which 19 square miles 
presently are approved for shellfishing. There are 
about 126 people per square mile of the Inland 
Bays watershed. Fresh water enters the Bays 
through ground water discharges, by runoff from 
land, and from tributaries. Salt water from the At-
lantic Ocean enters the Bays through the Indian 
River Inlet, Lewes and Rehoboth Canal, Roosevelt 
Inlet, and the Assawoman Canal, which connects 
Little Assawoman Bay to Indian River Bay.  

 
The Indian River Inlet, the main link, has deepened 
and shoaled, temporarily closed, and migrated 
along the barrier island. Between 1935 and 1939, 
there was no free connection at all between the 
Bays and the sea; this led to the destruction of ma-
rine and estuarine organisms and habitats and to 
their replacement by freshwater organisms. In 
1940, a new channel to the ocean was created - 
Indian River Inlet - providing the first stable connec-
tion between the upland and the sea and creating a 
more permanent estuary. 
 

DE Inland Bays CCMP 

“The disappearance of plants and animal species 
without visible cause, despite efforts to protect 
them, and the irruption of others as pests despite 
efforts to control them, must, in the absence of 
simpler explanations, be regarded as symptoms 
of sickness in the land organism.” 

 
Aldo Leopold 
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Since its creation in 1995, the Delaware Center 
for the Inland Bays has represented the culmina-
tion of years of research to understand the im-
pacts and processes that affect the Inland Bays 
Watershed and a steadfast commitment to re-
store them to a healthy state.  Concern over the 
health of the estuary goes back to the 1960’s but 
languished due to a lack of action.  New momen-
tum was gained in the 1970s and 1980s with a 
renewed focus not only on the causes of decline 
in water quality and certain plant and animal spe-
cies in the watershed, but on correcting many of 
the problems that plagued the watershed. 
 

Like many of the other programs in the National 
Estuary Program system, the Delaware Center 
for the Inland Bays developed a Comprehensive 
Conservation and Management Plan (CCMP) 
that describes key impacts leading to the decline 
of the estuary and outlines solutions to correct 
them or minimize their impact.  The CCMP was 
developed over the course of several years and 

represents the collaborative efforts of citizens, 
agencies, and academia, and specifically ad-
dresses a broad range of impacts ranging from 
industrial discharges, runoff from lawns and 
farms, septic systems, land development, to the 

loss of habitat.  It is the 
latter that is the focus of 
Chapter 3 of the CCMP, 
the development of a Hab-
itat Protection Action Plan.  
The CCMP, which serves 
as the guiding document 
for the restoration, en-
hancement, and protection 
of the Inland Bays Water-
shed, states: 
 

“The goal of the habitat protection action plan is 
to protect, restore, and enhance living resources 
by improving water quality, controlling land use, 
and reducing habitat loss.  Preserving habitat 
requires comprehensive planning to maintain the 
integrity of the Inland Bays by protecting freshwa-
ter wetlands; protecting shallow water, subaque-
ous land, and upland habitats; identifying, pro-
tecting, and enhancing living resources; and pro-
hibiting damaging activities.  At the same time, 
responsible public access and use of the Bays is 
highly desirable.” 
 
 

PURPOSE 

“Since the Inland Bays’ natural resources have 
been adversely affected historically and currently 
exist at below-optimal levels, there is great poten-
tial for improved habitat and greater numbers of 
desirable organisms.  This improvement will require 
proper management, stewardship, and responsible 
use and harvest by the public.” 

DE Inland Bays CCMP 

Aerial photographs of the mouth of White’s Creek in 1927 (lt.) and in 2002 (rt.) highlight changes in land use. 
Pasture Point at the James Farm Ecological Preserve is located in the upper right-hand corner of each photograph. 
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Almost every species of plant and animal re-
quires certain living (biotic) and non-living 
(abiotic) resources to be able to survive and re-
produce.  For animals, it is a place to safely raise 
its young and a location with adequate food and 
water.  For plants, it is a certain amount of sun-
light, a source of nutrients, and a source of water 
whether it is from precipitation, groundwater, or 
tidal exchange. 
 
Animals that are considered “generalists” can 
usually handle a broader range of habitat types 
when it comes to finding food and reproducing 
and are more likely to be able to adapt to chang-
es in conditions.  On the other hand, those that 
are considered “specialists” may find it more diffi-
cult to breed or find food except only under very 
narrowly prescribed conditions.   
 
 
 

 
 
 
An example of a generalist would be a Gray 
Squirrel (Sciurus carolinensis) which will nest in 
trees cavities, attics of buildings, or other similar 
natural or man-made structures.  They will also 
feed at a variety of locations including bird feed-
ers.   
 
A specialist on the other hand, such as the Pile-
ated Woodpecker (Dryocopus pileatus), nests 
only in cavities in large trees in mature forested 
tracts, usually found in and around the floodplain 
of rivers and streams in our area.  Their diet con-
sists primarily of insects living in dead or dying 
trees found in forested areas. 
 
 

PURPOSE (cont.) 

As an amphibian, the Eastern Tiger 
Salamander (Ambystoma tigrinum 
tigrinum) can be found in coastal 
plain seasonal ponds (Delmarva 
Bays).  They require shallow water 
areas to lay their eggs and for the 
young to mature in, and a moist 
forest bottom in which to feed; all of 
which are found in Delmarva Bays.  
 
Photo credit: University of Georgia 

The rare plant Swamp-
pink (Helonias bullata) is 
a federally-listed endan-
gered species.  Growing 
to nearly 3’ tall, it 
spreads by rhizomes and 
requires the saturated 
soils found in a flood-
plain.  It has very specific 
criteria for where the 
groundwater level is in 
relation to its roots.  Too 
much sediment or too 
many nutrients in surface 
and groundwater may 
affect its survivability. 
 
Photo credit: Bill McAvoy 
(DNREC) 

The Delmarva Fox Squirrel 
(Sciurus niger cinereus) is the 
largest tree-dwellling squirrel in 
the western hemisphere, nearly 
twice the size of its local relative 
the Gray Squirrel.  It requires 
food producing trees such as 
oaks and hickories and prefers 
mature mixed forests with an 
open understory. 
 
Photo credit: DNREC 



7 

 

 
Due to its moderate climate and coastal location,  
the Inland Bays watershed has a broad variety of 
plants and animals.  Some are generalists and 
are seen on a regular basis and some are spe-
cialists and may rarely be seen, if ever.   
 
 
The few examples of rare plants and animals 
found in the Inland Bays and previewed here,  
and the types of habitat they need to survive, 
often serve as bellwethers to the overall health of 
the Inland Bays.   
 
 

 
 

 
The priority areas, goals, and objectives outlined 
in this plan are intended to help protect and to 
restore the unique and important habitat areas 
that these and many other species need. 
 

PURPOSE (cont.) 

Known as a Neotropical migrant (page 13), the Hooded Warbler (Wilsonia citrina) needs 
fairly large areas (80-250 acres) of mixed or deciduous forests as their nesting area that 
has a shrub layer in the understory. They are insect eaters and their habitat is usually 
near water. They typically migrate to southeastern Mexico and parts of the Caribbean for 
the winter. 
Photo Credit: Cornell Lab of Ornithology 

Birds       Reptiles 
Brown Creeper (Certhia americana)   Leatherback Sea Turtle (Dermochelys coriacea) 
Bald Eagle (Haliaeetus leucocephalus)   Atlantic Ridley Sea Turtle (Lepidochelys kempii) 
Pied-billed Grebe (Podilymbus podiceps)   Green Sea Turtle (Chelonia mydas) 
Northern Harrier (Circus cyaneus)    Loggerhead Sea Turtle (Caretta caretta) 
Cooper’s Hawk (Accipiter cooperii)   Bog Turtle (Clemmys muhlenbergii) 
Black-Crowned Night Heron (Nycticorax nycticorax) Corn Snake (Elaphe guttata guttata) 
Yellow-Crowned Night Heron (Nyctanassa violacea)  Mammals 
Northern Parula (Parula americana)   Delmarva Fox Squirrel (Sciurus niger cinereus) 
Piping Plover (Charadrius melodus)    Mollusks 
Short-eared Owl (Asio flammeus)    Yellow Lampmussel (Lampsilis cariosa) 
American Oystercatcher (Haematopus palliatus)  Eastern Lampmussel (Lampsilis radiata) 
Black Rail (Laterallus jamaicensis)   Dwarf Wedgemussel (Alasmidonta heterodon) 
Upland Sandpiper (Bartramia longicauda)   Eastern Pondmussel (Ligumia nasuta) 
Loggerhead Shrike (Lanius ludovicianus)   Brook Floater (Alasmidonta varicosa) 
Black Skimmer (Rynchops niger)    Tidewater Mucket (Leptodea ochracea) 
Henslow's Sparrow (Ammodramus henslowii)   Insects 
Common Tern (Sterna hirundo)    Little White Tiger Beetle (Cicindela lepida) 
Forster’s Tern (Sterna forsteri)    White Tiger Beetle (Cicindela dorsalis) 
Least Tern (Sterna antillarum)    Seth Forest Scavenger Beetle (Hydrochus sp.) 
Cerulean Warbler (Dendroica cerulea)   Frosted Elfin (Incisalia irus) 
Hooded Warbler (Wilsonia citrina)    Bethany Firefly (Photuris bethaniensis) 
Swainson’s Warbler (Limnothlypis swainsonii)  Hessel’s Hairstreak (Mitoura hesseli) 
Red-headed Woodpecker (Melanerpes erythrocephalus) King’s Hairstreak (Satyrium kingi) 
Sedge Wren (Cistothorus platensis)   Rare Skipper (Problema bulenta) 

Fish      Mulberry Wing (Poanes massasoit chermocki) 
Atlantic Sturgeon (Acipenser oxyrhynchus)    

Amphibians            
Eastern Tiger Salamander (Ambystoma tigrinum tigrinum)   
Barking Treefrog (Hyla gratiosa) 

ENDANGERED SPECIES OF DELAWARE (Effective June 12, 2000) 
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CCMP Tactics related to habitat protection, 
restoration, and enhancement 
G2: Protect, restore, and enhance living re-
sources by improving water quality and protect-
ing and enhancing habitat. 
G2A: Promote recurrence of submerged aquatic 
vegetation. 
G2B: Restore finfish and shellfish populations. 
G2C: Decrease potential for fish kills. 
G2F: Enhance and restore impacted shallow and 
near-shore habitats. 
G3B: Provide maximum protection of waterways, 
groundwater, natural areas, open space, and 
tidal and non-tidal wetlands. 
 
The purpose of this plan is to guide and support 
restoration and land protection efforts in the wa-

tershed for many years to come.  The plan helps 
to identify areas in need of restoration, enhance-
ment, or protection and can be used by govern-
mental agencies, non-governmental organiza-
tions (NGOs), and individuals to accomplish the 
goals outlined within.  This plan does not attempt 
to compete with other successful federal, state, 
or local programs, rather it serves to compliment 
their efforts and to focus attention on priority are-
as using water quality and biodiversity as the 
means to an end.  In keeping with the CCMP, the 
plan is ever mindful of the fact that the Inland 
Bays is a resource to be used and treasured by 
all.  Wherever possible, responsible public use 
and access should be a consideration. 

PURPOSE (cont.) 
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“Let us a little permit Nature to take her own way: 
she better understands her own affairs than we.” 

 
Michel De Montaigne 
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The following information is summarized from the 
Delaware Inland Bays Comprehensive Conserva-
tion and Management Plan, which was approved 
in June of 1995.  The overarching goal of this 
action plan involves the protection, restoration, 
and enhancement of living resources by improv-
ing water quality and protecting and enhancing 
habitat. 

Chapter 3. Habitat Protection Action Plan 
Page 53  
 
CCMP Action Plan 
The goal of the habitat protection action plan is to 
protect, restore, and enhance living resources by 
improving water quality, controlling land use, and 
reducing habitat loss.  Preserving habitat re-
quires comprehensive planning to maintain the 
integrity of the Inland Bays by protecting freshwa-
ter wetlands; protecting shallow water, subaque-
ous land, and upland habitats; identifying, pro-
tecting, and enhancing living resources; and pro-
hibiting damaging activities.  At the same time, 
responsible public access and use of the Bays is 
highly desirable. 
 
Since the Inland Bays’ natural resources have 
been adversely affected historically and currently 
exist at below-optimal levels, there is great po-
tential for improved habitat and greater numbers 

of desirable organisms.  This improvement will 
require proper management, stewardship, and 
responsible use and harvest by the public. 
 
 
Summary of Tactics to a Cleaner Inland Bays 

Goals and Objectives 
Page 89  
 

 G2: Protect, restore, and enhance living re-
sources by improving water quality and protect-
ing and enhancing habitat. 

 

 G2A: Promote recurrence of submerged aquat-
ic vegetation. 

 

 G2B: Restore finfish and shellfish populations. 
 

 G2C: Decrease potential for fish kills. 
 

 G2F: Enhance and restore impacted shallow 
and nearshore habitats. 

 

 G3B: Provide maximum protection of water-
ways, groundwater, natural areas, open space, 
and tidal and non-tidal wetlands. 

 

 G7B Attain maximum wetlands preservation by 
providing adequate setbacks and buffer zones. 

 

 G7C Develop regulations to protect non-tidal 
wetlands. 

 

 G7D Strengthen enforcement of existing wet-
land protection regulations. 

 

 G7F Develop criteria to implement policy for 
use of rip-rap and vegetation for shoreline pro-
tection. 

 
 

Delaware Inland Bays CCMP Summary 
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 BACKGROUND 

Impacts and Trends in the Watershed 
Once renowned for its farmland, wooded areas, 
and open space, the Inland Bays watershed is 
under tremendous pressure from development 
and recreational use.  Being located in an area 
with a moderate climate, having 25 miles of At-
lantic coastline, offering a relatively low cost of 
living, and being within a 4-hour drive of Balti-
more, Maryland, Washington, D.C., and Philadel-
phia, Pennsylvania, eastern Sussex County is a 
desirable destination for vacationers, retirees, 
and the businesses that support them.  The fol-
lowing trends in population growth and land use 
give an indication why these types of restoration 
projects are vital to the ecological health of the 
Inland Bays watershed.  
 
Population Growth 
Considerable growth in population and associat-
ed land development has impacted many living 
resources in and around the Inland Bays.  A pop-
ular vacation spot since before the turn of the 
20th century, coastal Sussex County has experi-
enced unprecedented growth over the past 50 
years.  Table 1 lists actual and projected chang-
es in population for Sussex County from 1950 
through 2030.  Note that in 1950, the population 
of the county was 61,336 and that by 2030, the 
Delaware Population Consortium estimates that it 
will exceed 253,000.  Because of the area’s pop-
ularity, the county’s population has seen double-
digit growth for the past half century, averaging 
an unprecedented 21.1% from 1960 to 2000.  
With an area of approximately 959 square miles 
of land, the density of people per square mile of 
land in Sussex County has increased from 64 in 
1950 to 164 in 2000. 
 
Based on the 2000 census, estimates placed the 
population of year-round residents within the In-
land Bays watershed at 70,008 individuals (Table 
2).  Looking exclusively at the population growth 
trends in the Inland Bays watershed, note 
that when the entire county experienced a 
population growth rate of over 39%, the 
Inland Bays grew by almost 60%. With an 
area of approximately 300 square miles of 
land, the density of people per square mile 

of land in the Inland Bays increased from 148 in 
1990 to 233 in 2000 during this time of unprece-
dented growth.  Using the moderately conserva-
tive Sussex County growth rates developed by 
the Delaware Population Consortium, applied to 
the Inland Bays watershed, the area could have 
a population of 112,593 people with a density of 
375 people per square mile by the year 2030.  
 
Some estimates, although anecdotal, indicate 
that the population in the county may triple during 
summertime weekends with the number of visi-
tors that come to visit the Inland Bays and adjoin-
ing coastal area.  
 

Table 1 
Year 1950 1960 1970 1980 1990 2000 2010 2020 2030 

Sussex Population 61,336  73,195  80,356  98,004  113,229  157,459  194,430  226,766  253,240  

Increase  -  11,859  7,161  17,648  15,225  44,230  36,971  32,336  26,474  

% Increase - 19.3% 9.8% 22.0% 15.5% 39.1% 23.5% 16.6% 11.7% 

Persons per Sq. Mi. 64  76 84 102 118 164 203 236 264 

1795 Map of Delaware        David Rumsey Collection 

 1990 2000 Increase % Increase 

Delaware 666,168  783,600  117,432  17.6% 

Sussex County 113,863  156,638  42,775  37.6% 

Inland Bays 44,430  70,008  25,578  57.6% 

Table 2 
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Economic Impact 
In 1996, $507,000,000 was spent state-wide in 
Delaware on wildlife-associated recreation.  This 
involved 232,000 individuals over the age of 16 
who hunted, fished, bird watched, or photo-
graphed wildlife.  In 2006, although there was a 
decrease in amount of money spent since the 
1996 study, there was a sizable increase in the 
number of individuals who participated in these 
various outdoor activities when 395,000 individu-
als spent $299,000,000.  In their pursuit of recre-
ation, these individuals supported local business-
es through the purchase of fuel, equipment, sup-
plies, rentals, lodging, food, bait and tackle, per-
mit fees and licenses, leases, guide services, etc.  
Obviously, these activities are dependent upon a 
healthy environment with stable plant and animal 
populations.  Because of this direct economic 
relationship between wildlife-associated recrea-
tion and plants, animals, and the habitat that sup-
ports them, it is all the more important to protect 
what remains and to restore what is impaired.  
 
As for the economic impact of tourism, the com-
pany Global Insight estimated that in 2003, the 
core tourism industry in eastern Sussex County  
 

 

employed over 9,000 people and in 2004 it was 
estimated that tourism accounted for over 
$600,000,000 spent on the sales of merchandise, 
accommodations, meals, and entertainment.  
Certainly far fewer visitors than the number esti-
mated in surveys actually visited the Inland Bays 
for recreational purposes, but even if a small per-
centage did, the economic impact would be siza-
ble.  Again, the need for clean water and healthy 
plant and animal populations are needed to sup-
port key recreational activities that bring tourists 
who come to fish, clam, crab, boat, and swim in 
the Bays’ waters. 
 
Increases in Developed Land  
A comparison of a 1992 University of Delaware 
and a 2002 DNREC land-use analyses indicates 
that Residential/Urban and Commercial/Industrial 
land uses grew by nearly 32% during the study 
period (see Chart 1 and Table 3).  Both studies 
evaluated land use/land cover specifically for the 
Inland Bays watershed.  Primary impacts from 
increases in developed land that affect habitat 
areas are the loss of forested lands, scrub/shrub 
areas, and wetlands.  These areas serve a feed-
ing, resting, and nesting areas for many animals.   
 

The loss of habitat can drive animals 
out of an area entirely or force them 
closer together, increasing chances 
for loss due to disease, predation, 
and starvation as food resources 
dwindle.  Additional impacts can re-
sult from changes in hydrology 
(increased runoff and less infiltra-
tion), increases in nutrient concentra-
tions in runoff, the introduction of non
-native, invasive species (both plant 
and animal), and death or injury to 
animal species from automobile and 
pet encounters.  Also, as larger for-
ested blocks are separated into iso-
lated “islands” of fragmented woods, 
there is a potential that inbreeding 
within animal populations can in-
crease, affecting the health and long-
term survivability of a species. 

BACKGROUND (cont.) 

1992 UD Analysis Acres 2002 DNREC-DWR Acres Change % Change 

Urban 27,135  Urban 35,797  8,662 31.9% 

Ag Land 74,722  Ag Land 70,997  (3,725) -5.0% 

Forest 43,587  Forest 37,667  (5,920) -13.6% 

Table 3 
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Wetland Status and Trends 
Over the years, the Inland Bays has lost a con-
siderable amount of its wetland resources to both 
natural events and anthropogenic activities.  
Some estimates place the amount of wetland 
acreage lost as high as 60%.  Information on 
page 32 lists a number of the ecosystem services 
that various types of wetlands provide.   
 
As more and more land within the Inland Bays is 
converted toward urban/suburban land uses, 
what little wetland resources are left will be una-
ble to perform many of the functions such as nu-
trient retention and removal and flood control; 
hence the need to protect, enhance, or restore 
wetlands wherever possible. Greater detail on 
wetland status and trends in the Inland Bays is 
provided starting on page 32. 

Forested Land Classification 
When used in this plan, references to forest type 
are based on the Anderson Classification sys-
tem.  Forested or wooded land use/land cover 
falls into three primary categories that includes 
any species of plant that produces an aerial stem 
that persists for more than one season and in-
cludes Evergreen, Deciduous, and Mixed Forest. 

 Evergreen Forest Classification includes those 
areas in which 2/3

rd
 of the trees remain green 

throughout the year.  This includes both conifer-
ous and broad-leaf evergreens such as Loblolly 
Pine (Pinus taeda) and the American Holly (Ilex 
opaca). 

 Deciduous Forest Classification includes those 

areas having a predominance of trees that lose 
their leaves or needles at the end of the frost-
free season.  These areas are dominated by 
single-stemmed, woody vegetation unbranched 
two to three feet above the ground having a 
height of at least 20 feet.  This includes trees 
such as Oaks (Quercus spp), Maples (Acer 
spp), Yellow Poplar (Liriodendron tulipifera), 
and Hickories (Carya spp). 

 Mixed Forest Classification includes those are-
as where both evergreen and deciduous trees 
and shrubs grow and neither predominates. 

 
Wildlife Habitat Buffer Size Justification 
An important practice to help restore critical wild-
life habitat will be the implementation of forested 
riparian buffers.  A general recommendation or 
“rule-of-thumb” on buffer width from the stream 
edge is 300 feet.  For the purposes of this plan, 
250 feet was used, based on local considerations 
such as the lack of any appreciable slope in the 
flood plain or adjacent uplands, soils, potential for 
flooding, cost to implement, and a perceived will-
ingness by landowners to implement larger buff-
ers.  Following is additional justification on the 
width of the wildlife habitat buffer recommended 
in this plan. 
 
In a review of scientific literature, Richard Fisher 
et al found a variety of ranges for buffer widths 
depending upon the ultimate goal.  For instance, 
the results of their review indicated that to pro-
vide adequate habitat for reptiles and amphibians 
the range was from 98 feet to 3,280 feet (30 m. 
to 1,000 m.), for bird habitat they found a range 
from 131 feet to 5,249 feet (40 m. to 1,600 m.), to 
maintain plant diversity they found a minimum 
recommendation of 98 feet (30 m.), and to main-
tain an unaltered microclimate gradient the mini-
mum recommendation was for 147 feet (45 m.). 
 
In 2004, the U.S. Army Corps of Engineers is-
sued draft guidance on vegetated buffer widths 
related to compensatory mitigation and require 
wildlife habitat buffers in a range from 95 feet to 
more than 330 feet depending upon species.  In 
the process of developing habitat protection ordi-
nances for the City of Tampa, Florida, Gregory 
Howe found in a review of literature that R. For-
man and M. Gordon recommended that to be 

BACKGROUND (cont.) 

“Wetlands are areas where water covers the soil, or is present either at or near the surface of the soil all year or for 
varying periods of time during the year, including during the growing season. Water saturation largely determines 
how the soil develops and the types of plant and animal communities living in and on the soil. Wetlands may sup-
port both aquatic and terrestrial species. The prolonged presence of water creates conditions that favor the growth 
of specially adapted plants and promote the development of characteristic wetlands soils."     U.S. EPA 

Forests and wetlands of the Inland Bays. 
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effective, wildlife corridors required a width great-
er than 600 feet.  Regionally, the Chesapeake 
Bay Program recommends riparian forest buffers 
of 300 feet in order to provide adequate wildlife 
habitat. 
  
Neotropical Migratory Species of Birds 
According to U.S. Fish and Wildlife Service, 
“There are 341 species of neotropical migratory 
birds that breed in the United States and Canada 
and winter in Latin America including species of 
plovers, terns, hawks, cranes, warblers and spar-
rows.  Many of these birds are presently in de-
cline, and several species are protected as 
threatened or endangered under the Endangered 
Species Act.” 
 
Neotropical migrant species can be defined as 
bird species in the Western Hemisphere of which 
a majority of individuals of that species breed 

north of the Tropic of Cancer and spend their 

winters south of that same line, 23 degrees North 
latitude.  This can include winter grounds in 
South and Central America, the Caribbean Is-
lands, and Mexico, and summer grounds in the 
U.S. and Canada. 
 
According to local records (Table 4 ), there are 
84 species of neotropical migratory birds that 
either migrate through or spend their summer 
season in Delaware.  Of the 84 species, 63% 
remain in Delaware to breed and nest, 29% are 
considered rare in Delaware, and 19% have ei-
ther a “high” or “moderately high” risk of extinc-
tion based on the total range size and percent of 
breeding range in the northeastern U.S.  Approxi-
mately 7% of these species meet all three of the 
previously mentioned criteria. 
 
Many of these species of birds require large 
blocks of forested land to breed, nest, raise their 
young, and search for food. 

BACKGROUND (cont.) 

Table 4 
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This habitat restoration, enhancement, and pro-
tection plan is not so much a site-specific project 
plan, rather it identifies key areas, types of pro-
jects, and issues or concerns for consideration 
and inclusion with other activities or priorities un-
der consideration by the Center for the Inland 
Bays; local, state, and federal governmental 
agencies; other NGOs; and private individuals. 
 
Smaller Priority Areas (Delmarva Bays, Angola 
Neck, etc.) have been well-studied and are small 
enough that the plan suggests specific targets for 
restoration.  Larger Priority Areas (Cow Bridge 
Branch and Pepper & Vines Creek) are consider-
ably larger areas with more opportunities and op-

tions on potential restoration, so in these cases 
the plan offers a range of potential restoration 
goals.  
 
Within each priority area or project activity is the 
need for site-specific assessment and evaluation, 
planning, design, and project monitoring based on 
the goals and objectives of each particular site or 
project.  Those plans will need to consider such 
factors as specific ecosystem benefits, soils, hy-
drology, construction feasibility, costs, funding 
availability, and operation and maintenance is-
sues and requirements. 

PRIORITY AREA OVERVIEW 

As 

Cow Bridge Branch 

Pepper & Vines Creek 

Dirickson 
Creek 

Angola 
Neck 

Chapel 
Branch 

Legend 
 

  Delmarva Bays 
           

  Millpond Dams 
           

  Priority Area 
        Boundaries  

“When the heron takes flight, what a change in size 
and appearance!  It is presto change!  There go two 
great undulating wings pinned together, but the body 
and the neck must have been left behind somewhere.” 
 

Henry David Thoreau 
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Description:  Formed approximately 100,000 
years ago, these shallow, nearly-circular depres-
sions in the ground seasonally fill with freshwater 
creating non-tidal wetland embayments that are 
usually groundwater or precipitation-driven and 
normally do not receive surface water inflows.  
Delmarva Bays can range from less than an acre 
to tens of acres in size. 
 
More common in the northern parts of the Del-
marva Peninsula and relatively rare in the Inland 
Bays watershed, Delmarva Bays are also re-
ferred to as whale wallows and should not be 
confused with tidal or estuarine embayments 
such as lagoons, salt ponds, back bays, coastal 
bays.  They are more technically known as 
Coastal Plain Seasonal Ponds. 
 
During the winter and spring months, Delmarva 
Bays fill with water and provide critical habitat for 
amphibians, reptiles, plants, and insects.  During 
drier times in the summer and fall, the Bays will 
usually dry out and fill with mosses, grasses, 
sedges, rushes, and shrubby plants.  All three 
Delmarva Bays shown above are in private or 
community association ownership. 

Goal:  Work closely with private landowners, area 
businesses, and local, state, and federal agen-
cies to determine what impacts are affecting the 
function of the Delmarva Bays, such as invasive 
species, changes in hydrology, and the loss of 
forested buffers, and to cooperate on their resto-
ration. 
 
The three Delmarva Bays shown above: Hetty 
Fisher Pond (lower right corner); Welches Pond 
(northwest of Hetty Fisher); and Still Pond (upper 
left corner) are highlighted in yellow and are 
shown over an infrared image of the northwest-
ern Rehoboth Bay watershed. 
 
Forested areas are shown in dark green and wet-
lands of various types, including tidal (estuarine) 
and non-tidal (palustrine) forested, shrub, and 
emergent, are shown in light green.  This map 
shows how each pond has different stressors 
and needs. 

 Hetty Fisher Pond has a multi-unit subdivi-
sion along its western edge that uses the 
pond for stormwater drainage and has very 
little wooded buffer to the north and south. 

Delmarva Bays (#1) 

Still Pond 

Welches Pond 

Hetty Fisher 
Pond 
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 Welches Pond has very little wooded buffer 
on two sides and a commercial operation that 
also drains into the pond. 

 Still Pond and the wooded areas to the north, 
west, and south are protected through the 
agricultural easements (red cross-hatched 
area).  Several homes are located immedi-
ately adjacent to Still Pond and there is a 
need to control non-native invasive plants.  
The area to the east is currently under devel-
opment.  Wetland areas are not shown adja-
cent to Still Pond in this image.  

 
 

Objective 1: Protect Delmarva Bays -  
1. Work directly with private landowners to edu-

cate them about the uniqueness of the Del-
marva Bays located on or adjacent to their 
property. 

2. Work closely with the landowners and key 
groups such as the DNREC Heritage Pro-
gram and The Nature Conservancy to deter-
mine threats and opportunities that exist at 
all three Delmarva Bay sites, such as surface 
water inflows, loss of wooded buffers, exces-
sive groundwater withdrawal, etc. 

3. Assist in determining what actions, opportuni-
ties, or programs, if any, exist to assist the 
landowners in protecting the Delmarva Bays, 
such as conservation easements, tax incen-
tives, fee simple sale to conservation groups 
(if that is the landowner’s desire), building/
construction setbacks, etc. 

4. Protect 25+ acres (Table 5) of Delmarva 
Bays in the watershed through easements, 
purchase, or enhancement. 

5. Estimated cost to complete this objective of 
working with the 15 adjoining landowners 
would involve agency and NGO staff time 
and legal costs for document preparation. 

 
Objective 2:  Assess Delmarva Bay Hydrology - 
1. Work with hydrologists from the USDA-

Natural Resources Conservation Service, the 
U.S. Geological Survey, Delaware Geological 
Survey, and Delaware Department of Natural 
Resources and Environmental Control to de-

termine subsurface flow characteristics and 
its affects on the Delmarva Bays, along with 
the impacts of stormwater runoff from adjoin-
ing properties. 

2. Based on the hydrologists’ findings, assist in 
determining the causes and potential solu-
tions to localized groundwater impacts. 

3. Work with the U.S Department of Agriculture, 
Cooperative Extension System, Delaware 
Department of Natural Resources and Envi-
ronmental Control, Delaware Department of 
Agriculture, local landowners, farmers, and 
businesses to address groundwater conser-
vation and surface runoff. 

4. The estimated cost of completing this objec-
tive (hydrologic analysis) and to address 
stormwater impacts at both Hetty Fisher and 
Welches Pond is $40,000. 

 
Objective 3: Control Non-native, Invasive Spe-
cies -  
1. Work with the Delaware Invasive Species 

Council, U.S. Departments of Agriculture and 
Fish and Wildlife Service, the Delaware De-
partments of Agriculture, Transportation, and 
Natural Resources and Environmental Con-
trol to identify which non-native, invasive spe-
cies are threatening the areas in and around 
the Delmarva Bays.   

2. Prioritize findings and establish a list of prob-
lem plant and animal species, the areas 
threatened, potential funding, and partners to 
control and/or eliminate these nuisances. 

3. Estimated cost to complete this objective is 
$7,600 over three years. 

Delmarva Bays (cont.) 

A shallow-water area in Hetty Fisher Pond.  These 
areas are very sensitive to invasive plants, the addi-
tion of surface runoff, and loss of wooded buffers. 

Delmarva Bay Approx. Size in Acres 

Hetty Fisher Pond 3.24 

Welches Pond 5.92 

Still Pond 16.09 

Table 5 
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Objective 4:  Delmarva Bay Restoration - 
1. Based on the specific condition of each of 

the Delmarva Bays, work with local landown-
ers and resource agencies and groups to 
identify areas for potential restoration.  This 
may include; planting native trees, shrubs, 
and grasses to re-establish or increase the 
size of buffers around the Delmarva Bays; 
reducing or eliminating surface water sources 
discharging into the Delmarva Bays; removal 
or control of woody vegetation in open pond 
areas; and the elimination of non-native, in-
vasive species. 

2. The estimated cost to implement this objec-
tive of re-establishing a 250 foot riparian hab-
itat buffer ranges from $2,500 to $6,500 de-

pending upon site preparation needs.  To 
control woody vegetation within the ponds 
and to replant desirable native vegetation is 
estimated to cost approximately $9,600 over 
a two year period.  Site preparation costs for 
buffer planting can vary based on whether 
mowing, disking, or herbicide application is 
necessary before planting, as well as by the 
size and species of trees selected. 

Delmarva Bays (cont.) 

Rt. 24 

Hetty Fisher Pond 

Welches Pond 

Welches and Hetty Fisher Pond, typical Delmarva bays, shown in 1926 (lt) and 2002 (rt).  Changes in surrounding 
land use and increases in groundwater withdrawal and surface runoff threaten the long-term survivability of these 
small, unique ecosystems.  Aside from increasing groundwater withdrawal and the loss of wooded buffers, all three 
ponds (Still Pond not shown) have adjoining developed land that are contributing additional runoff. 

Rt. 24 

Hetty Fisher Pond 

Welches Pond 

“We abuse land because we regard it as a commodity 
belonging to us.  When we see the land as a community to 
which we belong, we may begin to use it with love and 
respect.” 

 
Aldo Leopold 
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Description:  Cow Bridge Branch physically starts 
below the dam and spillway of Morris Millpond 
and meanders south for approximately 2.5 miles 
until it empties into the upper end of Millsboro 
Pond.  In the aerial photograph above (USDA 
2006), the Cow Bridge/Millsboro Pond watershed 
is outlined in light blue (approximately 28,045 
acres), primary streams and ditches in dark blue, 
with regional features labeled.  The primary focus 
of this priority area is the main stem of Cow 
Bridge Branch and the headwater region above 
Morris Millpond, which is 11,100 acres. 
 
Upstream from Morris Millpond, the tributaries 
that form Morris Millpond/Cow Bridge Branch 
include:  Eli Walls and McGee Ditches and Gills 
Branch to the northwest; Peterkins Ditch to the 
north; and White Oak Swamp and Sockorockets 
Ditches and Welsh and Simpler Branches from 
the northeast.  The confluence of White Oak 
Swamp, Sockorockets, Welsh, and Simpler form 
Deep Branch, which flows directly into Morris 
Millpond.  Channel length of primary streams and 
ditches upstream of Morris Millpond total 30.7 
miles or 161,870 linear feet.  Forested lands with-
in the Morris Millpond headwaters account  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

for approximately 59.5% of the land cover, or 
6,600 acres. 
 
Because of this watershed’s proximity to 
Georgetown, Millsboro, Sussex Correctional In-
stitution, the Sussex County Industrial Airpark, 
and the Stockley Center, residential subdivision, 
single family home construction (road front strip 
lots), commercial development, and the clearing/
conversion of farmland and wooded areas is oc-
curring at a rapid pace.  The impact of these ac-
tivities have resulted in fragmented forested are-
as, a decrease in riparian areas, increases in 
stormwater runoff, increased nutrient loads, the 
spread of non-native, invasive plants and ani-
mals, thereby placing increased pressure on na-
tive plants and animals and the habitats they de-
pend upon for survival. 
 
Goal:  Work closely with state and private land-
owners, area businesses, NGOs and land trusts, 
and local, state, and federal agencies to protect 
and enhance riparian area habitat, restore de-
graded headwater or channelized streams, pro-
tect unique habitat areas and open space, and 
reforestation. 

Cow Bridge Branch (#2) 

Georgetown 

Millsboro 
Pond 

Rt. 113 
Stockley 
Center 

Sussex Pines 
Golf Course 

Rt. 20 

S.C. Industrial 
Airpark 

Rt. 30 
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Morris 
Millpond 



19 

 

Objective 1:  Reforestation- 
1. Work closely with state and federal agencies 

to identify potential areas on state or private-
ly-owned lands for native species reforesta-
tion/aforestation. 

2. Assist state and federal agencies in contact-
ing landowners and in determining site suita-
bility. 

3. Increase forested acres in the Cow Bridge 
Branch subwatershed.  A 5% increase would 
involve 615 acres and 10% would involve 
1,170 acres. 

4. The estimated cost of a 5% increase in for-
ested lands would range from $123,000 to 
$375,000 depending upon site preparation 
needs.  The estimated cost of a 10% in-
crease in forested lands would range from 
$234,000 to $713,000.  Reforestation costs 
can vary widely based on the amount of site 
preparation (i.e. mowing, disking, or herbi-
cide application) that is necessary before 
planting, as well as by the size and species 
of trees selected. 

 
 

Objective 2:  Stream Channel Restoration- 
1. Work closely with state and federal agencies 

to identify potential streams and ditches on 
state or privately-owned lands that would 
benefit from restoration activities including 
tree or native grass buffers, stream channel 
restoration, wetland enhancement or crea-
tion, and flood plain restoration. 

2. Assist state and federal agencies in contact-
ing landowners and in site feasibility evalua-
tions. 

3. The cost to restore degraded stream channel 
or ditches in the Morris Millpond/Cow Bridge 
Branch subwatershed can vary from $86 to 
$221 per linear foot.  There is easily the po-
tential to restore 10,000 feet of degraded 
stream/ditches on Gills Branch and McGee 
Ditch, as well as other tributaries and drain-
ageways that flow into Cow Bridge Branch.  
To restore 10% or 1,000 feet of impaired or 
degraded channel would cost approximately 
$115,000 and to restore 20% or 2,000 feet 
would cost approximately $307,000. 

 
 

Cow Bridge Branch (cont.) 

Morris 
Millpond 

Georgetown 

Rt. 113 
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The dark green areas above represent forested lands (2007).  The red areas shown along certain 
streams and ditches represents a 250’ forested buffer on both sides of the waterway where habitat areas 
could be re-established. 
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Objective 3:  Riparian Area Habitat Protection 
and Enhancement- 
1. Work closely with local, state, and federal 

agencies and NGOs to determine which ri-
parian habitat areas are in need of enhance-
ment or expansion and which stream seg-
ments are in need of riparian area habitat re-
establishment. 

2. Determine which techniques would be most 
effective in protecting existing, well-
established riparian zones consistent with 
the landowner’s wishes, such as conserva-
tion easements, donation, bargain sale, etc. 

3. Work with all groups on site assessments 
and to complete riparian enhancement and 
re-establishment activities with native spe-
cies where appropriate. 

4. Based on a 250 foot habitat buffer on both 
sides of waterways, restore 800 acres of ri-
parian habitat area. 

5. The estimated cost to restore 800 acres of 
riparian area habitat would range from 
$160,000 to $488,000.  Costs can vary 
based on the amount of site preparation (i.e. 
mowing, disking, or herbicide application) 
that is necessary before planting, as well as 
by the size and species of trees selected. 

Objective 4:  Native Plant and Animal Habitat 
Protection- 
1. Work with DNREC’s Heritage Program, 

NGOs, and other state and federal agencies 
in identifying sensitive habitat areas on both 
state and private lands in need of protection 
through various techniques, such as conser-
vation easements, donation, or bargain sale. 

2. Assist in determining which technique would 
be most effective in protecting sensitive na-
tive plant and animal populations.  The deter-
mination of the most appropriate method of 
protection would result from direct consulta-
tion with the landowners or managers in an 
effort to meet their long-term goals and 
needs as well as those of the plant and ani-
mal populations. 

3. Work with approximately 140 landowners 
with parcels of land adjoining streams in 
wooded areas, not in urbanized portions of 
the  subwatershed. 

4. Estimated cost to complete this objective of 
working with the 140 landowners would in-
volve agency and NGO staff time and legal 
costs for document preparation. 

Cow Bridge Branch (cont.) 

Protected lands in 
the Inland Bays 

watershed. 

Nature is what we see, 
The hill, the afternoon - 
Squirrel, eclipse, the bumble-bee, 
Nay—Nature is Heaven. 
 
Nature is what we hear, 
The Bobolink, the sea - 
Thunder, the cricket - 
Nay—Nature is Harmony. 
 
Nature is what we know 
But have no art to say, 
So impotent our wisdom is 
To Her simplicity. 
 
        Emily Dickinson 
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Description:  Ranging from the mouth of Love 
Creek in the north to Herring Creek in the south, 
Angola Neck has a unique diversity of plants, 
physical characteristics, and habitat types, rang-
ing from salt marsh, hardwood forests, open wa-
ter areas, sandy beaches, and freshwater wet-
lands.  Because of its broad diversity, Angola 
Neck is rivaled by few other areas in the state. 
 
Most notable are the sea-level fens located in 
Angola Neck.  Fens are where groundwater with 
relatively low pH discharges onto the surface, 
giving rise to an unusual assembly of plants.  
What makes the fens in Angola Neck even more 
unusual is that they occur at or near sea-level.  
Angola Neck is also known for its mature hard-
wood forests, providing excellent habitat for 
mammals, reptiles, and various species of birds. 
 
The area shaded above in the land use/land cov-
er map encompasses 2,910 acres, of which, 44% 
is forested lands and 32% is wetlands (Table 6).  
The 390 acreage overlap in Table 6 can be at-
tributed to the fact that property lines of subdivi-
sions extend into wetland areas.   

 
Unfortunately, Angola Neck is under 
pressure from current and proposed de-
velopment.  These activities have frag-
mented forest areas, filled or degraded 
wetlands, altered groundwater levels and 
quality, and have accelerated natural 
processes such as erosion and sedimen-
tation.  Another major concern in the ar-
ea are non-native, invasive species such 
as the Common Reed (Phragmites aus-
tralis). 
 

Goal:  Work closely with private landowners, sub-
division associations, farmers, area busi-
nesses, conservation groups, and local, 
state, and federal agencies to control inva-
sive species, address changes in hydrology, 
restore eroding shoreline and tidal wetlands, 
protect sensitive natural areas, and to estab-
lish or increase forested buffers. 

 
Objective 1:  Control Non-native Invasive Spe-

cies (predominately plants)- 
1. Inventory and identify invasive plant locations 

based on the State list of plant species of 
concern that has been developed for use by 
DNREC and other groups. 

2. Based on the results of the inventory of the 
Angola Neck area, prioritize actions based 
on species, threat potential, extent, or loca-
tion, especially for those in close proximity to 
sensitive natural areas. 

3. In conjunction with eradication efforts, devel-
op and implement a localized education pro-
gram specific to the area that emphasizes 
the use of native plants as opposed to non-
native invasive plants such as Giant Reed 
(Arundo donax) used in local landscaping. 

4. Identify programs or sources of funding that 
can assist with the inventory, plant identifica-
tion, action prioritization, eradication efforts, 
and restoration of any disturbed areas. 

5. Resources that can assist with these efforts 
include the Delaware Invasive Species Coun-
cil, DNREC-Division of Fish &Wildlife, USDA-
Natural Resources Conservation Service, 
and Delaware Wild Lands. 

 
 

Angola Neck (# 3) 

Land Use/Land Cover (2002) 

Angola Neck Acres % 

Forests          1,286  44.2 

Wetlands             935  32.1 

Subdivisions          1,080  N/A 

Table 6 



22 

 

6. The estimated cost of completing this objec-
tive will depend upon the results of the inven-
tory and the priority list developed by the re-
source agencies. 

 
Objective 2:  Assess Changes in Hydrology- 
Over time, there have been numerous activities 
that have affected how water flows on and under 
the Angola Neck area.  These activities can af-
fect both surface runoff characteristics and sub-
surface flow, or the movement of groundwater. 
Surface water: 
1. Assess the quality (i.e. failing septic systems, 

urban NPS, sediment, nutrients, etc.) and the 
quantity (i.e. stream channel erosion, in-
crease in the frequency of flooding, impound-
ment behind undersized culverts) of surface 
runoff in the area. 

2. Dirt roads in the area have been built on 
steep slopes and may create problems with 
sediment transport.  These should be evalu-
ated and if problems exist, alternatives or 
solutions should be explored. 

3. Determine if there have been any major 
changes in the hydroperiod or if there are 
nuisance flow issues that may have an im-

pact on the sea-level fens and other wet-
lands in the area. 

Groundwater: 
1. Assess the quality of groundwater (i.e. failing 

septic systems, underground storage tanks, 
nutrients, etc.) in the area that may affect 
plant or animal life in the sea-level fens and 
other wetland areas. 

2. Emphasis should be placed on identifying 
and protecting sea-level fen discharge and 
recharge areas.  If these areas are not yet 
identified, efforts should commence to deter-
mine where they are, who owns them, and 
site specific strategies should be developed 
to see what can be done to protect them, 
such as installing buffers or voluntary ease-
ments. 

3. Focus should be placed on groundwater 
quantity and determining if there are any 
large or excessive groundwater withdrawals 
occurring in the area.  It is vital to determine 
where they are and what can be done.  This 
may include specific water budgets or con-
servation based on regional uses and needs.  
It could also include the purchase of ground-
water withdrawal/pumping rights.  Agencies 

Angola Neck in 1954 (lt.) and 2007 (rt.)  part of Camp Arrowhead Road is highlighted for comparison. 

Angola Neck (cont.) 
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and groups with expertise or resources that 
can assist in this objective include Delaware 
Wild Lands, USDA-NRCS, Delaware Geolog-
ical Survey, U.S. Geological Survey, The 
Nature Conservancy, and DNREC’s Ground-
water Discharges and Water Supply Sec-
tions, NPS Program, Drainage Program, and 
Heritage Program. 

4. The estimated cost to complete this objective 
would be in conjunction with Objective 3 of 
the Delmarva Bays hydrologic analysis and 
would involve primarily agency staff time. 

 
Objective 3:  Address Shoreline Erosion and  
 Tidal Wetland Loss- 
Sensitive tidal wetland areas along the shore of 
Angola Neck are being lost due to erosion from a 
myriad of sources.   Although erosion is a natural 
process, it can be accelerated by a combination 
of wave action, sea-level rise, increases in tidal 
amplitude, subsidence, currents, and boat and 
personal watercraft wake.  Areas such as Arrow-
head Point provide protection for tidal marsh from 
wind and waves from the east and northeast.  
Unfortunately, Arrowhead Point itself is eroding, 
growing smaller over time and offering less pro-
tection of the marsh.  Efforts should be made to 
stabilize areas of eroding marsh, where appropri-
ate, or upland areas that protect marshes that 
are themselves suffering from erosion. 
1. Identify areas where landforms such as Ar-

rowhead Point help to protect tidal wetlands 
and other marsh areas experiencing signifi-
cant erosion. 

2. Determine cause(s) of erosion (i.e. boat 
wake, wind, current, other). 

3. Determine most appropriate means to protect 
the resource, such as vegetative stabiliza-
tion, low-profile sills, off-shore groins, etc. 

4. Resources and groups that can assist with 
this objective include DNREC-Division of Wa-
ter Resources Wetlands and Subaqueous 
Lands Program, US Fish & Wildlife Service, 
Delaware and US Geological Survey, and 
Delaware Wild Lands. 

5. Restore/Protect between 3,000 and 6,000 
linear feet of shoreline along the eastern side 
of Angola Neck, primarily north and south of 
Arrowhead Point and Joy Beach, and  areas 
in between. 

6. The estimated cost of completing this objec-
tive will vary based on the stabilization tech-
nique(s) used and the overall scope and 
complexity of the project.  Prices per linear 
foot can range from as low as $20 per linear 

foot for low-energy sites using bio-
stabilization practices and volunteer labor to 
well in excess of $600 per linear foot for high-
er-energy sites using rip-rap for low-profile 
sills and breakwaters, involving marine con-
tractors and engineered designs. 

 
Objective 4:  Expand Forested Areas- 
The mature evergreen and mixed hardwood for-
est in the Angola Neck area are being lost at a 
rapid pace, primarily to development.  Although 
land costs often deter some landowners from 
making a long-term commitment to reforestation 
or expanding forested areas/buffers to connect 
isolated patches, both public and private groups 
need to develop incentives specific to the water-
shed that will increase landowner participation. 
1. Work closely with local, state, and federal 

agencies and private groups to identify po-
tential areas on state or privately-owned 
lands that would be candidates for native 

Angola Neck (cont.) 

Forested areas (2007) are shown in dark green, tidal 
and non-tidal wetlands, including forested wetlands, are 
the two lighter shades of green with stippling, and subdi-
vided lands (2007) are shown with red cross-hatching. 



24 

 

species reforestation / aforestation projects 
and to expand forested buffers and to con-
nect isolated wooded areas (corridors). 

2. Determine if financial assistance programs 
are available to aid landowners and manag-
ers in all phases of reforestation activities.  
Search for additional funds to assist in over-
coming the barriers to implementation. 

3. Assist state and federal agencies in contact-
ing landowners and in determining program 
eligibility and if sites are suitable. 

4. Expand forested areas in the Angola Neck 
area by 128 acres (10%) to 257 acres (20%). 

5. The estimated cost to increase forested are-
as by 10% would range from $25,600 to 
$78,000, and to increase forested areas by 
20% would cost between $51,400 and 
$156,770.  Reforestation costs can vary 
widely based on the amount of site prepara-
tion (i.e. mowing, disking, or herbicide appli-
cation) that is necessary before planting, as 
well as by the size and species of trees se-

lected. 
 
Objective 5:  Protect Sea-level Fens- 
1. Work directly with private landowners to edu-

cate them about the uniqueness of the sea-
level fens located on or adjacent to their 
property. 

2. Work closely with the landowners and key 
groups such as the DNREC Heritage Pro-
gram and The Nature Conservancy to deter-
mine threats and opportunities that exist at 
these sites, such as surface water inflows, 
loss of wooded buffers, and excessive 
groundwater withdrawal. 

3. Assist in determining what actions, opportuni-
ties, or programs exist to assist the landown-
ers in protecting sea-level fens, such as con-
servation easements, tax incentives, fee sim-
ple sale to conservation groups and building/
construction setbacks, etc. 

4. Estimated cost to complete this objective of 
working with landowners would involve agen-
cy and NGO staff time and legal costs for 
document preparation. 

Angola Neck (cont.) 

Wetland resources (top lt.) of Angola Neck, shown light 
green with stippling, includes tidal, non-tidal, and forest-
ed wetlands.  Forested areas (bottom rt.) shown in dark 
green, includes deciduous, evergreen, mixed, and forest-
ed wetlands. 
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Description:  Numerous streams throughout the 
Inland Bays watershed were dammed in the 
1700s and 1800s to provide power for saw and 
grist mill operations.  These dams were con-
structed from a variety of materials including 
compacted earth, concrete, wood, and steel that 
range from less than 2’ in height (Betts upper) to 
nearly 10’ in height (Burtons).  The ponds formed 
behind these dams create shallow, non-tidal 
freshwater habitat for a variety of fish and serve 
as traps for sediments and nutrients that normally 
would be transported downstream. 
 
In more recent times, these ponds provide oppor-
tunities for recreation such as boating, fishing, 
and swimming as well as a desirable location for 

waterfront homes and communities.  

Unfortunately, these dams may also form barriers 
to the migration of anadromous and catadromous 
fish species such as striped bass (Morone saxat-
ilis), blueback herring (Alosa aestivalis), Ameri-
can shad (Alosa sapidissima), Alewife (Alosa 
pseudoharengus), white perch (Morone America-
na), and American eel (Anguilla rostrata).  Only 
two of the seven ponds (Table 7) and their dams 
listed here are in public ownership while others 
are privately owned and maintained.   
 
Another issue to be investigated as part of this 
priority relates to the potential problems caused 
by road and highway crossing pipes or culverts 
and their impact on fish migration.  Pipes that are 
set too high, that may be in need of cleaning or 
replacement, or those that create flows that are 

Mill Pond Dams (#4) 

MILLSBORO 

MORRIS 

GOSLEE 

INDIAN RIVER 

RT. 24 

RT. 24 

MILLPOND DAM 
ROAD CROSSING 

INGRAM 

HERRING 
CREEK 

BURTONS 

BETTS 

RT. 113 

RT. 30 

RT. 5 

LOVE 
CREEK 

SWAN 
CREEK 

Patriots Way Rd. 

Rd. 277 

Banks Rd. 

Zoar Rd. 

Millpond Information Betts Upper Betts Lower Burtons Goslee Ingram Millsboro Morris 

Spillway Height (feet) 2' 8' 10' 6' 7' 3' 8' 

Pond Surface Area (acres) 21 29 46 27 24 101 44 

Pond Ownership Private Private Private Private Public Public Private 

Table 7 
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too strong for some species to pass through 
should be evaluated as to their impact on various 
fish species.  There are approximately 10 road 
crossings of interest pending a more detailed 
survey. 
 
Goal:  Work closely with pond and dam owners 
and managers, local sportfishing clubs, along 
with state and federal agencies, to identify which 
dams, ponds, and road crossings should be con-
sidered candidates for fish and eel passages, or 
other types of restoration or retrofit projects. 
 
Objective 1:  Work with state and federal re-
source agencies to conduct an investigation on 
the suitability of upstream habitat areas for anad-
romous and catadromous fish to spawn and ma-
ture.  Based on the findings, work closely with 
dam and pond owners/managers and state and 
federal fisheries agencies to determine the most 
appropriate course of action. 
 
Objective 2:  Determine what is in the best inter-
est of the fisheries resource and develop a site 
specific strategy to address both the short and 
long-term goals needed to accomplish the objec-
tive.  This might include cases where suitable 
upstream habitat exists but no existing runs of 
desirable species occurs.  This will involve deter-
mining if it is appropriate to install a fish passage 
and then transplant key species to re-establish a 
spawning migration 

Objective 3:  Work with state and federal agen-
cies to review each dam, pond, and road cross-
ing determined to be a problem and decide if cer-
tain retrofits, modifications, or maintenance activ-
ities may help accommodate flushing, enhance 
aquatic habitat or water quality, or help with the 
control of non-native, invasive plants and ani-
mals. 
 
The estimated cost to complete Objectives 1 
through 3 involve primarily NGO and agency staff 
time to complete. 
 
Objective 4:  Solicit funding from a variety of 
sources to offset cost of evaluation, installation or 
restoration, fish acquisition and transport, design 
and assessment, and the development of both 
short and long-term strategies. 
 
The estimated cost to complete Objective 4 var-
ies based on the fish species of concern and 
scope of the potential solution.  In cases of road 
crossings, it may simply be a matter of routine 
maintenance or it might involve an increase in 
size, which would dictate increased cost, plan-
ning, interagency coordination, and construction 
scheduling.  Eel passages generally run less 
than $5,000 and fish passages can range from 
$35,000 to $44,000 per vertical foot. 

Mill Pond Dams (cont.) 

Millsboro Pond Dam on Rt. 24 forms the head of the tidal portion of the Indian River. 

“Like winds and sunsets, wild things were taken for 
granted until progress began to do away with them.  
Now we face the question whether a still higher 
‘standard of living’ is worth its cost in things natural, 
wild, and free.” 

Aldo Leopold 
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Description:  Comprised of a mix of agricultural 
land, forested areas, and single family residenc-
es and subdivisions, the Chapel Branch water-
shed offers a relatively rural setting yet is still 
close to the amenities of the beach area.  The 
area has experienced steady growth with the 
conversion of farm fields and forested land to 
residences, which may be due to the fact that 
Chapel Branch is located equidistant from 
Georgetown, Millsboro, Lewes, and Rehoboth 
Beach.  Chapel Branch is approximately 5.3 
miles (27,800’) in length and is one of the primary 
streams in the Herring Creek watershed.  The 
entire Chapel Branch subwatershed encom-
passes approximately 3,350 acres, which flows 
through Burtons Pond and ultimately drains into 
Rehoboth Bay. 
 
Although the primary stream corridor has a rela-
tively intact riparian area, issues that affect ter-
restrial and aquatic habitat in this sub-watershed 
include:  the loss of farmland to residential devel-
opment; the fragmentation of forested areas for 
conversion to strip lots, subdivisions, and for agri-
cultural production; drainage/channelization in 
headwater areas to deal with localized flooding; 
and the need for wooded and/or native grass 
buffers along streams and ditches to protect and 
enhance habitat and water quality.  State identi-
fied water quality concerns in the watershed in-
clude nutrients, bacteria, and metals, which can 
impact both plant and animal species. 
 
Goal:  Work with farmers, developers, land plan-
ners, and various resource agencies to imple-
ment and enhance the use of wooded and 
grassed wildlife habitat buffers along streams 
and ditches, and to create and/or protect wooded 
corridors between forested areas. 
 
Objective 1: Riparian Area Habitat Protection and 
Enhancement- 
1. Work closely with state and federal agencies 

and NGOs to determine which riparian areas 
are in need of enhancement or expansion 
and which stream segments are in need of 
riparian area re-establishment. 

2. Determine which techniques would be most 
effective in protecting existing, well-
established riparian zones consistent with 
the landowner’s wishes, such as conserva-
tion easements, donation, and bargain sale. 

3. Work with all groups on site assessments 
and to complete riparian enhancement and 
re-establishment activities with native spe-

cies of trees and/or grasses where needed 
and appropriate. 

4. Based on a 250 foot riparian area habitat 
buffer on both sides of Chapel Branch (see 
map on page 25), restore 335 acres of ripari-
an area habitat. 

5. The estimated cost to restore 335 acres of 
riparian area habitat would range from 
$67,000 to $204,000.  Costs can vary based 
on the amount of site preparation (i.e. mow-
ing, disking, or herbicide application) that is 
necessary before planting, as well as by the 
size and species of trees selected. 

  
Objective 2:  Stream Channel Restoration- 
1. Work closely with state and federal agencies 

to identify potential streams and ditches on 
privately-owned lands that would benefit from 
a variety of restoration activities including 
riparian or native grass buffers, stream chan-
nel restoration, wetland enhancement or cre-
ation, flood plain restoration, etc. 

Chapel Branch (#5) 

Above-looking west over Burtons Pond at the inflow of 
Chapel Branch. 
Below-an example of how forested areas in the Chapel 
Branch watershed have been fragmented by conversion 
from forests to subdivisions and farmland. 
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2. Determine if financial assistance is available 
to aid landowners and public drainage organ-
izations that are interested in various stream 
channel restoration activities. 

3. Assist state and federal agencies in contact-
ing landowners and in site feasibility evalua-
tions and solicit funding to assist in project 
completion. 

4. The estimated cost to complete Objective 2 
is dependent upon the outcome of a detailed 
evaluation of the drainage network within the 
Chapel Branch subwatershed. 

 
Objective 3:  Reforestation/Aforestation- 
1. Work closely with state and federal agencies 

to identify potential areas on privately-owned 
lands that would be candidates for native 
species reforestation/aforestation to increase 
the interior size of a forested area or to cre-
ate wildlife corridors between fragmented 
areas. 

2. Determine if financial assistance programs 
are available to aid landowners in all phases 
of reforestation/aforestation activities. 

3. Assist state and federal agencies in contact-
ing landowners and in determining program 
eligibility and if sites are suitable. 

4. The estimated cost to increase forested 
lands in the Chapel Branch by 370 acres, 

which is approximately 11% of the subwater-
shed, would range from $74,000 to $225,000 
depending upon site preparation needs.  Po-
tential sites for reforestation are shown in 
bright green on the map shown above.  Re-
forestation costs can vary widely based on 
the amount of site preparation (i.e. mowing, 
disking, or herbicide application) that is nec-
essary before planting, as well as by the size 
and species of trees selected. 

Chapel Branch (cont.) 

IT is not growing like a tree  
In bulk, doth make Man better be;  
Or standing long an oak, three hundred year,  
To fall a log at last, dry, bald, and sere:  
A lily of a day  
Is fairer far in May, 
Although it fall and die that night -  
It was the plant and flower of Light.  
In small proportions we just beauties see;  
And in short measures life may perfect be. 

 
Ben Jonson 

The main stem of Chapel Branch is shown in light blue with the subwatershed boundary in black.  Forested areas 
are shown in light green and the dark green areas are open lands that could potentially be reforested to expand the 
core riparian zone along Chapel Branch or to reconnect fragmented forested areas.  Red areas represent a 250’ 
forested buffer on both sides of the waterway where habitat areas could be re-established. 

Burtons 
Pond 

C
hapel B

ranch 

Rt. 23 

Rt. 23 

Rt. 5 

Rt. 5 

Unity Branch 
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Description:  The majority of growth and develop-
ment in this area has occurred more to the east 
in the waterfront areas of both Pepper and Vines 
Creeks and on land fronting along Route 113, 
including in the towns of Dagsboro and Frank-
ford.  Other than these areas, a majority of the 
land in these two subwatersheds has retained 
much of their rural and agricultural character and 
land use.  Both watersheds combined total ap-
proximately 22,260 acres, of which, only 39% 
(8,780 acres) remains as forested land. 
 
The soils in the lower portion of the Inland Bays 
watershed can be characterized as having a 
moderately-high organic matter content, relatively 
shallow depth to groundwater, and very little re-
lief, topographically-speaking.  When properly 
managed, these soils can be very productive 

from an agriculture perspective.  Originally in-
stalled to aid in crop production and in some cas-
es for flood control and prevention, the subwater-
shed has a very extensive drainage network of 
public, private, tax ditches, and streams totaling 
over 170 miles. 
 
Goal:  Work with farmers, land owners and man-
agers, and various resource agencies to imple-
ment and enhance the use of wooded and 
grassed wildlife habitat buffers along streams 
and ditches, to create wildlife habitat corridors 
between existing forested areas, and to restore 
degraded headwater or channelized streams. 
 
 
 
 

Pepper & Vines Creeks (#6) 

“If a plant cannot live according to its nature, it dies; 
and so a man.” 

 
Henry David Thoreau 

Pepper C
reek 

V
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e
s
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Dagsboro 

Frankford 

Great Cypress Swamp 

Roads, Forested Areas, and Drainage 
Network of the Pepper/Vines Creek 

Watershed 

Rt. 113 

Rt. 26 

Rt. 20 

Rt. 113 

Rt. 26 
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Objective 1: Riparian Area Habitat Protection and 
Enhancement- 
The development of priority areas in Objective 1 
were partly based on a review of data developed 
by resource agencies intended to aid in focusing 
efforts to expand or enhance critical forested 
habitat for neotropical migratory bird species.  
See page 13 for information on Delaware’s neo-
tropical migratory bird species. 
1. Work closely with state and federal agencies 

and NGOs to determine which riparian areas 
are in need of enhancement or expansion 
and which stream segments are best suited 
for riparian area habitat re-establishment. 

2. Determine which techniques would be most 
effective in protecting existing, well-
established riparian zones consistent with 
the landowner’s wishes, such as conserva-
tion easements, donation, or bargain sale. 

3. Work with all groups on site assessments 
and to complete riparian enhancement and 

re-establishment activities with native spe-
cies of trees and/or grasses where needed 
and appropriate. 

4. Increase forested areas by focusing on re-
connecting isolated blocks of forests within 
the Pepper/Vines Creek watershed by 10% 
(878 acres) or by 20% (1,756 acres), or by 
utilizing a 250 foot riparian area habitat buffer 
on both sides of primary streams and ditches 
(see map below) involving approximately 
2,056 acres, which would be an increase of 
23.4% in forested area. 

5. The estimated cost to increase forested land 
by 10% would range from $175,600 to 
535,600 a 20% increase would be from 
$351,200 to $1.07 million.  To implement the 
250 foot riparian area habitat along primary 
streams and ditches would cost approximate-
ly $411,200 to $1.25 million.  Re-establishing 
riparian area habitat costs can vary widely 
based on the amount of site preparation (i.e. 

Pepper & Vines Creeks (cont.) 

An example of how re-establishing habitat areas in the riparian zone along streams and ditches can increase the 
amount of forested land in a watershed, creating vital habitat for neotropical migratory species of birds and wildlife 
corridors.  Areas in red indicates a potential 250’ riparian area habitat along non-forested segments of primary 
waterways in the Pepper/Vines Creek subwatershed. 
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mowing, disking, or herbicide application) 
that is necessary before planting, as well as 
by the size and species of trees selected and 
if native grasses are involved in the develop-
ment of the habitat areas. 

  
Objective 2:  Stream Channel Restoration- 
1. Work closely with state and federal agencies 

to identify potential streams and ditches on 
privately-owned lands that would benefit from 
a variety of restoration activities including 
riparian or native grass buffers, stream chan-
nel restoration, wetland enhancement or cre-
ation, and flood plain restoration. 

2. Determine if financial assistance is available 
to aid landowners and tax ditch companies 
that are interested in various stream channel 

restoration activities and assist state and fed-
eral agencies in contacting landowners and 
in site feasibility evaluations. 

3. There is the potential to restore more than 
100,000 linear feet of degraded stream chan-
nel and ditches. 

4. Using a range of average restoration costs of 
$86 to $221 per linear foot, the cost could 
easily exceed $8 million.  To promote the 
value and benefits of stream channel restora-
tion and riparian area habitat development, 
approximately 5,000 feet of Herring Branch 
(see map above) could be used as a demon-
stration project.  Stream channel restoration 
costs for this would be approximately 
$768,000. 

Pepper & Vines Creeks (cont.) 

Dagsboro 

Frankford 

Herring Branch 

Rt. 113 

Rt. 20 

Herri
ng Branch 

This 2006 aerial photograph of the Dagsboro/Frankford area indicates the riparian habitat potential along the 
main stem of Herring Branch within the Pepper/Vines Creek subwatershed.  In the photograph, farm fields and 
lots are dark green, Herring Branch is shown in bright blue, other streams/ditches are a darker blue, forested 
areas are light green, and municipalities are shown in grey.  Lands abutting these waterways offer the potential 
to reconnect larger forested areas and to provide corridors for wildlife movement. 
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Description:  Considered by some to be a waste-
land serving little or no real purpose, wetlands 
have been cleared, drained, filled, and ditched in 
an effort to turn them into something that was 
perceived to have a greater value.  Whether 
changed to grow crops, harvest timber, construct 
homes and roads, or build marinas, wetlands 
have been impacted by attempts to convert them 
to a variety of other uses.  Wetlands offer numer-
ous ecological and economical benefits world-
wide that run contrary to the negative light that 
has been cast upon them.  Ecologically, they 
serve as a source of food, shelter, and nesting 
areas for many micro and macro-invertebrates, 
birds, reptiles, mammals, and amphibians that 

inhabit them.  It has been estimated that estuar-
ies and their tidal wetlands serve as a habitat for 
up to 80% of the world’s fish and shellfish spe-
cies, and depending upon their type and size, 
wetlands also serve to trap sediments, utilize nu-
trients, reduce flooding, and aid in the improve-
ment of water quality.  Although non-tidal wet-
lands found in inland areas may not play host to 
a majority of the world’s fish and shellfish spe-
cies, they do provide similar benefits like their 
tidal counterparts as well as groundwater re-
charge and serve as important habitat. 
 
Since the earliest times, having cleared land and 
adequate drainage were very important to early 
settlers.  It has been estimated that from coloni-
zation (mid-1600s) to present time, the Inland 
Bays watershed may have lost up to 45,000 
acres of its wetlands.  From 1938 to 1970, over 
2,000 acres of wetlands were lost in the Inland 
Bays, due mostly to human activities.  The U.S. 
Fish and Wildlife Service and Delaware Depart-
ment of Natural Resources and Environmental 
Control (DNREC) estimate that from 1982 to 
1992, Estuarine Emergent wetland losses totaled 
approximately 20 acres, and was attributed to 
excavation, impoundment, and residential devel-
opment.  This type of wetland is most commonly 
associated with those that fringe the edge of the 
three Inland Bays, inundated by the daily tide 
cycle and dominated by several species of salt-
tolerant marsh grasses. 

Tidal and Non-Tidal Wetland Restoration (#7) 

The desire to live near the water has caused considerable loss and impairment of wetlands in the Inland Bays over 
the past several decades.  These impacts not only decrease functions such as nutrient cycling, flood control, and 
food production, it can permanently alter or destroy much needed habitat. 

Harvesting salt hay (Spartina spp.) from newly-ditched 
marshes in Little Assawoman Bay in the mid-1930s. 
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In 2000, the DNREC Wetlands and Subaqueous 
Lands Program reported that the net loss of State 
regulated tidal wetlands was less than one acre, 
due to permitted activities.  This would not in-
clude natural gains or losses due to accretion 
and avulsion.  With the adoption of State tidal 
wetland protection regulations in the early 1970s, 
losses appear have decreased dramatically, but 
are still occurring.  Current estimates (Table 8 on 
the following page) place the number of Estua-
rine Vegetated wetlands in the Inland Bays wa-
tershed at approximately 9,419 acres.  
 
 From 1982 to 1992, it is estimated that 277 
acres of Palustrine Vegetated wetlands were lost.  
Data from 2001 indicates that losses continued 
over the decade and that the acreage had de-
creased by an additional 154 acres.  Palustrine 
wetlands are characterized as being “beyond the 
influence of tidal brackish waters and typically 
dominated by persistent vegetation (trees, 
shrubs, emergents) that remain standing into the 
next growing season.” 
 
Table 8 identifies various wetland types and 
acreages in the Inland Bays watershed based on 
data extracted from DNREC’s GIS layer of wet-
land coverage (SWMP 2001).  Non-tidal wetlands 

(forested, scrub/shrub, emergent, and agricultur-
al) total approximately 34,022 acres.  This num-
ber is borne out by a separate land use analysis 
in 2002 by DNREC that identified 34,120 acres of 
non-tidal wetlands in the Inland Bays.   
 
The quantification of more recent wetland losses  
is somewhat difficult due to variation in numbers.  
This may be attributed to the fact that land use 
classification systems for both wetlands and for-
ests may overlap when it comes to forested wet-
lands.  Another issue may have to do with the 
level of accuracy, which has increased with tech-
nological advances in aerial and satellite imagery 
and GIS, allowing further refinement of measure-
ments and changes on the ground. 
 
Over the years, the knowledge base of wetland 
functions and values has grown.  In the case of 
tidal wetlands, the loss has decreased dramati-
cally due to increased protection through regula-
tion.  Unfortunately, non-tidal wetlands have seen 
less protection and continue to be lost, degraded, 
or impacted at an alarming rate.  The protection 
of certain categories of non-tidal wetlands is con-
tinually challenged in both state and federal 
courts, and continues to leave many important 
habitat areas unprotected. 

Tidal and Non-Tidal Wetland Restoration (cont.) 

Estuarine wetlands (tidal marshes) of the Inland Bays. 

Palustrine Forested wetlands (wooded non-tidal) of the 
Inland Bays. 

“Hope and the future for me are not in lawns and cultivated 
fields, not in towns and cities, but in the impervious and 
quaking swamps.” 

 

Henry David Thoreau 
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Goal:  Work with local, state, and federal agen-
cies, NGOs, and private landowners to enhance, 
restore, and increase protection of all wetland 
resources. 
 
Objective 1:  Since the early 1990s, Delaware 
has attempted to develop freshwater wetland 
regulations, to no avail.  The CCMP supports 
protecting wetland resources in the Inland Bays 
watershed. 
1. Support efforts at the county, state, and fed-

eral level and private efforts to increase the 
legal protection of freshwater, non-tidal wet-
lands. 

 

Objective 2:  Many successful state, federal, and 
NGO-funded restoration programs struggle for 
adequate funding.  Support Adequate funding for 
local, state, federal, and private programs intend-
ed to restore and enhance wetlands. 
1. Support programs such as NRCS’s Wildlife 

Habitat Incentives Program (WHIP) and Wet-
land Reserve Program (WRP), DNREC’s 
Landowner’s Incentive Program (DELIP), 
USFW’s Partners for Fish and Wildlife Pro-
gram (PFWP), Ducks Unlimited and The Na-
ture Conservancy programs through direct 
and indirect financial support and legislative 
support, where appropriate and legal. 

 
Objective 3:  Work closely with state and federal 
agencies and NGOs to prioritize and perform 
wetland restoration and enhancement in the In-
land Bays.  Work is currently underway to assess 
the quantity and quality of wetlands in Delaware 
and the Inland Bays. 
1. Support these efforts and ensure that the 

Inland Bays are included in the prioritization 
of potential restoration and enhancement 
sites. 

2. Restore decadal wetland losses listed on 
pages 32-33 totaling 431 acres of non-tidal 
wetlands and 20 acres of tidal wetlands. 

 
Objective 4:  Support the Delaware Wetlands 
Conservation Strategy. The Wetlands Conserva-
tion Strategy includes the following goals: 

 To update wetland inventory maps and im-
prove access to wetland related data;  

 To increase monitoring efficiency and effort 
to provide insight into wetland function and 
health;  

 To integrate wetland restoration, creation, 
enhancement, and protection efforts to en-
sure efficient use of resources;  

 To coordinate information and resource shar-
ing among wetland protection pro-
grams, professionals, and agencies;  

 To enhance education and out-
reach efforts to broaden wetland 
stewardship among all wetland 
stakeholders;  

 And to work with partners to pro-
vide support and enhancement for 
existing regulatory programs and to 
provide protection of wetlands that 
are not covered by state and federal 
regulations. 

Tidal and Non-Tidal Wetland Restoration (cont.) 

Farmed wetlands (agricultural) of the Inland Bays. 

Inland Bays Wetland Category Acres Classification 

Agriculture    5,261.79  Pf10,7 

Estuarine Vegetated    9,419.14  E2EM1/SS3Pd 

Palustrine Emergent       741.09  PEM1A 

Palustrine Forested Deciduous   13,665.46  PFO1E 

Palustrine Forested Evergreen    9,892.19  PFO4A 

Palustrine Open Water/Flats       725.31  PUBHx 

Palustrine Scrub-shrub Deciduous    1,372.20  PSS1/EM1A 

Palustrine Tidal Emergent         88.84  PEM1R6 

Palustrine Tidal Forested       317.61  PFO1/SS3R 

Palustrine Tidal Scrub-shrub       151.42  PSS1R 

Palustrine scrub-shrub evergreen    2,363.87  PSS3/4C7 

River Tidal Non-Vegetated           1.81  R1UBVx 

Table 8 
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Description:  Dirickson Creek is the largest tribu-
tary to Little Assawoman Bay.  Like many other 
areas in the Inland Bays with waterfront property, 
this area has seen considerable growth and the 
subsequent land conversion that precedes con-
struction.  The area also has a considerable 
amount of agricultural land.  Part of the headwa-
ters of Dirickson Creek was the first project under 
the then Soil Conservation Service’s PL-566 pro-
gram, implemented in 1956.   
 
The PL-566 Program provided drainage to areas 
affected by flooding which included land from just 
north of Selbyville down through Johnson’s Cor-
ner.  From this project, there resulted increased 
agricultural drainage throughout the Little As-
sawoman Bay watershed.  On the north side of 
Dirickson Creek is the Assawoman Wildlife Area, 
which was originally purchased from the federal 
government in early 1940s.  It is managed by 
DNREC and now totals approximately 3,100 
acres. 
 
Goal:  Promote the use of vegetated/non-
structural methods or techniques to stabilize 
eroding shoreline. 
Objective 1:  Identify areas in Dirickson Creek 
and western Little Assawoman Bay with deterio-
rating bulkheads and where poor shoreline stabi-
lization practices were implemented, such as the 
use of construction debris.   
Objective 2:  Where possible, implement the use 
of alternative shoreline stabilization techniques 
such as bio-logs, vegetation, and low-profile sills.  

These practices should be encouraged in areas 
where appropriate.  This will also involve working 
with various agencies that provide both technical 
and financial assistance to implement alternative 
shoreline stabilization. 
 
Goal: Restore & Enhance Degraded Stream 
Channels. 
Objective 1: Identify stream channel restoration 
and enhancement sites on the numerous small 
public and private drainage ditches that flow into 
Dirickson Creek on the north side, especially in 
the area of Old Mill Bridge. 
Objective 2:  Implement stream channel restora-
tion and enhancement sites on small public and 
private drainage ditches that flow into Dirickson 
Creek.  This may involve complete channel re-
construction and restoration or simply the imple-
mentation of riparian buffers in more urbanized/
suburbanized areas. 
 
Goal:  Support Land Preservation Efforts at the 
Assawoman Wildlife Area, managed by 
DNREC’s Division of Fish and Wildlife.  It is host 
to a variety of rare plants and animals and is a 
seasonal refuge for waterfowl and neotropical 
migratory bird species.  It is also a recreational 
destination for residents and visitors alike who 
utilize the area to hike, bike, birdwatch, fish, crab, 
and hunt.   
Objective 1:  Support efforts to expand the pro-
tected lands in and around the wildlife area 
through the use of conservation easements and 
additional land purchases. 

Dirickson Creek (#8) 

Aerial images of Dirickson Creek in 1938 on the left and in 2002 on the right.  In the 2002 image, note the 
loss of forested land in the lower right, the increase in large scale drainage on the north side of the creek 
incising the woods and at the head of tide on the left, and the loss of agricultural land to development and 
to resource extraction (aka borrow pit) on both sides of the creek. 
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At the final meetings of the CIB’s Habitat Resto-
ration Plan Development Committee, the group 
was asked to review, discuss, and prioritize a list 
of potential aquatic habitat restoration and en-
hancement projects.  It was understood that CIB 
staff would most likely seek funding for the pro-
jects through grant applications after detailed 
study and assessment for the respective project 
had been completed.  The following list of pro-
jects is a result of their prioritization and ranking.  
In several instances, similar types of projects 
have been combined. 
 
Shoreline Stabilization 
Goal:  Promote the use of vegetated/non-
structural methods or techniques to stabilize 
eroding shoreline. 
Objective 1:  Work with DNREC, USDA NRCS, 
and the Sussex Conservation District to secure 
adequate funding and where appropriate, to pro-
mote the use of vegetated/non-structural shore-
line stabilization. 
Objective 2:  Identify candidate sites where failing 
or dilapidated bulkheads can be removed and 
replaced with appropriate vegetated/non-
structural practices. 
 
Submerged Aquatic Vegetation Restoration 
and Enhancement 
Goal:  Work to promote a healthy and expanding 
population of Eelgrass (Zostera marina) and  
Widgeongrass (Ruppia maritima) in the Inland 
Bays. 
Objective 1:  Work closely with DNREC resource 
experts, UD CMES, and WUPIC to identify po-
tential sites for restoration or enhancement 
Objective 2:  Secure funding to accomplish the 
specific goals and needs identified. 

Resource Protection Areas (RPA) 
Goal:  Protect critical aquatic habitat areas 
through the establishment of RPAs. 
Objective 1:  Work closely with DNREC resource 
experts, UD CMES, and the CIB’s Water Use 
Plan Implementation Committee (WUPIC) to 
identify critical aquatic habitat areas in need of 
protection. 
Objective 2:  Work with the DNREC and the Gen-
eral Assembly to develop and codify necessary 
RPA protections. 
Objective 3:  Begin a multi-media public aware-
ness campaign to garner support for the need for 
RPAs. 
Objective 4:  Secure funding to post signage 

around designated RPAs and for map prepara-
tion. 
 
 
 

Aquatic Project List 

Photograph of Eelgrass at the James Farm and several of its residents (inset).  
Courtesy of Kayti Tigani 

It will be vital to work closely with resource experts and to 
gather much-needed information such as depth, sub-
strate composition, current speed, and light penetration to 
determine the most suitable locations for SAV restoration. 

Inland Bays  
soundings 
in meters 
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Diamondback Terrapin, Horseshoe Crab, and 
Colonial Nesting Bird Habitat Restoration 
Goal:  Work with state and federal agencies and 
NGOs to restore or enhance critical habitat areas 
for Diamondback Terrapin (Malaclemys terrapin 
terrapin), Horseshoe Crab (Limulus polyphemus), 
and Colonial nesting bird species including: 
Great Blue Heron; several species of Egret; Oys-
tercatchers; Black Skimmers; and several spe-
cies of Tern. 
Objective 1:  Identify potential restoration or en-
hancement sites based on historic locations. 
Objective 2:  Determine the best technique(s) to 
accomplish the needs of each species. 
Objective 3:  Secure funding to accomplish spe-
cific goals and needs identified. 

Potential restoration or enhancement sites might 
include: 

 Piney Island - Upper Rehoboth Bay 

 Marsh Island - Upper Rehoboth Bay 

 Gull Island - Lower Indian River Bay 

 Sand Island - Lower Indian River Bay 

 Middle Island - Lower Rehoboth Bay 

 Unnamed island between Raccoon Point and 
Little Cedar Island - Lower Rehoboth Bay 
(northeast of Burton Island) 

 Bush Island - Upper Little Assawoman Bay 

 Cherrybush Island - Little Assawoman Bay 

 Point of Cedars Island - Little Assawoman Bay 

 Point of Ridge Point - Little Assawoman Bay 

 Seal Island - Little Assawoman Bay 
 
 
 

 
Pasture Point Stabilization 
Goal:  Stabilize the shoreline at Pasture Point, 
located at the James Farm, to reduce its loss due 
to erosion. 
Objective 1:  Convene an ad hoc committee of 
state, federal, and private resource experts to 
oversee the evaluation and materials/methods 
selection for the project. 
Objective 2:  Evaluate the rate of marsh and 
shoreline loss and determine an acceptable 
baseline condition that adequately addresses the 
shoreline stabilization practice selected. 
Objective 3:  Evaluate a variety of materials and 
techniques that have the potential to be used on 
the project. 
Objective 4:  Select the most appropriate and 
acceptable method and material and acquire all 
necessary permits. 
Objective 5:  Secure funding to complete the pro-
ject based on its specific design, goals, objec-
tives, and permit conditions. 
 
Shellfish Restoration and Enhancement 
Goal:  Ensure a healthy and robust shellfish pop-
ulation within the Inland Bays. 
Objective 1:  Secure funding to work with 
DNREC and the UD College of Marine and Earth 
Studies (UD CMES) to perform a suction dredge 
survey to determine the current state of the Hard 
Clam (Mercenaria mercenaria) population within 
the bays. 
Objective 2:  Work with both groups to evaluate 
the information and determine if current manage-
ment is adequate and if stock enhancement is 
necessary. 
Objective 3:  Continue to work with CIB and UD 
CMES staff on the expansion of the existing 
American Oyster (Crassostrea virginica) reef, 
stock enhancement efforts, and to promote the 
CIB’s Oyster Gardening Program. 
 
 
 

Aquatic Project List 

American Oystercatchers resting on Middle Island. 

Great Blue Heron on Middle Island, located near Massey’s Landing between Rehoboth and Indian River Bays. 
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Habitat Restoration, Enhancement, and  
Protection Programs 

 
 
Delaware Department of Agriculture 
Forest Service 
2320 South DuPont Highway 
Dover, DE 19901 
(302) 698-4500 
Forest Legacy Program 
Forestland Preservation Program 
Low-cost Seedling Program 
 
Delaware Department of Natural Resources and 
Environmental Control 
Division of Fish and Wildlife 
6180 Hay Point Landing Road 
Smyrna, DE 19977 
(302) 735-3600 
Delaware Landowner Incentive Program (DELIP) 
Non-Point Source Program 
89 Kings Highway 
Dover, DE 19901 
(302) 739-9922 
Conservation Reserve Enhancement Program 
 
Ducks Unlimited 
Mid Atlantic Field Office 
34 Defense Street, Suite 200 
Annapolis, MD  21401 
(410) 224-6620 
Partners on certain habitat restoration projects 
 
Sussex Conservation District 
23818 Shortly Road 
Georgetown, DE 19947 
(302) 856-3990 ext. 103 
Conservation Cost-Share Assistance 
 
Sussex County Land Trust 
P.O. Box 763 
Rehoboth Beach, DE 19971 
(302) 227-0287 
Conservation Easements 
 
The Nature Conservancy 
Delaware Chapter Office 
100 West 10th Street, Suite 1107 
Wilmington, DE 19801 
(302) 654-4707 
Conservation Easements 
 
 
 
 

 
 
 
 
U.S. Fish & Wildlife Service 
177 Admiral Cochrane Dr. 
Annapolis, MD 21401 
(410) 573-4500 
Partners for Fish and Wildlife Program 
 
USDA Natural Resources Conservation Service 
Sussex County Agricultural Center 
21315 Berlin Road, Unit #3 
Georgetown, DE 19947 
(302) 856-3990 
Wildlife Habitat Incentives Program 
Wetland Reserve Program 
Conservation Reserve Program 
 

Photo Credit: U.S. Fish & Wildlife Service 
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This information is added for reference  
purposes only. 

 
The Estuary Restoration Act of 2000 directs 
the National Oceanographic and Atmospheric 
Administration (NOAA) to develop standard 
monitoring protocols for estuary habitat resto-
ration projects. This document summarizes 
NOAA’s guidelines for evaluating the success 
of restoration activities in meeting project 
goals, posted on the NOAA website  
http://era.noaa.gov/htmls/era/era_monitoring.
html.  Because restoration project monitoring 
is often the responsibility of local project part-
ners, the costs of monitoring and likely ac-
cess of these parties to specialized equip-
ment and technical expertise were consid-
ered in developing a set of standards that are 
both fiscally responsible and biologically per-
tinent. The supporting document Science-
based Restoration Monitoring of Coastal 
Habitats (Thayer et al., 2003) contains addi-
tional information useful for preparing restora-
tion monitoring plans.  
 
A restoration monitoring plan must include 
information to allow for successful implemen-
tation and evaluation of the project over the 
long term. Because restoration science is still 
in development, restoration projects may not 
meet intended goals. Monitoring can provide 
information to explain why goals are not met, 
and data from these projects can help evalu-
ate relative efficacy of different methods and 
improve restoration techniques and project 
designs for future efforts. The following five 
critical elements must be included in monitor-
ing plans for projects supported by Estuary 
Restoration Act funds:  
 
1. Monitoring parameters must be directly 

linked to the goals established for the pro-
ject and/or the restoration of the water-
shed as a whole. Monitoring parameters 
should be driven by success criteria, 
which should be driven by project goals. 
They should be determined early in the 
restoration process and in conjunction 
with project planning and design. Suc-
cess criteria may represent conditions at 

a reference site, or they may represent 
target conditions considering surrounding 
land use or other factors. Selected moni-
toring parameters must: 

 
 include at least one structural parameter 

(in addition to project acreage) to be mon-
itored from the initiation/implementation of 
the restoration project, 

 
 include the addition of at least one func-

tional parameter (in addition to project 
acreage) no later than one year from the 
initiation/implementation of the restoration 
project, and  

 
 continue to be measured until results (see 

#2) indicate a trend in whether or not the 
project is successful at meeting its goals 
(see #5 for recommended timeline). If a 
trend indicates that the project is not suc-
cessfully meeting its goals, steps should 
be taken to determine why goals are not 
being met and determine whether mid-
course corrections should occur (see item 
5 page 38). 

 
2. Methods for evaluating results must be 

established (for example, statistical tests 
of hypotheses, trend analysis, or other 
quantitative or qualitative approaches) 
that directly relate to the goals for the pro-
ject and/or watershed. 

 
3. To establish initial conditions for each 

measure included in the monitoring plan, 
pre-construction or pre-design (baseline) 
monitoring must occur. Historical data-
bases and other existing information 
about the study site and surrounding area 
can contribute to assessing baseline con-
ditions. Depending on the project site and 
ecosystem specifics, this may involve a 
one-time evaluation or multi-seasonal 
sampling. 

Monitoring Requirements Under the Estuary Restoration Act  
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4. Project sites should be compared to a 
reference site or historical data represent-
ing a reference condition in order to eval-
uate progress toward reaching goals. Ide-
ally, reference sites would be monitored 
according to the same plan as the project 
site, so that natural variability and other 
regional fluctuations can be detected. 
Even if success criteria are not based on 
conditions at a reference site, reference 
sites provide useful information to inter-
pret project performance. 

 
5. Monitoring must be conducted in a timely 

fashion with a frequency and length of 
time appropriate to each parameter in the 
context of project goals and the status of 
the project. Immediately following con-
struction it is imperative to intensively 
monitor those parameters that will drive 
the success of the project in order to al-
low for corrective measures. As the re-
stored habitat matures, these measure-
ments may become less frequent, while 
functional parameters may be more 
closely monitored.  

 
 Restoration projects must include provi-

sions or contingency plans for adaptive 
management. Data must be provided in a 
timely fashion to project managers to al-
low for potential mid-course corrections.  

 
 The length of time over which monitoring 

is to be conducted should be driven by 
the project goals, success criteria, and 
monitoring parameters. Some impacts of 
a restoration project may be observed 
rather rapidly after construction, while oth-
ers may take decades to fully appear. 
Five years should be considered a mini-
mum for monitoring for projects with phys-
ical goals such as the stabilization of a 
shoreline. Any project including goals for 
organisms or ecological function should 
consider a longer monitoring period. If 
mid-course corrections occur, monitoring 
should continue, but is not required to 
continue for an additional five years after 
corrections are in place.  

 The monitoring schedule should be de-
signed to measure each parameter at the 
most appropriate time of day, month 
and/or year; for example, according to 
wildlife activity levels, tidal cycles, migra-
tory patterns, vegetation growing sea-
sons, and other relatively predictable vari-
ations.  

 
 Monitoring results, both positive and neg-

ative, must be made available to others 
designing or managing restoration pro-
jects. Restoration practitioners are strong-
ly encouraged to use the on-line National 
Estuary Restoration Inventory 
(www.neri.noaa.gov) to share project in-
formation, so that techniques can be se-
lected and refined based on the collective 
experience of the restoration community.  

 
 
Monitoring Section Reference:  
Thayer GW, TA McTigue, RJ Bellmer, FM 
Burrows, DH Merkey, AD Nickens, SJ Loza-
no, PF Gayaldo, PJ Polmateer, PT Pinit.  
2003.  Science-Based Restoration Monitoring 
of Coastal Habitats.  Volume 1: A Framework 
for Monitoring Plans Under the Estuaries and 
Clean Waters Act of 2000 (Public Law 160-
457).  NOAA, National Ocean Service,  
National Centers for Coastal Ocean Science. 
91 pages.  
http://coastalscience.noaa.gov/ecosystems/ 
estuaries/restoration_monitoring.html  

Monitoring Requirements Under the Estuary Restoration Act (cont.) 
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Indicators of Habitat Structure 
Physical  
Channel characteristics/Dimensions  
Currents magnitude and timing/Water column current 
velocity  
Fetch  
Hydroperiod/tidal regime/Water level fluctuation over 
time  
Inflow from upland sources/Sheet flow  
Light penetration/Secchi/PAR  
Pool/riffle ratio  
Riverine water velocity and source  
Temperature  
Topography/Geomorphology/Basin elevations  
Turbidity  
 
Soil/Substrate  
Bulk density  
Moisture levels and drainage  
Organic content  
Redox potential  
Sediment grain size/Percent sand, silt, clay, gravel, 
cobble  
Sedimentation rate and quality  
 
Vegetation  
Algae species composition/percent cover  
Basal area  
Canopy areal extent and structure  
Edge to area ratio  
Epiphyte species composition/percent cover  
Plant species composition/percent cover  
Plant height  
Ratio of vegetation to open water  
Stem density  
Woody debris  
 
Fauna  
Vertical relief of reef  
 
 

Indicators of Habitat Function 
Vegetation  
Algae species composition/percent cover  
Basal area  
Biomass/Plant weight (above/below-ground parts)  
Canopy areal extent and structure  
Edge to area ratio  
Epiphyte species composition/percent cover  
Herbivory/Disease/Plant health  
Invasives species composition/percent cover  
Litter fall  
Phytoplankton diversity/abundance  
Plant species composition/percent cover  
Plant height  
Productivity rate  
Rate of canopy closure  
Seedling survival  
Stem density  
Woody debris  

 
Physical  
Channel characteristics/Dimensions  
Currents magnitude and timing/Water column current 
velocity  
Hydroperiod/tidal regime/Water level fluctuation over 
time  
Inflow from upland sources/Sheet flow  
Light penetration/Secchi/PAR  
Pool/riffle ratio  
Riverine water velocity and source  
Temperature  
Topography/Geomorphology/Basin elevations  
Turbidity  
 
Fauna  
Amphibians: species composition/ abundance/life stage 
distribution/behavior  
Animal health/disease  
Birds: species composition/abundance/  
life stage distribution/behavior  
Coral growth rate  
Coral recruitment/survivorship  
Fish: species composition/abundance/  
life stage distribution/behavior  
Grazer density (for coral)  
Invasives: species composition/abundance  
Invertebrates: species composition/ abundance/life 
stage distribution/behavior  
Mammals: species composition/ abundance/life stage 
distribution/behavior  
Reptiles: species composition/ abundance/life stage 
distribution/behavior  
Shellfish disease/predation  
 
Chemical characteristics of water  
Chlorophyll concentration  
Dissolved oxygen  
Nitrogen  
Phosphorous  
Salinity  
 
Soil/Substrate  
Bulk density  
Moisture levels and drainage indicators  
Nitrogen (pore water)  
Phosphorous (pore water)  
Organic content  
Redox potential  
Salinity (pore water)  
Sediment grain size/Percent sand, silt, clay, gravel, 
cobble  
Sedimentation rate and quality  
 
Other  
Trash  
Fecal coliforms  
Toxics  

Indicators of Habitat Structure and Function 
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The following is a list of printed materials and websites that contained information used in the develop-
ment of this plan. 
 
1996 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation-Delaware.  March 1998.  
U.S. Fish and Wildlife Service.  Document No. FHW/96-DE. 
 
2006 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation-Delaware.  January 2008.  
U.S. Fish and Wildlife Service.  Document No. FHW/06-DE. 
 
A Framework for Monitoring Plans Under the Estuaries and Clean Waters Act of 2000.  2003.  National 
Oceanographic and Atmospheric Administration.   
http://coastalscience.noaa.gov/ecosystems/estuaries/restoration_monitoring.html  
 
Appendix A - Significant Wildlife Habitat Minimum Width/Size Criteria.  2006.  Gregory Howe.   
http://www.floridahabitat.org. 
 
Assessment of the Ecological Condition of the Delaware and Maryland Coastal Bays. September 1996.  
U.S. Environmental Protection Agency.  Document No. EPA/620/R-96/004. 
 
Between Ocean and Bay.  A Natural History of Delmarva.  1991.  Jane Scott. 
 
Center for Applied Demography and Research.  March 2008.  University of Delaware.   
http://www.cadsr.udel.edu;census2k;default.htm 
 
Chesapeake Bay Riparian Handbook: A Guide for Establishing and Maintaining Riparian Forest Buffers.  
1997.  U.S. Department of Agriculture Forest Service.  Document No. NA-TP-02-97. 
 
Delaware Inland Bays Estuary Program Comprehensive Conservation and Management Plan (Ch 1-5).  
June 1995.  State of DE and U.S. Environmental Protection Agency.  Document No. 40-08/95/06/02. 
 
Delaware Inland Bays Watershed Nutrient Management Project - Draft.  January 1999.  John Macken-
zie, John Martin, Lilian Pintea, Boonchauy Boonmee, Negede Gedamu and Theresa Thomas.  Universi-
ty of Delaware, College of Agriculture and Natural Resources, Spatial Analysis Lab.   
http://www.udel.edu/FREC/spatlab/spot/ 
 
Delaware Nonpoint Source Management Plan.  May 1, 1995.  Delaware Department of Natural Re-
sources and Environmental Control, Nonpoint Source Pollution Program. 
 
Delaware’s Freshwater and Brackish Water Fishes.  1991.  Maynard Raasch and V. Altemus, Sr. 
 
Delaware Wetlands Conservation Strategy.  2008.  Delaware Department of Natural Resources and En-
vironmental Control. 
 
Delaware’s Wetlands:  Status and Recent Trends.  June 2001.  Delaware Department of Natural Re-
sources and Environmental Control and U. S. Fish and Wildlife Service Cooperative Publication.   
Document No. 40-08/01/01/03. 
 
Delmarva Coastal Bay Watershed:  Not Yet Up the Creek (Proceedings). May 1996. U.S. Environmental 
Protection Agency.  Document No. EPA/600/R-96/052. 
 
Gross Land Use Changes in Delaware, 1992 to 1997.  August 1999.  Delaware Office of State Planning 
Coordination.  http://stateplanning.delaware.gov/information/dpc.shtml 
 
Guidance on the Use of Vegetated Buffers as Compensatory Mitigation Under Section 404 - Draft.   
August 2004.  U.S. Army Corps of Engineers.  http://www.mitigationactionplan.gov/Buffer_8-27-04.htm. 
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Improving Riparian Buffer Strips and Corridors for Water Quality and Wildlife.  August 2000.  Richard 
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Inland Bays/Atlantic Ocean Basin Assessment Report.  June 2001.  Delaware Department of Natural 
Resources and Environmental Control, Whole Basin Program.  Document No. 40-01/01/01/02. 
 
Inland Bays Wetland Status.  January 2008.  Amy Jacobs, Delaware Department of Natural Resources 
and Environmental Control.  Personal Communication. 
 
In Search of Swampland.  A Wetland Sourcebook and Field Guide.  1998.  Ralph Tiner.   
 
Migratory Bird Center.  June 2008.  Smithsonian National Zoological Park.   
http://nationalzoo.si.edu/ConservationAndScience/MigratoryBirds/Fact_Sheets/default.cfm?fxsht=9 
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sus Bureau.  http://www.census.gov/population/cencounts/de190090.txt 
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