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INTRODUCTION

Delaware was once a land of mature hardwood forests, coastal marshes, and
freshwater swamps.  Its lands and waters provided rich and productive habitat
for a myriad of songbirds, waterfowl, fish, reptiles, amphibians, and native
plants.  Forested ecosystems supported wildlife and maintained the diversity of
Delaware’s rivers, streams, and wetlands.  Delaware’s prosperity was built on its
biological diversity.  Yet, as the state’s early inhabitants took advantage of the
land’s natural riches to build an economic future, they were simultaneously com-
promising the base of that diversity.  If Delaware citizens hope to provide future
generations with healthy populations of plants, animals, and a diverse array of
native ecosystems, action must be taken now to protect and restore the state’s
natural heritage.

Biological diversity is the “variety of life and its processes.”  It includes “the
variety of living organisms, the genetic differences among them, and the com-
munities and ecosystems in which they occur.”1 Concern for biological diversity
(or “biodiversity”) requires the conservation and restoration of many types of
landscapes, native plant and animal species, and the protection of healthy and
diverse genetic stocks within species. In order to protect Delaware’s biodiversity,
the state’s plants, animals, and ecosystems must be conserved and restored on
public and private lands. 

Delaware’s biological diversity provides the state and its inhabitants with
numerous economic, social, and environmental benefits.  These benefits
include:  the jobs and income generated by the forest and fisheries industries
that are dependent on healthy forests and aquatic habitat; abundant recreational
opportunities, such as hunting, fishing, wildlife observation, and photography,
provided by healthy populations of native species and ecosystems; and a variety
of ecosystem services, such as photosynthesis, water purification, and flood con-
trol, that are supported by diverse, sustainable ecosystems.2 The social, spiritual,
and moral responsibility to maintain ecosystems and their associated comple-
ments of species also motivate Delawareans to protect the environment for
future generations.3

State laws, policies, and institutions profoundly affect the sources of biodiver-
sity loss.  This Executive Summary, and its more detailed companion, Protecting
Delaware’s Natural Heritage: Tools for Conservation, focus on how the state’s legal,
policy, and management tools can be improved and used to ensure that
Delaware’s future includes a vibrant economy, high quality of life, and rich bio-
logical resources.
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Biological diversity
is the “variety of life 
and its processes.”

Source: The Keystone Center.  1991. Keystone Dialogue
on Biological Diversity on Federal Lands.



the state’s forests were lost to urbanization.15 About 75 per-
cent of the forests in the state’s Piedmont region have been
cleared for development, agriculture, and pastureland.16 It
is a telling sign that 41 percent of Delaware’s forest-depen-
dent birds are either rare or extirpated.17 Although the
state’s forestland has begun to recover, very few, if any, old
growth forests remain.  Forest fragmentation and selective

Deleware’s Ecoregions

Source: Fleming, Lorraine M. 1978.  Delaware’s Outstanding 
Natural Areas and Their Preservation.  Delaware Nature Education 
Society: Hockessin, DE.
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THE LOSS OF BIOLOGICAL DIVERSITY 
IN DELAWARE

It is believed that Delaware has lost a higher percentage of
its native plant species than any other state in the nation.4

An estimated 41 percent of the state’s plant species are rare
or uncommon and are in need of protection.  Delaware’s
native plants are under severe threat primarily due to the
direct loss of the state’s wetland and forest habitat.5

Delaware has also identified 236 animal species of con-
servation concern.  These include 6 mammals, 17 fish, 11
amphibians, 20 reptiles, 21 butterflies, and 59 species of
dragonflies or damselflies.6 In addition, 93 species of
Delaware birds are in trouble.7 And 25 species of native
birds, reptiles, insects, and mussels have not been identified
in the state for over 15 years.8 

Habitat destruction and degradation – caused by activi-
ties such as agriculture, road-building, residential and com-
mercial development, and logging, as well as the introduc-
tion of exotic species – are the primary causes of biological
diversity loss.  Over 95 percent of the species listed under
the Endangered Species Act in the United States are threat-
ened, at least in part, by habitat loss or alteration, while
exotic species have contributed to the decline of 42 percent
of federally listed species.9 

The loss of biological diversity in aquatic ecosystems has
been caused by physical habitat alteration, the introduction
of exotic species, chemical pollution, hybridization, and
over-harvesting.10 Approximately 62 percent of the state’s
rivers and streams currently cannot effectively support fish
and wildlife, and 79 percent of the rivers and streams are
not suitable for swimming.11

Nationally, other severe threats to ecosystems include
resource exploitation, fire suppression, recreation (primari-
ly the use of off-road vehicles), and the introduction of
environmental toxins.12 Historically, over-hunting and
over-fishing have contributed to the decimation of specific
groups of species.13 Not surprisingly, many of these threats
have also been identified as the primary forces that have
affected and continue to affect the loss of biological diversi-
ty in Delaware.  The most serious threats to biological
diversity in Delaware include:

Habitat Loss and Fragmentation
Habitat loss and fragmentation have been caused by a vari-
ety of human activities.  Delaware’s lands and waters have
been converted for agricultural use and industrial, residen-
tial, and commercial development.  

Although 31 percent of Delaware is forested,14 rapid
urbanization is threatening the state’s diverse forest
resources.  Between 1984 and 1992, nearly 35,000 acres of
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logging have taken a particularly hefty toll on those migra-
tory and forest interior breeding birds that require large
contiguous blocks of forested habitat. These include the
whip-poor-will, black-and-white warbler, cerulean warbler,
hooded warbler, and American redstart.18

By the mid-1980s, Delaware had lost about 54 percent of
its original wetland acreage.  The majority of these wetlands
were lost to stream channelization and ditching, as well as
direct conversion to agriculture and urban development.19

Agricultural drainage and channelization were responsible
for about 82 percent of the freshwater wetland losses.20

Habitat fragmentation is the process whereby large con-
tinuous areas of habitat are reduced in size and separated
into discrete parcels.  When habitat is destroyed, a patch-
work of habitat fragments is left behind.  The fragments
are often isolated from one another by a highly modified
landscape.  While fragmentation often results from a dra-
matic reduction in the area of the original habitat, it also
occurs when habitat is divided by roads, railroads, drainage
ditches, dams, power lines, fences, or other barriers to the
free movement and migration of plant and animal species.21

Most of Delaware’s remaining ecosystems – the forests,
marshes, and forested swamps – have been highly frag-
mented.  Much of this is due to land use changes resulting
from the growth and distribution of human populations.
Between 1984 and 1992, the state’s population grew by
about 14 percent, while the percentage of developed land
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increased by 50 percent.22 This rate and pattern of growth
and habitat fragmentation has placed Delaware’s ecosys-
tems at high risk.23

Habitat Degradation
Short of the direct destruction of native habitat, the degra-
dation of aquatic and terrestrial habitat can significantly
diminish natural biological diversity. 

Delaware’s water resources are vital for maintaining
healthy populations of native aquatic and terrestrial species.
Modification of natural stream channels and drainage pat-
terns affects terrestrial ecosystems as well as aquatic habitat.  

Agricultural drainage practices are a primary cause of
aquatic alteration in the state.  These practices greatly affect
water flow and have significant effects on water quality, as
well as the terrestrial environment.  When riparian wet-
lands and stream channels are disturbed, flow rates from
adjacent agricultural and residential lands increase, thereby
increasing non-point source pollution loadings and degrad-
ing water quality.24 Ditching can also lower shallow
groundwater tables, drain adjacent wetlands,25 and impact
downstream aquatic ecosystems, even if these areas them-

selves are not ditched.26 The resulting aquatic communi-
ties, wetlands, and riparian areas are less biologically diverse
and therefore are more susceptible to pollution, disease,
and genetic impoverishment. 

Because agricultural drainage ditches are often cleared of
vegetation and other debris to facilitate the flow of water
and future ditch maintenance, riparian zones (forested

“The extensive fragmentation 
of habitats that ensues with 

agricultural and urban-suburban
development inevitably reduces
both plant and animal diversity.
For example, fragments may be 
so narrow that they are entirely
edge, thereby diminishing or 

eliminating all species requiring
forest interior.”

Source:  Hess, G. K., R. L. West, M. V. Barnhill III, and L. M. Fleming.  1999. 
Birds of Delaware. Univ. of Pittsburgh Press: Pittsburgh, PA. p. 10.

Table 1: 
Delaware Species at Risk

Source: Courtesy DNHP
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areas along streams and rivers that flood occasionally) have
also been severely degraded.  Removal of riparian vegeta-
tion results in reduced shading of in-stream habitat, altered
hydrologic conditions, and increased siltation, and decreas-
es the filtration of water as it flows from uplands into the
aquatic environment. 

The elimination or minimization of natural patterns of
disturbance also can cause severe habitat degradation.
Flooding is one such ecological process.  Although ditching
of natural rivers and streams has helped to alleviate the
threat of flooding from severe storm events, this practice
has also disrupted normal stream morphology and natural
patterns of nutrient exchange, debris clearance, stormwater
attenuation, and other functions provided by the interac-
tion of rivers with their surrounding riparian areas.  Species
dependent on riparian areas rely on annual flood cycles
that deposit nutrients in floodplains, clear obstructions in
streams, and create diversity within stream habitats.

“Cumulative impacts to non-tidal
wetlands are more subtle but

equally important to consider as
human threats.” 

Source:  DNREC.  September 1997.  “Delaware’s Non-tidal Wetlands 
Comprehensive Conservation and Management Plan.”  Division of Water 

Resources, DNREC. p. 49.

Harvesting, extractive activities, and development can
result in unnecessary habitat degradation. These activities
and the direct input of pollutants from point sources,
non-point sources, and atmospheric deposition can severe-
ly degrade the aquatic and terrestrial environment.
Chemical contamination of habitat can directly kill plants
and animals, affect reproductive and survival rates, and
cause birth defects.  Most non-point source pollution in
Delaware stems from sedimentation and erosion due to
urbanization and nutrient loading caused by agricultural
activities.  Sedimentation and erosion are harmful to water
quality because the sediments themselves cloud water clar-
ity and are detrimental to aquatic wildlife, and also
because the sediments bring with them nutrients and tox-
ins that disturb the natural chemical and biological bal-
ance of waterways.  

Exotic species
Introduced, or “exotic,” species are plants and animals that
have evolved in different regions of the world and have
been intentionally transported by humans for use as culti-

vated plants and game fish, or introduced inadvertently by
ships and vehicles.  The majority of exotic species do not
become established in their new environments.  Yet,
because exotics are transplanted to areas where their natur-
al predators do not exist, they may have a substantial
advantage over native species.  Those exotic species that do
establish themselves can greatly influence the composition
of native species through competition for resources, direct
predation, or alteration of the existing habitat such that
indigenous species can no longer survive.27

Exotic species in Delaware – both plants and animals –
have disrupted natural communities across the state.  It is
estimated that 543 species and varieties of non-native vas-
cular plants have become established in the state.  Non-
native species now represent 25 percent of the state’s
known flora.28

Many of Delaware’s exotic invasive plant species were
originally planted for wildlife and decorative uses.
Multiflora rose, autumn olive, and oriental bittersweet,
some of the state’s most tenacious exotics, were originally
planted for game food and cover.  These are known to have
“proliferated and aggressively displaced native plants.”29

Non-native species, such as mile-a-minute weed,
kudzu, autumn olive, tree-of-heaven, Japanese honey-
suckle, and mulitflora rose “pose a very serious threat to
forest growth, productivity, and native forest species.”30

Of the 115 tree species found within the state, only 60
are native species.31

“Native species represent the 
natural vegetative communities 
of our landscape and are critical 

in maintaining the biological
diversity and natural heritage 

of our State.”
Source: Division of Parks and Recreation.  “Native Plants Policy.”  

Division of Parks and Recreation, DNREC: Dover, DE.

THE CONNECTION BETWEEN BIODIVERSITY
AND LAND USE

Rapid growth – especially the suburban growth that has
occurred in Delaware – has a profound affect on biological
diversity.  While poorly planned growth leads to the direct
loss of farmland and forestland, it also fragments and
degrades remaining forests and wetlands.  Once fragmented
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and disturbed, vegetated communities become more 
susceptible to degradation by the establishment of invasive
exotic species. 

One of the reasons for such a disproportionately large
loss of the state’s forests, wetlands, and agricultural land is
the sprawling character of Delaware’s growth.  This growth
has been made possible by the cumulative effects of many
state transportation and infrastructure decisions.
Traditionally, increasing automobile use and traffic has
been accommodated by the development of more roads
and highways.  The resulting network of roadways has
enabled sprawling growth to penetrate virtually every cor-
ner of Delaware, making the protection of the state’s natur-
al heritage that much more difficult.

How people and institutions develop and manage the
land will determine the ultimate success or failure of bio-
logical diversity conservation in Delaware.32 Effective con-
servation must occur at two levels – on individual parcels
of land and on a regional basis.  By focusing on an individ-
ual parcel of land or segment of a stream, decisions can be
made that affect species success on that parcel or segment.
At the same time, a regional perspective is important
because many species depend upon large areas, and because
the cumulative impact of human activities across separately
owned tracts of land can promote the success – or cause the
failure – of conservation efforts.

FUNDAMENTALS OF BIOLOGICAL DIVERSITY
CONSERVATION 

The goal of biological diversity conservation is to “main-
tain in a healthy state both the species and the ecological
processes historically native to a natural landscape.”33

Conservation biologists seek to achieve this goal in the
context of a rapidly rising “human population that has
fragmented, simplified, homogenized, and destroyed

many ecosystems.”34 Biodiversity conservation focuses on
the importance of functioning ecological systems that
support native plants and animals.  It is not enough sim-
ply to conserve particular species or particular parcels of
land in isolation.

In order to maximize conservation efforts, it is impor-
tant to understand some basic ecological principles – prin-
ciples that can be applied in the field when making deci-
sions about the use and acquisition of land, siting of facili-
ties, harvesting practices, and other economic activities.

Maintain the viability of individual species repre-
sented in an ecosystem. Although the long-term goal of
conservation efforts is to establish and maintain condi-
tions where critical ecosystem and evolutionary processes
can function, such efforts must seek to ensure that indi-
vidual species populations remain viable.35 To ensure the
survival of individual species, population levels must
remain large enough to protect against extinction from
random natural events (floods, fires, droughts), and genet-
ic diversity must be maintained to ensure that species are
able to adapt to changing environmental conditions.36

Favor native plants and animals and avoid the use of
non-native species. Native plants and animals have great
intrinsic value, as they represent the natural conditions
once found in an ecosystem.  Non-native, or exotic
species, can severely disrupt the natural conditions and
species composition in an area.

Conserve and protect intact mature stages of habitat.
Mature forests and wetlands are essential for the conserva-
tion of native wildlife that does not survive well in dis-
turbed landscapes.37 For example, in Delaware, birds such
as the cerulean warbler, brown-headed nuthatch, and red-
headed woodpecker require mature forests for their breed-
ing habitat.38

Focus conservation and restoration efforts on larger
habitat areas. Larger habitats are better than smaller
areas at ensuring the survival of species.  Smaller popula-
tions are more vulnerable to extinction due to environ-
mental fluctuations, demographic variation, inbreeding,
and reduced gene pools.39 Large habitat areas are also
important for interior forest species because they reduce
the influence of edge effects.40

“To keep every cog and wheel 
is the first precaution of 
intelligent tinkering.”

Source:  Leopold, Aldo.  1949.  A Sand County Almanac.  Reprinted 1966.  Oxford
University Press, Inc.: New York.

The practical goal of biological
diversity conservation is to 
maintain “viable populations and 

natural distributions of native
species and communities in the

regional landscape.”
Source: O'Connell, Michael A. and Reed F. Noss.  1992.  "Private Land Management

for Biodiversity Conservation."  Environmental Management. 16(4):  pp. 435-450.
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Minimize human introduction of
nutrients, chemicals, and pollu-
tants. Introduced compounds can
directly impair biological diversity by
killing terrestrial and aquatic species.
These substances can cause reduced
reproductive and survival rates, dis-
rupt the species composition of an
area, and cause birth defects.  For
example, the input of large amounts
of sediment and associated agricul-
tural chemicals in Delaware's rivers
and streams has caused a drastic
decline in aquatic diversity.

Improve existing habitat or
restore degraded areas to offset
the impacts of development. If
uses of lands and waters are likely
to lead to the loss of biological
diversity, compensation through
restoration measures within the
same landscape can be an appropri-
ate measure to replace lost habitat

functions.  However, impacts to natural systems should
first be avoided or minimized as much as possible.  When
mitigation is used to offset habitat loss, it is critically
important to monitor mitigation sites to ensure that the
desired ecosystem functions are being achieved.

Manage on the regional or landscape level wherever
possible. Planning on a regional or landscape scale can
provide habitat for species that require large areas of rela-
tively undisturbed land, highly specialized species, and
species that may be rare regionally but common locally.
The abundance of many different suitable habitat patches
over the larger landscape can help to improve species’
chances of survival.47

Maintain adaptive management strategies. Over the
course of human land use in Delaware, management
approaches have been adopted to address specific natural
resource goals – water control, agricultural and forestry
production, wildlife enhancement, mosquito control.
Over time, we have come to recognize that many of these
traditional management practices may lead to unintended
consequences, or more commonly, unforeseen cumulative
impacts.  As a result, it is essential that effects of manage-
ment practices are monitored continually and evaluated to
ensure that they are not harming regional, statewide, land-
scape, or ecosystem conservation goals.  Human manage-
ment tools must remain adaptive to changing environ-
mental conditions,48 scientific findings, and improved
understanding about regional cumulative effects.

Minimize the distance between protected habitats
and promote and maintain habitat linkages. The dis-
tance between suitable habitats and the nature of the habi-
tat between areas exchanging populations will influence
the persistence of species.41 Habitats in close proximity to
one another are better than widely separated habitats.  For
example, amphibian species richness has been shown to
decrease across the landscape as wetlands become more
isolated.42 Since connected habitats are better than isolat-
ed habitats, maintaining linkages between fragments may
be at least as important to maintaining biological diversity
as increasing the size of the fragments.43

Protect buffer areas surrounding sensitive ecosystem
types. Creating buffer zones around sensitive areas can help
to protect species that depend upon adjacent lands, especial-
ly when surrounding land uses are incompatible with con-
servation objectives.44 Several studies have documented the
necessity of establishing buffers surrounding specific habitat
types, such as emergent and forested wetlands.45

Allow natural patterns of disturbance to continue, or
at least manage the landscape to emulate natural pat-
terns. Periodic disturbances, such as storms, floods, and
fires, play an important role in maintaining patches in var-
ious stages and in maintaining the plants and animals that
co-evolved under the influence of these natural processes.46

For example, allowing seasonal flooding where consistent
with other land management objectives can be beneficial
to local biological diversity. 
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help interested parties in the state determine which tools
are appropriate for Delaware’s future.

NECESSARY COMPONENTS OF A DELAWARE
STRATEGY

If a state biodiversity strategy is to make significant
inroads into biodiversity conservation and move beyond
planning to on-the-ground implementation, several ele-
ments are necessary.  

Address private as well as public land management
issues. Many existing state biodiversity plans have been
developed to guide land acquisition and management prac-
tices on state-owned lands.  Not all of the lands under pub-
lic ownership are managed with biodiversity conservation
and restoration as a priority.50 But, even if Delaware suc-
ceeds in managing all of its state and federal lands with an
eye toward biological diversity, the activities on only a frac-
tion of the land base will be addressed.  Because the vast
majority of Delaware’s land base is privately owned, private
lands are also a critical part of the puzzle.  A focus on pri-
vate lands is essential if biological diversity is to be mean-
ingfully protected and restored.  

Ensure broad-based involvement. Early on in the
process, include a significant number of appropriate inter-
est groups.  For biodiversity strategies to significantly alter
detrimental practices on private as well as public lands, a
broad coalition of Delaware agencies and organizations
whose decisions affect biological diversity must be brought
to the table.

Foster leadership at high levels early in the process.
Broad involvement and strong leadership are essential to
helping insulate biodiversity initiatives from political
upheavals, as well as bureaucratic and corporate intransi-
gence.  Support from partners in the business community,
non-profit organizations, and commodity interests can
provide state environmental, agricultural, transportation,
and development agencies with the encouragement neces-
sary to withstand political change and overcome bureau-
cratic obstacles.

Define goals clearly. It is worthwhile to spend time up
front to educate the public, define goals clearly, and restate
them often.  Misunderstandings and intentional misinfor-
mation about the goals of state biodiversity initiatives can
create concerns over private property rights that may pose
unnecessary obstacles to broadly supported and even vol-
untary efforts.  Any strategy for biodiversity conservation
also must be closely tied to efforts to direct growth in a
manner that supports Delaware’s economic, human, and
natural capital.

WHY A COMPREHENSIVE STATEWIDE 
STRATEGY?

To comprehensively protect and restore its natural heritage,
Delaware needs a strategy that will address short-comings in
existing tools, improve coordination between state agencies
and other groups, integrate disparate on-going projects, and
support future public and private initiatives. 

A comprehensive statewide strategy would lead to the
development of a plan around which public agencies and
private interests could rally to guide biodiversity conserva-
tion and restoration in Delaware.  Such a strategy would
build on current successes and identify urgent needs.
More importantly, it would weave a web connecting pro-
jects and programs, legal tools, biological inventory and
assessment tools, and people.  A comprehensive strategy is
the best vehicle for local groups, individuals, and govern-
ment to unite their efforts.  It would place seemingly
small, incremental improvements in biological diversity
conservation within a broad vision for Delaware.

Delaware has the technical and practical capacity need-
ed to prepare a successful strategy.  Its state, federal, and
local agencies, conservation organizations, and universities
have a wealth of technical expertise, a dedication to pro-
tecting the state's environment, and the desire to see
Delaware’s biological diversity conserved and restored in a
comprehensive manner.

DEFINING THE FOCUS FOR A 
DELAWARE STRATEGY

If biological diversity is ever to be meaningfully conserved
and restored, it must be integrated into the fabric of state
laws, policies, and institutions.49 Most of the land man-
agement practices and individual decisions that contribute
to habitat loss and fragmentation, habitat degradation,
and exotic species invasions are profoundly affected by
state laws, regulations, and policies.  

There are many opportunities for Delaware agencies,
organizations, local governments, corporations, and citi-
zens to develop a statewide strategy that will address these
effects.  Recommendations at the end of this Executive
Summary and in the companion publication, Protecting
Delaware’s Natural Heritage: Tools for Conservation, offer
practical suggestions for how existing laws, policies, and
practices can be used or altered to better protect
Delaware’s biological diversity.  Many of these recommen-
dations also suggest new tools that Delaware should con-
sider implementing to ensure that its remaining biodiver-
sity is protected and restored. A coordinated strategy can



Seek science-based solutions that are
win-wins for private landowners and
the resource. Landowners must be
presented with an array of options and
incentives for protecting and restoring
biodiversity on their land.  These
should include opportunities such as
cost-share programs, technical assis-
tance and training, tax incentives for
placing sensitive habitat in conserva-
tion easements, the ability to sell devel-
opment rights, and other non-regula-
tory programs.  Delaware agencies and
organizations should work together to
help inform landowners about the vari-
ety of opportunities available to them.
These groups should also work with
landowners to help them identify the
options most appropriate to meet their
needs.
Develop a biodiversity conservation
strategy that specifically addresses
the effects of existing laws, regula-
tions, and policies on biological
diversity. Since many of the sources
of biodiversity loss result from deci-
sions made at the state and local level,
Delaware must begin addressing the

direct and indirect ways the state’s laws, policies, and insti-
tutions create incentives that promote biodiversity loss.

KEY POLICY RECOMMENDATIONS

Below are a number of key policy recommendations taken
from the companion publication, Protecting Delaware’s
Natural Heritage: Tools for Biodiversity Conservation. These
recommendations identify ways biodiversity conservation
and restoration can be enhanced through reinterpreting
existing laws, fine-tuning management practices, working
cooperatively to promote innovative tax incentive and vol-
untary cost-share programs already available in the state, or
adopting new laws.  Which of these challenges Delaware
chooses to embrace is for its dedicated citizens, legislators,
business leaders, and natural resource professionals to
decide.  The chapter references at the end of each recom-
mendation identify where the background material sup-
porting the recommendation can be found.

1. Delaware should exercise its authority to deny infra-
structure and development funding for projects that
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Focus biodiversity initiatives more broadly than on the
development of an acquisition strategy. Land acquisition
alone cannot stem the loss of biodiversity.  Even with
Delaware’s strong public land acquisition programs, it is
highly unlikely that there will ever be sufficient funds to
acquire the acreage necessary to protect and restore all
species and ecosystems of interest and concern.
Furthermore, even if such acquisition were possible, such an
approach could unnecessarily constrain many productive
activities that are compatible with healthy ecosystems.

Develop a unified biodiversity assessment and provide
biological data to local, state, and private decision-mak-
ers in an appropriate format. Delaware has many sources
of scientific data that land managers draw upon in their deci-
sion-making.  These tools could be used to develop a model
for identifying and prioritizing areas suitable for conserva-
tion and restoration, as well as acquisition.  However, it is
critical that biological data be provided to policy-makers at
the state and local levels in a format that they can interpret
and use.  If existing science-based biodiversity assessment
programs are not providing information in an appropriate
format to those whose decisions affect biodiversity, valuable
data will fail to have significant on-the-ground effects.
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4. Enhance the effectiveness of the state Endangered
Species Act.  Revise the Act to include a prohibition
on the taking of listed species, a requirement for 
listing of species, a requirement for consultation with
the Department of Natural Resources and Environ-
mental Control on actions that may impair habitat or
species viability, a requirement for recovery plan
development, and a provision for critical habitat 
designation. Extend protection to Delaware plants
that are endangered, threatened, and species of 
concern either by including plants in the legal defini-
tion of “species” or by enacting a separate plant 
protection law.  Also, revise the Act to extend protec-
tions to threatened species and species of concern in
the state. (Ch. 4)

5. Regularly update the list of “rare” species that are
afforded protection under the state’s freshwater fishing
and hunting regulations. (Ch. 4)

6. Amend the state tidal wetlands law to provide protec-
tion for buffer areas adjacent to tidal wetlands.  The
law should also be amended to require local govern-
ments to adopt the appropriate tools to protect critical
wetlands and buffers. (Ch. 4)

7. Enact a non-tidal wetland law to provide sufficient
protection for habitats and waters of the state not suf-
ficiently protected by the federal §404 program.
Secure sufficient appropriations for effective adminis-
tration of the law. (Ch. 4)

8. Adopt water quality criteria specific to wetlands.  
Adopt and implement regulations guiding Delaware’s 
§401 program for approving, conditioning, or denying
federal §404 wetland permits.  (Ch. 4)

9. Amend Delaware’s subaqueous lands law to eliminate
the requirement of navigability. (Ch. 4)

10. Improve nutrient management practices in the animal
industry through the adoption of appropriately strin-
gent nutrient management regulations, such as time-
of-year restrictions on manure spreading.  Develop a
nutrient applicator license or certification program.
(Ch. 4)

11. Eliminate exemptions for agricultural practices that are
detrimental to water quality and biological resources,
and provide appropriate incentives for improving exist
ing conditions.  Repeal agricultural exemptions in the 

“Environmental conservation
requires both sustained govern-
mental action and an individual

land ethic.  The two are mutually
necessary and reinforcing.  The
goal of public policy should be
wise multiple-use land manage-

ment, which effectively correlates
biodiversity conservation with 
economic land-use, including 
agriculture, forestry, recreation 

and other land uses.”
Source: Vaugh, Gerald F.  February 1999.  “The Land Economics of Aldo Leopold.”

Land Economics. 75(1): 156-159.

are inconsistent with state development policies,
including development outside of designated growth
areas. The Quality of Life Act should be modified to
require (rather than merely allow) the state to deny
funding for infrastructure projects whenever a pro-
posed action is inconsistent with state development
policies. (Ch. 3)

2. Amend existing county comprehensive plans to 
ensure that they are consistent with the state’s devel-
opment priorities.  State designated growth and 
preservation areas are required by law to be reflected
in comprehensive plans at the county level.  Require
counties to develop zoning maps that are in accord 
with their comprehensive plans.  Areas designated as 
growth and preservation areas in the county compre-
hensive plans should be reflected as such in the zon-
ing maps. (Ch. 3)

3. The Department of Natural Resources and Environ-
mental Control should move quickly to meet its legal
obligations under the Land Protection Act by providing
counties with detailed maps of State Resource Areas
(SRAs).  Based on these maps, all three Delaware coun-
ties should comply with the Land Protection Act by
adopting overlay zoning ordinances and environmental
design standards to protect SRAs. (Ch. 3 & Ch. 5)
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Erosion and Sediment Control law and encourage the
U.S. Environmental Protection Agency to reconsider
its determination that waterways in basins of less than
800 acres are considered ditches.   This would remove
the exemption of ditching activities from environmen-
tal review and permitting requirements under the fed-
eral Clean Water Act, state tidal wetland law, and other
state laws.  Adopt regulatory and cost-share incentive
programs to encourage the construction and mainte-
nance of buffers and habitat corridors along drainage 
ditches. (Ch. 4) 

12. The Delaware Department of Agriculture Forest
Service should develop rules and regulations to imple-
ment its new authority to require landowners to sub-
mit notification to the agency prior to commencing
planned silvicultural activities. The agency should
make development of forest management plans
mandatory under the notification process, develop a 
notification and management plan review process to
ensure that landowners seeking approval for a planned
harvest include in their plans appropriate conservation
provisions, and reserve the right to approve, condition,
or deny proposed harvests if appropriate conservation
measures are not included in harvest or management
plans. (Ch. 4)

13. Require strict implementation of wetland mitigation
policies, ensuring that rigorous alternatives analysis is
conducted.  If mitigation banks are utilized to com-
pensate for permitted losses, banks should support
functioning wetlands prior to the withdrawal of cred-
its, success criteria should take biological diversity into
account, and long-term management responsibility
should be secured.  Similar standards should be devel-
oped for other compensatory mitigation approaches,
including on-site mitigation.  Commission a study to
review the permit and ecological success of existing
compensatory mitigation projects. (Ch. 4)

14. Secure a stable annual source of funding for the Open
Space Program and the Agricultural Lands Preser-
vation Program. (Ch. 5)

15. Revise the Land Protection Act to create a matching
grant program within the Open Space Program.
Matching funds could be allocated to local govern-
ments and conservation organizations to acquire open
space in areas consistent with the state’s conservation
goals.  (Ch. 5)

16. Revise the scoring system of the Agricultural Lands
Preservation Act to give increased weight to wetlands,
forests, areas in close proximity to open space, wind-
breaks, bufferstrips, and other natural amenities on
agricultural lands. (Ch. 5)

17. Amend the Agricultural Preservation Program to pro-
vide greater incentives to district landowners to engage
in environmentally beneficial practices.  Provide
enrolled landowners with tax credits for implementing 
agricultural conservation management plans.  The
Delaware Department of Agriculture, U.S.
Department of Agriculture, and U.S. Fish and Wild-
life Service should coordinate to give additional prefer-
ence to landowners enrolled in Agricultural
Preservation Districts to encourage them to apply for
cost-share funding through existing Farm Bill and
wildlife enhancement programs. (Ch. 5)

18. Within the Division of Fish and Wildlife, consolidate
the Non-game Program and Delaware Natural 
Heritage Program in a Wildlife Diversity Program.
Establish the Wildlife Diversity Program at the section
level or integrate it into the division in such a manner
as to ensure that it receives attention equal to that of
the wildlife and fisheries sections.  Secure a stable
source of funding for the program and use donated tax
check-off funds for restoration and research activities.
(Ch. 6)

19. Develop a statewide biodiversity inventory and assess-
ment methodology – drawing from existing sources of
biological data, such as the Delaware Natural Heritage
Program and Gap Analysis Project – to identify biolog-
ically critical areas for targeting incentive programs,
management resources, acquisition funding, cost-share 
programs, long-range planning, and restoration activi-
ties.  Provide this biological information to Delaware’s
land management, economic development, transporta-
tion agencies, local governments, and conservation
organizations in a format that can help guide on-the-
ground decision-making. (Ch. 6)

20. Develop management plans for each of Delaware’s pub-
lic land holdings that address biodiversity conservation
and restoration goals.  Require regular updates to reflect
new trends in wildlife and recreational use, include regu-
lar updates on exotic species, ensure that each agency’s 
constituents are being served, and ensure that manage-
ment activities reflect current scientific understanding 
and do not adversely affect species diversity. (Ch. 6)
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21. Amend Delaware’s Farmland Assessment Act to allow
lands managed for conservation purposes to be eligible 
for property assessment at current use, as are lands that 
sell agricultural, horticultural, or forestry products. (Ch. 7)

22. The U.S. Department of Agriculture’s Natural Re-
sources Conservation Service, Delaware Department of 
Natural Resources and Environmental Control,
Delaware Department of Agriculture, and other state
and local natural resource agencies should coordinate
efforts to promote voluntary private land conservation 
programs that benefit biodiversity. (Ch. 7)

CONCLUSION

There is ample authority for, and interest in, the devel-
opment of a statewide strategy to protect and restore
biological diversity in Delaware.  Delaware must look to
its future by developing a statewide strategy that
acknowledges that biodiversity is the common heritage
and responsibility of all the state’s citizens.  Now is the
time to define whether or not Delaware’s future will
reflect the biological abundance that once characterized
the state and that continues to draw people from around
the world.

1 The Keystone Center. 1991. Keystone Dialogue on Biological Diversity on Federal Lands.
2 Pennsylvania Biodiversity Technical Committee.  1995.  A Heritage for the 21st Century:
Conserving Pennsylvania's Native Biological Diversity; Office of Technology Assessment of
the U.S. Congress. 1987.  Technologies to Maintain Biological Diversity. OTA-F-330.
Washington, DC.
3 Belden & Russonello.  April 1996.  Human Values and Nature's Future:  Americans'
Attitudes on Biological Diversity. Washington, DC.
4 DNREC 1998.  State of Delaware: 1998 Watershed Assessment Report (305(b)).
DNREC: Dover, DE.  III 4-6.
5 McAvoy, William A.  March 1998.  Rare Native Plants of Delaware.  DNHP, DNREC:
Smyrna, DE.
6 Heckscher, Christopher M.  April 16, 1999.  List of Rare and Uncommon Animals in
Delaware. DNHP, DNREC.  Smyrna, DE; Delaware Natural Heritage Program.  March
1998.  List of Rare and Uncommon Animals in Delaware. DNREC: Smyrna, DE.
7 Hess, G. K., R. L. West, M. V. Barnhill III, and L. M. Fleming.  1999.  Birds of
Delaware. Univ. of Pittsburgh Press: Pittsburgh, PA. p. 12.
8 Heckscher, Christopher M.  April 16, 1999.  List of Rare and Uncommon Animals in
Delaware. DNHP, DNREC.  Smyrna, DE; Delaware Natural Heritage Program.  March
1998.  List of Rare and Uncommon Animals in Delaware DNREC: Smyrna, DE.
9 Noss, Reed F. and Dennis D. Murphy.  1995.  “Endangered Species Left Homeless in
Sweet Home.”  Conservation Biology.  9(2): pp.229-231; Schmitz, Don C. and Daniel
Simberloff.  Summer 1997.  “Biological Invasions:  A Growing Threat.”  Issues in Science
and Technology.  Vol. XIII, No. 4.  National Academy of Sciences:  Washington, DC.
10 Noss, Reed F. and Dennis D. Murphy.  1995.  “Endangered Species Left Homeless in
Sweet Home.”  Conservation Biology.  9(2): pp.229-231.;  Richter, Brian D., et. al. 1997.
“Threats to Imperiled Freshwater Fauna.”  Conservation Biology.  11(5): p.1082.
11 DNREC, Division of Water Resources, 1998 305(b) Watershed Assessment Report,
p. I-4.
12 Noss, Reed F. and Robert L. Peters.  December 1995.  Endangered Ecosystems:  A
Status Report on America's Vanishing Habitat and Wildlife.  Defenders of Wildlife.
Washington, DC: pp.45-52; Schmitz, Don C. and Daniel Simberloff.  Summer 1997.
“Biological Invasions:  A Growing Threat.”  Issues in Science and Technology.  Vol. XIII,
No. 4.  National Academy of Sciences.  Washington, DC; Myers, Norman.  1997.
“Global Biodiversity II: Losses and Threats.”  Principles of Conservation Biology.  2nd
Edition.  Sinauer Associates, Inc.: Sunderland, MA. p. 148-152.
13 Johnson, James E.  1995.  “Imperiled Freshwater Fishes.” Our Living Resources:  a
report to the nation on the distribution, abundance, and health of U.S. plants, animals,
and ecosystems.  Eds. E.T. LaRoe, G.S. Farris, C.E. Puckett, P.D. Doran, and M.J. Mac.
U.S. Department of the Interior, National Biological Service: p.43; Tuggle, Benjamin N.
1995.  “Mammals:  Overview.”  Our Living Resources:  a report to the nation on the dis-
tribution, abundance, and health of U.S. plants, animals, and ecosystems.  Eds. E.T.
LaRoe, G.S. Farris, C.E. Puckett, P.D. Doran, and M.J. Mac. U.S. Department of the
Interior, National Biological Service: p.93
14 Delaware Department of Agriculture.  1998.  Delaware’s Forests: A Vision for the
Future.  DDA: Dover, DE.  p. 4.

15 Delaware Department of Agriculture.  1997.  Forest Health in Delaware.  DDA:
Dover, DE.  p. 1.
16 DNREC.  Whole Basin Initiative: Piedmont Basin Preliminary Assessment Report.
DNREC: Dover, DE. p. 88.
17 Broaddus, Lynn.  Division of Fish and Wildlife, DNREC.  Personal correspondence.
18 Hess, G. K., R. L. West, M. V. Barnhill III, and L. M. Fleming.  1999.  Birds of
Delaware.  Univ. of Pittsburgh Press: Pittsburgh, PA. p. 15.; Broaddus, Lynn.  Division
of Fish and Wildlife, DNREC.  Personal communication.
19 Tiner, R.W.  1987.  Mid-Atlantic wetlands B A disappearing natural treasure.  U.S.
Fish and Wildlife Service and U.S. Environmental Protection Agency: Washington, DC;
Hess, G. K., R. L. West, M. V. Barnhill III, and L. M. Fleming.  1999. Birds of
Delaware.  Univ. of Pittsburgh Press: Pittsburgh, PA. p. 15-16.
20 Tiner, Ralph W. and John T. Finn.  1986.  Status and Recent Trends of Wetlands in
Five Mid-Atlantic States.  U.S. Fish and Wildlife Service: Newton Corner, MA.  p. 13.
21 Primack, Richard B.  1993.  Essentials of Conservation Biology.  Sunderland, MA:
Sinauer Associates, Inc. Publishers; Robinson, Scott K.  1997.  “The Case of the Missing
Songbirds.”  Consequences.  3(1): pp.3-15.
22 Shaping Delaware's Future: The 1997 Annual Assessment Report to the Cabinet
Committee on State Planning Issues.  July 1998, Office of State Planning and
Coordination, Dover. p. 4-5.
23 Noss, Reed F. and Robert L. Peters.  December 1995.  Endangered Ecosystems: A
Status Report on America’s Vanishing Habitat and Wildlife.  Defenders of Wildlife:
Washington, DC.  p. 77
24 McCabe, W. Michael.  May 14, 1999.  Letter to Colonel Debra M. Lewis, LTC,
District Engineer, U.S. Army Corps of Engineers regarding Jackson Tax Ditch.
25 McCabe, W. Michael.  May 14, 1999.  Letter to Colonel Debra M. Lewis, LTC,
District Engineer, U.S. Army Corps of Engineers regarding Jackson Tax Ditch.
26 Zankel, Mark.  The Nature Conservancy.  Personal correspondence.  May 1999.
27 Primack, Richard B.  1993.  Essentials of Conservation Biology.  Sunderland, MA
Sinauer Associates, Inc. Publishers.
28 Bennett, Karen A. and Lynn Broaddus.  Division of Fish and Wildlife, DNREC.
Personal correspondence.  June 1, 1999.
29 Hess, G. K., R. L. West, M. V. Barnhill III, and L. M. Fleming.  1999. Birds of
Delaware.  Univ. of Pittsburgh Press: Pittsburgh, PA. p. 11.
30 Delaware Department of Agriculture.  1997.  Forest Health in Delaware.  DDA:
Dover, DE.  p. 19.
31 Short, E. Austin III. DDA Forest Service.  Personal communication.  January 13, 1999.
32 Reid, Walter V. and Kenton R. Miller.  1989.  Keeping Options Alive:  The Scientific
Basis for Conserving Biodiversity.  World Resources Institute: Washington, DC.
33 Wilcove, D. S. and F. B. Samson.  1987.  “Innovative wildlife management:  listening
to Leopold.”  Trans. N. Ameri. Wildl. and Nat. Resour. Conf.  52: pp. 327-332.
34 Carroll, C. Ronald and Gary K. Meffe.  1997.  Principles of Conservation Biology.
2nd Edition.  Sinauer Associates, Inc.: Sunderland, MA. p. 6-7.



35 Goldstein, Paul Z.  1999.  “Functional Ecosystems and Biodiversity Buzzwords.”
Conservation Biology 13(2): pp. 247-255.
36 Carroll, C. Ronald and Gary K. Meffe.  1997.  Principles of Conservation Biology.
2nd Edition.  Sinauer Associates, Inc.: Sunderland, MA. p. 357.
37 Ruggiero, Leonard F., Gregory D. Hayward, and John R. Squires. 1994.  “Viability
Analysis in Biological Evaluations: Concepts of Population Viability Analysis, Biological
Population, and Ecological Scale.”  Conservation Biology.  8(2): pp. 364-372.
38 Hess, G. K., R. L. West, M. V. Barnhill III, and L. M. Fleming.  1999.  Birds of
Delaware.  Univ. of Pittsburgh Press: Pittsburgh, PA.  p. 15.
39 Primack, Richard B.  1993.  Essentials of Conservation Biology.  Sinauer Associates,
Inc. Publishers: Sunderland, MA.
40 Ruggiero, Leonard F., Gregory D. Hayward, and John R. Squires.  1994.  “Viability
Analysis in Biological Evaluations:  Concepts of Population Viability Analysis, Biological
Population, and Ecological Scale.”  Conservation Biology.  8(2): pp. 364-372.
41 Ruggiero, Leonard F., Gregory D. Hayward, and John R. Squires.  1994.  “Viability
Analysis in Biological Evaluations:  Concepts of Population Viability Analysis, Biological
Population, and Ecological Scale.”  Conservation Biology.  8(2): pp. 364-372.
42 Lehtinen, Richard M., et. al. March 1999.  “Consequences of Habitat Loss and
Fragmentation for Wetlands Amphibian Assemblages.”  Wetlands.  19(1): pp. 1-12.
43 Noss, Reed F.  1983.  “A Regional Landscape Approach to Maintain Diversity.”
BioScience.  33(11): 700-706.
44 Carroll, C. Ronald and Gary K. Meffe.  1997.  Principles of Conservation Biology.
2nd Edition.  Sinauer Associates, Inc.: Sunderland, MA. p. 330, 332.
45 Semlitsch, R. D.  1998.  “Biological delineation of terrestrial buffer zones for pond-
breeding salamanders.”   Conservation Biology.  12(5): pp. 1113-1119.
46 Reid, Walter V. and Kenton R. Miller.  1989.  Keeping Options Alive:  The Scientific
Basis for Conserving Biodiversity.  World Resources Institute:  Washington, DC.
47 Pulliam, H. Ronald and John B. Dunning.  1997.  “Demographic Processes:
Population Dynamics on Heterogeneous Landscapes.”  Principles of Conservation
Biology.  2nd Edition.  Sinauer Associates, Inc.: Sunderland, MA. p. 213.
48 Carroll, C. Ronald and Gary K. Meffe.  1997.  Principles of Conservation Biology.
2nd Edition.  Sinauer Associates, Inc.: Sunderland, MA. p. 357.
49 Wilkinson, Jessica Bennett.  Spring 1999.  “The State Role in Biodiversity
Conservation.”  Issues in Science and Technology.  XV(3): pp.71-77.
50 Heisel, Edward J.  1998.  “Biodiversity and Federal Land Ownership: Mapping A
Strategy for the Future.”  Ecology Law Quarterly.  25: pp.242, 245.

12 protecting delaware’s  natural heritage



executive summary 13



The Environmental Law Institute

For three decades, the Environmental Law Institute has
played a pivotal role in shaping the fields of environmental
law, policy, and management, domestically and abroad.
Today, ELI is an internationally recognized, independent
research and education center.  Through its information 
services, training courses and seminars, research programs,
and policy recommendations, the institute activates a broad 
constituency of environmental professionals in government,
industry, the private bar, public interest groups, and acade-
mia.  Central to ELI’s mission is convening this diverse con-
stituency to work cooperatively in developing effective solu-
tions to pressing environmental problems.  The Institute is
governed by a board of directors who represent a balanced
mix of leaders within the environmental profession.  Support
for the Institute comes from individuals, foundations, gov-
ernment, corporations, law firms, and other sources.

Environmental Law Institute
1616 P Street, N.W., Suite 200 
Washington, D.C. 20036
Telephone: (202) 939-3800   
Facsimile: (202 939-3868
www.eli.org

ISBN#: 1-58576-003-X

Document1  11/24/99 1:00 PM  Page 1


