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Dear Reader,

New Jersey is a biologically diverse state with an extremely rich native flora of more than 2,100 plant species of flowers, trees, shrubs and grasses. Our State spans from the Ridge and
Valley physiographic province in the north and west to the Outer Coastal Plain along the south and east, encompassing a wealth of different forested, wetland, grassland and coastal habitats.
Geologic processes combined with hydrologic and topographic conditions have resulted in New Jersey's extraordinary botanical diversity. Many plant species also reach their northern and
southern range limits in New Jersey.

As stewards of our State's natural resources, it is important that we periodically assess the status of our biodiversity and that we share this information with the public. This report,
Endangered Plant Species Populations in New Jersey: Heath and Threats, provides the first comprehensive assessment of the status of New Jersey's endangered plant populations, the threats to
their survival and geographic analyses of their distribution. The report also provides a foundation for continued development of environmental indicators for the assessment of endangered plant
species population health and threats in New Jersey.

Biodiversity is the variability among living organisms and the ecological complexes of which they are part; this includes diversity within species, between species and of ecosystems.
Biodiversity provides the conditions and processes that sustain our survival. These complex interactions provide for our food supply; natural pest control; maintenance of water, air and soil
quality; waste decomposition and soil generation; nutrient cycling; pollination and crop production; climate regulation and stabilization; flood and erosion control; and medicines and
pharmaceuticals. Biodiversity also provides for aesthetic resources of immeasurable value, which, in turn, provide for recreational and tourism opportunities.

Despite being an essential component of New Jersey's biodiversity, 339 plant species, or about fifteen percent of our native flora, are endangered because their survival in the State or
the nation is in jeopardy. The extreme rarity of many of these species cannot be overemphasized. For example, the only known occurrence in the world of the delicate Hammond's yellow spring
beauty is in New Jersey. Three additional plant species are also endemic to the State. Over one-half of the world's populations of swamp pink occur in New Jersey with remaining populations
only found in seven other states along the East Coast.

It is vitally important to assess our endangered plant species populations so that we may better preserve them. Regulatory protection for endangered plant species is now provided in
our coastal area, the Pinelands and the Highlands, and federally-listed species are protected in our freshwater wetlands. Over the coming years we will focus our efforts on a biodiversity
inventory for the lands we manage. Together, these steps will help us provide a firmer foundation for the preservation of New Jersey's Natural Heritage.

Sincerely yours,

P!

Lisa P. Jackson
Commissioner
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Endangered Plant Species Populations

Executive Summary

The native flora of New Jersey is an important component of its
biological diversity, which is continually diminished as species,
populations, and habitats are lost from the state. Fifteen percent of
New Jersey’s native flora, which comprises more than 2100 species,
is currently classified as endangered. In New Jersey, an
endangered plant species is one whose survival within the State or
the nation is in jeopardy. An endangered species requires
immediate attention or extirpation within New Jersey is possible.
This study attempts to uncover spatial patterns and data trends

regarding the status and distribution of these species.

Populations of 331 vascular endangered plant species and 32
extirpated plant species in New Jersey were examined using the
Natural Heritage Database (New Jersey Department of
Environmental Protection). Endangered plants are monitored as
populations of individuals that inhabit a given area. Thus, an
endangered plant may have one or many populations. When only
one or a few populations exist, loss of the entire species from the
state is of heightened concern. For the purpose of this report, an
extirpated species is a species that formerly occurred in New Jersey,
but is not known to exist within the state today; an extirpated
population is one that was historically documented in a specific area,
but cannot be found today. Plant population occurrence data was
verified and updated, and spatial analyses were conducted using

GIS. Data describing threats to extant (i.e., currently existing) plant

populations and causes of plant population extirpation were
examined, and landscape trends were determined by grouping
populations according to species, physiographic region, and habitat

type, as well as county, state, and watershed boundaries.

Methods

The Natural Heritage Database was originally designed to identify
best examples of rare species to help target acquisition and
preservation. For this project, the focus was redirected to target flora

of New Jersey that were demonstrably vulnerable.

The Biological Conservation Databases of the Natural Heritage
Network (BCD) was used in 1998 to uncover and explore patterns in
the extirpations of and threats to endangered populations. The
database was designed to encompass database management needs
of identifying, protecting and managing biological diversity. The most
frequently used BCD databases were: Element Occurrence (EOR),
Element Ranking-state (ESR) and Plant Characterization Abstract
(PCA).

Details regarding causative factors were culled from the database

and used to label populations to create trend data. A GIS was used

to determine landscape patterns of the trend data.
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Results part to the increased survey efforts and resources devoted to
The summary and analysis of the information contained in the these species in recent years.

Natural Heritage Database showed the following with regard to the

status of endangered plant populations and species in New Jersey: e 74% of the extant species had no verified populations on

state-protected lands, 16% had at least one population

e 35% of the populations have been assessed to be extant entirely on state lands, and 10% had verified populations
since 1980, 11% were extirpated, and 54% of the partially located on state lands. Presence on state land
populations were undetermined. Ten percent of the total facilitates implementation of DEP monitoring and protection
occurrences have been verified since 1990 and 2000. programs.

¢ Development and urbanization account for the greatest The summary and analysis of the information contained in the
number of extirpations. These activities, along with the Natural Heritage Database showed the following with regard to the
construction and maintenance of transportation corridors, distribution of endangered plant species in New Jersey:

also present the greatest threats to extant populations of
endangered species. e An analysis of distribution by habitat classes (estuarine,

terrestrial, riverine, lacustrine, and palustrine) found that the

¢ More than half (188) of the 331 endangered plant species majority of endangered plant species occurred in palustrine
had only one to three confirmed extant occurrences (freshwater wetland) and terrestrial habitats, with 71% and
(populations) in the state, and an additional 25% (84 37%, respectively (18% of the species were found in more
species) had no known extant occurrences at all as of 2000. than one kind of habitat). These habitats also contained

occurrences of the majority of extirpated populations. (The

e 30% of the population occurrences in the Natural Heritage high number of palustrine occurrences may be partially
Database were comprised of the five species that have the attributed to the fact that the five species that have the most
greatest number of populations in the state (Helonias bullata, abundant populations, which comprised 30% of the
Eupatorium resinosum, Rhynchospora knieskernii, Juncus occurrences, were palustrine species.)

caesariensis, and Narthecium americanum), due largely in
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e The Outer Coastal Plain physiographic province contained
59% of the extant endangered populations included in the
study, followed by the Ridge and Valley (16%), Piedmont
(12%), Inner Coastal Plain (12%), and Highlands (11%).

e More than half of the plant population extirpations occurred
in the Piedmont and Inner Coastal Plain (27% and 25%,
respectively), with the remainder divided relatively equally
among the other three provinces. This follows patterns of
urbanization, which were much higher in the Piedmont and
Inner Coastal Plain.

Conclusions and Recommendations

Currently, only 26% of the endangered species in New Jersey have
populations either wholly or partially located on state-protected
lands. Given the threat of habitat destruction and degradation to
current and historic populations of these species, the protection of
habitats where these populations occur, as well as the larger

ecological systems that they depend upon, must be a priority.

This project provides the foundation for future work involving the
development of environmental indicators for the assessment of
endangered plant species population health and threats in New
Jersey. The effectiveness of most, if not all, of the indicators
developed, however, is dependent upon a complete and current
inventory of endangered plant species in the state. To date, no

comprehensive survey has been done of the entire state.

Expanded and more frequent survey efforts are needed, as well as
more intensive population monitoring and biological studies for a
number of individual species, because little is known about their
biology and natural history. Such basic information (i.e., identifying
those factors that are relevant to their survival) is critical for the
subsequent management of endangered species populations
following the initial protection of the sites where they occur. The
environment is in a constant state of change and, even in the
absence of the more overt human threats, such as habitat
destruction by development activities, subtle changes may be taking
place that are detrimental to these species (e.g., invasive
nonindigenous species, hydrological changes, etc.). Thus, long-

term surveys, monitoring and management are essential.

The expanded survey, monitoring, and management efforts needed
for the effective conservation of these species populations
throughout the state may be more expeditiously achieved by
enlisting the help of local volunteer groups (e.g., local students,
botanical clubs and other citizens). In addition to significantly
reducing the time and money that would otherwise be needed to
accomplish these tasks, this could also help raise public awareness
as to the existence of these species and habitats in local
communities, as well as to foster a sense of stewardship regarding

their continued well-being.
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Environmental Education

Given the sensitivity of many of these endangered plant species in
New Jersey and the large number of human activities that can and
do affect them, greater public awareness needs to be raised as to
the existence and significance of these species and habitats in order
to prevent further species extirpations. Such issues of environmental
education and value (i.e., the extent to which our human-ecological
actions and behaviors, both individual and institutional, come to be
informed by a knowledge and concern for biodiversity and other local
environmental issues), will undoubtedly determine the ultimate

success of conservation efforts in the future.

Potential means to achieving these broader and more long-term
goals might include curricular reforms in the public educational
systems, increased media coverage, and greater consideration in

planning, regulation, and policy-making activities.
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Introduction

New Jersey’s Plant Diversity

New Jersey has a surprisingly high concentration of native plant and
animal species relative to other states. Its native flora, comprised of
more than 2,100 species, has representatives of more than 50% of the
plant species found in the northeast from Pennsylvania to Maine
(Fernald 1950 cf. Countryman 1977), despite the fact that it contains a
mere 5% of the total land area of the region. Similarly, according to the
2000 U.S. Census, although it amounts to less than 0.26% of the total
land area in the United States, and is the fourth smallest state in the
nation, approximately 13% of the plant species in the U.S. can be found
in New Jersey (Master et al. 2000).

In large part, this high diversity is due to the variety of habitats and
landscapes that exist in New Jersey, from the mountainous Ridge and
Valley in the north, to the Outer Coastal Plain in the south. Five such
physiographic provinces can be found within the state, all within an
hour’s drive of each other, and the unique combination of geological,
topographical, and hydrological features that each of these represents
has given rise to a wide range of environmental conditions within them,
and a tremendous diversity in the state overall (Collins and Anderson
1994).

These unique habitats, in turn, have provided the necessary conditions

for a remarkable array of native species, communities and ecosystems.

Species such as cloud sedge (Carex haydenii) and hop-like sedge
(Carex lupuliformis), for example, occur in calcareous habitats like the
rare sinkhole ponds and marl fens of the Kittatinny Valley in the northern
portions of the state (Walz et al. 2001) whereas others, like the bog
asphodel (Narthecium americanum), are restricted to the riverside
savannas found only in the Pine Barrens. This ecosystem itself, is of
great global significance, containing not only rare species such as New
Jersey rush (Juncus caesariensis), blazing star (Liatris graminifolia var.
lasia), sand myrtle (Leiophyllum buxifolium var. buxifolium), and
Knieskern's beaked-rush (Rhynchospora knieskiernii (Fairbrothers
1979), but entire communities of rare organisms that can be found

nowhere else in the world.

The habitats and conditions that foster this diversity are themselves the
cumulative result of natural processes that have been taking place for
millions of years, and for this reason the current distribution of many
species is closely tied to the geological history of the region. The ranges
of species such as curly-grass fern (Schizaea pusilla) and broom
crowberry (Corema conradii), for example, were formerly more
widespread and abundant but now only exist in a few isolated
populations from Delaware to Newfoundland, all in areas that were not
covered in glaciers during the last ice age. Other species, such as
Labrador tea (Ledum groenlandicum), occur in northern bogs that were
actually formed by the scouring action and subsequent retreat of the
glaciers. Because the northern portions of the state were covered in
glaciers during the last ice age, New Jersey supports populations of

many species influenced by glaciation.
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The ranges of many northern and southern species also converge in
New Jersey, oftentimes reaching their geographic limit in the state.
Species such as the snowy orchid (Platanthera nivea) and seabeach
evening primrose (Oenothera humifusa), are more typical of the
southern flora, but reach as far north as Cape May and Ocean Counties.
Similarly, the ranges of northern species such as yellow-eyed grass
(Xyris montana) have been found to extend as far south as the northern
reaches of the state (Snyder 1989). Although these species are often
less abundant in New Jersey than in the more central portions of their
respective ranges, many have unique morphological or genetic
characteristics, such as the single remaining population of American
chaffseed (Schwalbea americana) in the northern part of its range (Godt
and Hamrick 1995), due to their long-standing exposure to the unique

set of environmental conditions present here.

Conservation Status and Concerns

Roughly 15% of the native plant species in New Jersey, however, are
now at risk of extinction in the state, with a total of 331 vascular plant
species listed as endangered and an additional 32 that have already
been extirpated (NJDEP 1998). Of all the eastern states, only Florida
has a greater percentage of its plant species at risk compared to New
Jersey (Master et al. 2000). In general, vascular plant species comprise
the vast majority of endangered species in the United States, amounting
to more than 75% of the total species that have been assessed to date
(Master et al. 2000). One of the challenging characteristics of this study
is the constancy of change; population surveys continue, pressures that

result in population changes continue, and policies and programs for
protection and restoration develop. Thus, the specific numbers in this
study must be considered as indicators of trends rather than precise

measurements.

Habitat loss or destruction is widely acknowledged as the leading cause
of species extinction and endangerment both in the nation (Wilcove et
al. 2000) and worldwide. Other major causes include the introduction of
invasive nonindigenous species, overexploitation, pollution, and
disease. Following these national and global trends, habitat destruction
has been responsible for the majority of extirpations and threats to
endangered plant populations in New Jersey as well, but to an even
greater degree than is typically found elsewhere (Wilcove et al. 2000).
This may be due to the longer history and greater intensity of
development and other associated activities in New Jersey than in other
states, along with the much higher densities of human population it

supports.

With more than 8,410,000 people based on the 2000 U.S. Census
Bureau, New Jersey has the ninth largest population of any state in the
country, and one of the highest concentrations of people in the world.
Set in the greater metropolitan area of both New York City and
Philadelphia, this burgeoning human population has placed severe and
chronic pressure on the ecological communities of the state throughout
its history. The current expansion and escalation of many economic and
other activities continue to degrade or destroy these habitats throughout
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the state, thus threatening the survival of these species, populations and

communities at a pace and scale that rivals any time in history.

Our natural heritage is diminished when elements of this biological
diversity are lost from the state, whether it be in the form of entire
species, the individual populations of which they are comprised, or the
habitats, communities and ecosystems of which they are a part (Wilson
1997). This diversity provides us with a wealth of economic, aesthetic,
cultural, and other goods, and represents a tangible connection to our
evolutionary past, and to the greater community of life that we are not

only a part of, but are utterly dependent upon.

This legacy, which is the cumulative and ongoing result of millions of
years of geological and biological history, provides a meaningful and
essential context for our lives, and deserves to be protected for future

generations, for ourselves, and for its own sake.

Environmental Indicators

In order to protect the state’s biodiversity, the New Jersey Department of
Environmental Protection’s National Environmental Performance
Partnership Agreement with the U.S. Environmental Protection Agency
has initiated the development of environmental indicators to measure
the health of our flora, in terms of its condition and threats, as well as the
success of efforts taken to protect it (Whitman et al. 1997). These
indicators fall within three types, including:

e Condition indicators that measure the health of a given

environmental resource;

e Stress indicators that measure the threats to the resource;

and

e Response indicators that track actions to improve conditions

and mitigate stresses.

With the establishment of these indicators, efforts aimed at the
maintenance or protection of these resources can be better evaluated
over time. This study attempts to review the existing information
available on endangered plant species in New Jersey in order to provide
a foundation for the development of these environmental indicators in

the future.
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Objectives
In order to monitor the health of endangered plant species in New
Jersey, it is first necessary to determine the current status and
distribution of these species in the state. The determination of extant
from extirpated populations, for example, is essential to conservation
biology research (Reveal 1981), as is the identification of threats to
existing populations, and the reasons for extirpation of those that have
been lost. Furthermore, a basic understanding of the diversity and
distribution of these patterns across the landscape must be attained
(Stein et al. 2000), as not only the species themselves, but also the
land-use activities that threaten them, often follow broad patterns
associated with particular physiographic provinces, habitats, geological
features, or watersheds, as well as political boundaries such as

counties, parks, and municipalities.

With the summary of geographic and other data provided in this report, it
is hoped that attention and concern for populations of these endangered
plant species may be raised in a manner sufficient to ensure their
continued survival in the state. Detailed information will be provided as
to the status and location of endangered plant species populations with
respect to both counties and watersheds (Appendices A and B), in order
to facilitate the incorporation of this information into the planning and

regulatory activities of various state and local agencies.

Regulatory agencies, for example, can review the locations of
endangered plant species populations to identify areas where more

careful scrutiny of permit applications is needed. Planners can be

alerted to the need to gather data on endangered plant species as part
of local natural resource inventories, and land managers can develop
management activities that are compatible with the needs of these

species, and mitigate or eliminate the individual threats that they face.

Detailed information at the watershed level is also provided, as it
suggests an alternate vantage from which relationships between land
use activities and the health of our environment may be more easily and
directly observed (e.g., with regard to issues of water quality, aesthetic,
recreational and other values). The streams, lakes wetlands, and other
water resources of the state frequently cross political boundaries (as do
the activities that threaten them, such as non-point source pollution).
Watershed protection and planning therefore typically involves the
convergence of multiple levels of government, and is increasingly being
carried out by coalitions of governmental and non-governmental
organizations as well. Information on endangered plant species provides
additional considerations as to the value of particular areas, and can
help identify aquatic systems and watersheds that are threatened or in

need of further protection.

The protection of habitats for endangered plants in the state may require
the adoption of comprehensive land-use planning and policy measures
as well as the protection of individual tracts supporting rare plant
populations. Several plans currently exist in which priority areas are
identified and recommended for conservation; these will be evaluated to
determine their adequacy in including habitats for endangered plant

species as well.
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Finally, while the protection of habitats is necessary for the survival of
these species, it is not necessarily sufficient to achieve this purpose in
all cases. Significant natural and man-made changes may occur even
after the locations have been protected, as has been witnessed in a
number of National Parks (Bratton and White 1981). Site-specific
monitoring information, along with an understanding of the biology of
each species, is therefore of great importance for the subsequent

management and maintenance of many of these populations. The

availability and adequacy of such information will be assessed as well.
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Status of Endangered Plant Species

Endangered Plant Species Inventory

In New Jersey, endangered plant species are native New Jersey plant
species or subspecies whose survival in the state or nation is in
jeopardy, including but not limited to plant species listed or proposed as
endangered or threatened by the Federal government under the
Endangered Species Act of 1973, any additional species known or
believed to be rare throughout its worldwide range, and any species
having five or fewer extant populations within the state. Those species
that are no longer found in a certain geographic area, but which are not
globally extinct, are referred to as extirpated. The primary source of
information regarding such species in New Jersey is the Natural
Heritage Database (Stein et al. 2000), which contains updated
information on the taxonomy, rarity, threats, protection, location, and
population data for all endangered species, species of concern, and
extirpated plant species in New Jersey. Compiling such diverse sources
of information as herbarium collections, records from scientific studies
and field surveys, and reports from the public, this database has been
officially recognized as the best source for information on the status of
Endangered Plant Species and Plant Species of Concern in the state
(N.J.A.C. - 7:5C-1.1 et seq.).

In order to determine the status of endangered plant species in New
Jersey, each individual population occurrence found in the database

was categorized as Extant (currently existing), Extirpated (locally

extinct), or Undetermined *. Occurrences were considered Extant if
they had been observed in the field by staff, contractors, or volunteers of
the Natural Heritage Program. Occurrences were considered
Extirpated if field examination concluded that the species was no longer
present at the previously documented location, or if review of
topographic maps and aerial photography concluded that the habitat
was no longer present. Occurrences that had not been surveyed since
1980 were considered Undetermined. For the purposes of this study,
undetermined occurrences were excluded from the majority of analyses.
In order to assess whether or not the data were up-to-date, those
occurrences documented to be extant were further examined to

determine how many had been field checked between 1995 and 2000.

! Editors Note: The data in this report are based on information contained in the
Natural Heritage Database that was largely collected prior to 1998. Additional
data have been collected since that time and the Natural Heritage Database has
been updated accordingly. As a result, the number of endangered plant
populations determined to be extant or extirpated have changed, new threats
have been identified, some species have been extirpated, and a few species once
considered extirpated in New Jersey have been rediscovered. Therefore, certain
statistics cited in this report may no longer reflect the most current data sets.
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Figure 1. Extant, extirpated, and undetermined endangered plant

species populations in the Natural Heritage Database.

A total of 339 endangered plant species were reported in the Natural
Heritage Database (331 vascular plants, 8 nonvascular plants). Among
the 331 vascular plant species that are the focus of this study, 778
populations were verified as extant (35%), 10% of which have been
verified since 1995. A total of 295 (11%) populations were reported to
have been extirpated, among 132 species. Fifty-four percent were
Undetermined (Figure 1).

The five most frequently observed species accounted for approximately
30% of total occurrences in the database. Helonias bullata had more
than 100 documented occurrences, and Eupatorium resinosum,
Rhynchospora knieskernii, Juncus caesariensis, and Narthecium

americanum, each had more than 50 occurrences.

The majority of species that have been verified as extant since 1980
(188), however, have only three or fewer populations (Figure 2). This is
extremely significant in that the risk of extinction tends to increase with
smaller population size and number of populations. This risk is even
greater given that the majority of these extant species (74%) had no
populations on state lands (Figure 3). Only 16% (55 species) had at
least one verified extant population entirely on state land, where
populations might be protected and secured, and 10% (33 species) had

verified extant populations partially, but not entirely, on state land.
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Figure 2. Frequency distribution of number of endangered plant
species versus humber of populations, based on 188 extant species
verified after 1980.

At least one
verified extant
population
entirely on
state land
16%

Verified extant

populations
partially, but
not entirely, on
state land
10%
No verified
extant
populations on
state lands
74%

Figure 3. Endangered plant species on state-protected lands.
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Life Forms

Of the total vascular flora of New Jersey, 56% of species are forbs, 24%
are graminoids, 15% are shrubs, and 5% are trees (Figure 4). Of the

331 endangered vascular plant species reported in the Natural Heritage

Database, 63% are forbs (broad leaved herbaceous), 28% are

graminoids, 6% are shrubs, and 3% are trees (Figure 5).

Trees
5%

Graminoids Shrubs

24%

Forbs
56%

Figure 4. Proportion of functional forms in the total New Jersey
vascular flora.

Thus, there is a greater percentage of forbs and graminoids and a lower
percentage of trees and shrubs in the endangered flora of New Jersey
than in the total flora of New Jersey. The data also indicate that there
were relatively more extirpations of forb populations than of other life

forms (as shown by extirpation bar in Figure 6).

Trees ghrubs
Graminoids
28%
Forbs
63%

Figure 5. Proportion of functional forms in endangered New Jersey
flora.
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The higher percentage of endangered species in the graminoids and
forbs may be related to the higher diversity of these groups in general,

and the greater number of species with more specialized growth forms,

habitat preferences and reproductive strategies, which tend to be

associated with high patterns of diversity within such groups.
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Figure 6. Proportion of extirpated, endangered, and
plant species of concern by functional group.
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Causes of Population Extirpations

The database occurrence records were also examined to determine the
potential causes of population extirpations as well as to identify potential
threats to extant populations. In most cases, this information was
attained through direct observation by Natural Heritage Program staff,
contractors, and volunteers, but additional sources such as topographic
maps and aerial photography were also consulted in certain cases to
draw these conclusions. This information was found to vary considerably
in both quantity and kind in the database and was reduced by grouping
causal factors according to more general keywords, thus simplifying the

data and standardizing it for statistical comparisons.

There were 37 causes of extirpation identified for 295 extirpated
populations (84%), which included 132 species. The causes of
extirpation were unknown and/or not provided for the remaining 16% of
these populations. The identified causes fell under 19 categories
(Figure 7, Table 1), the most common of which were development,
urbanization, succession, transportation, dams, bulkheads/fill, mines,

and agriculture, respectively.

Development and Urbanization

Clearly, development has been the most significant cause of plant
population extirpations in New Jersey. With 171 extirpations, it far
exceeded any of the other causes listed in New Jersey. Combined with
the related extirpation cause of urbanization, it becomes clear that the

elimination and modification of habitat from these causes surpassed all

others. Furthermore, depending upon how broadly it is defined, many of
the other causes of extirpation listed below may also fall within this

category as well.
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Figure 7. Common causes of extirpated plant populations in New
Jersey.

These other activities were often cited along with development as the

cause of individual extirpations (Table 1) and may merely represent the
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particular kinds of development activities that were found to be
responsible in these cases. Others causes (e.g., erosion, flooding,

invasive species, over collection, recreation), moreover, while not

Table 1. Causes of plant population extirpations and co-occurrence with
development.

: : - Extirpated Co-occurrence
seeming to be directly related to development in any way, are known to Causes of Extirpation Populations | with Development
result from such activities indirectly. Additional extirpations may Agriculture 11 1
therefore be traceable back to development as well, if more information Bulkhead/ill 14 14
was available. Canal construction 5 5

Dam 17 0
Most of the cases where development was explicitly cited as the cause Development 171 —
of extirpation were located in the vicinity of New York City, Philadelphia, Dredging 2 0
and along the coast (Figure 8), where development pressures have Dumping 1 1
. Erosion 3 1
historically been the greatest.
Flood 5 0
Industry 8 8
A particularly striking case is that of a Labrador tea (Ledum Invasive plants 6 4
groenlandicum) occurrence, which was discovered by Kenneth K. Land clearing 8 4
MacKenzie in 1918. The spring-fed spruce-larch bog where it occurred Mines 12 0
in Morris County was an uncommon habitat in New Jersey, and it was Overcollection 6 1
the only place that Labrador tea had ever been documented in the state. Pollution 7 2
. . . . R i 4
MacKenzie wrote that, “Palmer’s bog, as | am calling this interesting ecreatlc_)n 0
locality, will in all probabilit i tl disturbed.” succession 20 2
ocality, will in all probability remain permanently undisturbed. .

y .p y P _ _ y Transportation 18 6

Unfortunately, this place did not remain undisturbed. Palmer’s bog was Urbanization 82 82

destroyed by the construction of the Rockaway Mall, and the population
of Labrador tea was lost along with it (Snyder 1989). Although this

population may have been extirpated, the species has been found again

Transportation

within the state (Snyder, pers. comm. 2004).
The construction and maintenance of roads, right-of-ways, railroads and

bridges, was responsible for a number of population extirpations. Four
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populations were speculated to be lost to the construction of the Garden
State Parkway alone. Another is believed to have been lost due to the
construction of the New Jersey Turnpike, one was destroyed by the
construction of Route 78, and yet another by the construction and
maintenance of Route 80. Several populations of American chaffseed
(Schwalbea americana), a federally endangered plant species, were
destroyed by the widening of smaller-scale highways in the state as well
(Peters 1995).

Succession

There were 12 plant species populations that were lost to succession of
habitat, most of which occurred in the southern part of the state (Figure
8). These species, such as bog asphodel (Narthecium americanum) and
American chaffseed (Schwalbea americana), occur only in open habitats
and depend upon floods, fires or other events to suppress the growth of
trees and shrubs that will otherwise come to dominate the sites.
Changes in the fire regime, flooding patterns, or depth of the water table
throughout the state, and especially in places like the Pine Barrens,
have changed the conditions necessary to prevent the growth of woody

species, resulting in the loss of populations of successional species.

Dams

Dams frequently raise water levels in streams, ponds and lakes on
which they are built, thus flooding surrounding areas. This may destroy

plant habitat. A dam at White Lake in Sussex County, for example, is

associated with the extirpation of populations of three endangered plant
species: wiry panic grass (Panicum flexile), capillary beaked rush
(Rhynchospora capillacea), and rush aster (Aster borealis), which

cannot survive under prolonged hydric conditions.

Mining

Mining activities were associated with 12 plant species extirpations.
Five populations were lost to the Hyper Humus peat mine located north
of Newton. Another three populations of endangered plants were lost to

the Snake Hill Traprock Quarry in the Meadowlands.

Agriculture

Very few botanical records predate the late 1800s. Therefore, any
losses of species to agricultural use of the land prior to the late 1800s
have gone unrecorded. Still, there is documentation of 12 populations
of several species that are believed to have been lost to farming since
the late Nineteenth Century. Most of these populations were last seen
prior to 1925. For example, bog asphodel and fringed yellow-eyed grass
(Xyris fimbriata) were once documented at Jones Mill in Burlington
County in 1903. Their habitat may have since been destroyed by the
expansion of cranberry bogs. The majority of the agriculture-related

extirpations occurred in the southern part of the state (Figure 8).
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Land Clearing

Eight plant species populations were lost in areas where land clearing
activities occurred, most of which were related to logging. All of the plant
species that were extirpated by these activities were last documented
prior to 1900.

Pollution

Pollution, or the degradation of habitats by pollutants such as oil,
fertilizers, industrial discharge, siltation or mining waste, was the
presumed cause of seven extirpations. Several populations of swamp
pink (Helonias bullata), for example, have been destroyed by siltation of
wetland habitat. Also, one population of the state endangered lake
cress (Armoracia lacustris) is believed to have been destroyed by

herbicide use.

Overcollection

There were six records in which overcollection of plant specimens was
listed as the cause of species extirpation. One sensitive species of
orchid (a species that is particularly susceptible to damage by over-
collecting, trampling, or vandalism) was collected from an area in
Warren County in the early 1970s and has not been found since.

Invasive plants

Seven populations of endangered plant species have been lost at least

partially because of competition from invasive plant species. Five of

these population extirpations were due to the invasive common reed

(Phragmites australis).

Flooding

Additional species populations have been destroyed by raised water
levels that were not caused by dam building. More research may find
that some of these water level rises were due to beavers or to an

increased severity of flooding due to the development of upland areas.

Recreation

Intensive management, use, or development of recreation areas such as
beaches, boat launches, parks, campgrounds, and parking areas often
threaten to destroy endangered plant populations. Of the four plant
populations believed to have been lost to recreational activities in New
Jersey, one population was lost to a canoe launch and parking lot, two
were lost to the creation of ball fields, and the fourth was destroyed by

off-road traffic.

Erosion

There were three documented cases of endangered plant species being
lost through beach erosion, the most striking of which perhaps was the

population of seabeach amaranth (Amaranthus pumilus) formerly found
on Tucker's Island, which itself no longer exists due to severe shoreline

erosion occurring there in the early Twentieth Century.
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Dredging

The intermittent pond habitat for knotted spikerush (Eleocharis

equisetoides) was destroyed when the pond was deepened by dredging.

These activities can affect species not only by disturbing the habitats
where the dredging occurs but also where the materials are deposited

after dredging takes place.
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Threats to Extant Populations

A total of 45 threats were identified for 420 extant endangered plant
species populations. These were grouped according to the 21
categories shown in Table 2. Of the documented threats, the most
common were: roadway construction/maintenance, habitat disturbance,
development, succession, pollution, and recreation (Table 2, Figure 9).
This information was lacking for the remaining 358 extant plant

populations in this study, although many of these cited multiple threats.

The construction and maintenance of roadways was the most frequently
documented threat to endangered plant populations across the state
(118 of 420 or 28%) (Table 2). Together with railroads, highways, right-
of-ways and bridges, these transportation corridors can, in fact, provide
habitat for native species that require open areas (see section on
“succession” above). Over 118 populations of 60 different threatened
and endangered species were found to occur along roadways in New
Jersey (Caiazza and Fairbrothers 1980). The construction, widening
and/or maintenance of these corridors can severely threaten

endangered plant species populations occurring there.

Habitat disturbance, or any other degradation of habitat, was
documented as a threat for 21% of the subset of endangered
populations. Development and habitat disturbance were often both

documented as threats for a single population.

Number of
Threats Threatened
Populations

Agriculture 20
Beaver 8
Competition 7
Dams 10
Development 73
Dredging 6
Habitat disturbance 90
Herbivory 21
Infestation 15
Invasive plants 11
Land clearing 27
Mining 39
Natural event 6
Overcollection 13
Pollution 66
Railroad 60
Recreation 66
Right of way 34
Roadway 118
Succession 80
Water 63
Unknown 358

Table 2. Threats to extant populations of endangered plant
species in New Jersey.
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Succession (80 of 420 or 19%) was the third most frequently
documented threat to endangered plant species populations in New

Jersey.

Recreational activities such as off-road vehicular (ORV) traffic, as well
as the management of land for these purposes (e.g., beach raking; Kelly
2003), were threats to a large percentage of endangered plant species

occurrences, as were pollution and water-related activities.

Figure 9. Number of threatened extant plant populations by
threat.
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Figure 8. Distribution of endangered plant population extirpations by cause across the State of New Jersey.
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Temporal Trends

The database records were reviewed to try to determine temporal
patterns in extirpations and the status of extant populations. Trends
in extirpations of populations can provide data on where protection
and stewardship efforts have been inadequate, and evidence of
population increase or decline, and the causes thereof, can provide

opportunities to prevent future losses.

However, the lack of necessary information made it impossible to

discern such patterns with either the extirpated or extant populations.

It was not possible, for example, to determine the exact date of the
extirpation of most populations, and for many, more than 50 years
had passed between the last recorded observation of the population
and the point in time when the Natural Heritage Program determined

it was extirpated.

With regard to extant populations, there was some notation of

population decline, increase, or stability in 320 occurrence records in

the database. The quality of these data was quite variable, however.

In general, the lack of standardized baseline data made it difficult to
identify clear trends in population sizes across species. Therefore,
no further analysis was done on temporal population trends. Future
monitoring efforts should include data that will be useful in this type

of analysis.
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Distribution of Endangered Plant Species

Habitats

Habitat type for each species occurrence was identified according to
five broad classes, including:

e palustrine (freshwater wetlands)

e terrestrial (uplands)

e estuarine (tidally influenced)

e lacustrine (lakes and ponds)

e riverine (rivers and streams)
It was not possible to use more specific habitat typologies, such as
the plant community classifications found in Breden et al. (2001), as
the occurrence records did not always contain sufficiently detailed
habitat information, and for many of the extirpated populations the

habitats themselves no longer exist.

Table 4. Number of extant, extirpated, and undetermined
populations by habitat type 2.

Extant | Extirpated |Undetermined | Totals
Palustrine 612 189 879 1680
Terrestrial 220 123 530 873
Estuarine 15 26 58 99
Lacustrine 23 7 54 84
Riverine 11 6 18 35

Of 778 total verified extant populations and 295 extirpated

populations, 801 were classified as palustrine and 343 were

classified as terrestrial, whereas there were only 41 estuarine, 30
lacustrine, and 17 riverine populations (Table 4, Figure 10, Figure
11). A similar pattern was found among the undetermined
populations, with a much higher number of palustrine and terrestrial
populations (879 and 530, respectively) compared to the 58

estuarine, 54 lacustrine, and 18 riverine populations.

Palustrine

Of the palustrine populations that had been verified by the Natural
Heritage Program, 76% were extant (Figure 13), and 54% of these
were considered threatened. The largest threat was succession, with
recreation, mining, development, and pollution also being common.
Twenty-four of the populations that had been extirpated were
associated with development, agriculture, mining, succession and

roadways. The causes for several of these, however, were unknown.

Several factors may account for the numerous populations and the
relatively low percentage of extirpations in this habitat compared to
others. Unique plant species are often associated with freshwater
wetlands in general, and these species comprise a large portion of
the critically imperiled flora in New Jersey. The five most frequently
observed species in the database (Helonias bullata, Eupatorium
resinosum, Rhynchospora knieskernii, Juncus caesariensis, and
Narthecium americanum) each belong to this particular habitat
category and are likely to account for a significant portion of the data.

A large number of these occurrences, moreover, are found on state-

? Editors Note: Some species can occur in more than one habitat type.
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protected lands, where extirpations are much less likely to occur if
management programs are in place to protect the plants. New
Jersey legislation, in addition, affords some protection to palustrine
habitats in general, and the combined protection and increased
amount of surveys generated by this legislation may have led to an
increase in the number of palustrine populations known and a

simultaneous decrease in the number of extirpations.

Terrestrial

In contrast to palustrine populations, over one-third (36%) of
terrestrial populations have been extirpated (Figure 13), and 56% of
these were related to development. Other causes included dams,
mining, roadways, succession, and agriculture. Of the extant

populations, 56% were considered threatened.

Estuarine

Of estuarine populations, a very large percentage (63%) were
extirpated (Figure 12), due in large part to the widespread
destruction of this habitat by development. Of the extant
populations, 73% were considered threatened. In addition to
development, pollution, recreation, succession, and invasive species
such as Phragmites also threaten these populations throughout the

State.

Lacustrine
Less than one quarter (23%) of lacustrine populations were

extirpated (Figure 12), due primarily to dams and development.

Extant populations (44%) were threatened by invasive plants, water

quality, pollution, and recreation.

Riverine

Approximately 35% of riverine populations in New Jersey have been
extirpated, mainly due to development (Figure 12). Of the extant
riverine populations, 45% were considered threatened by changes in

water quality and development.
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Figure 10. Number of extant, extirpated, and undetermined
populations by habitat type.
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Figure 11. Extant and extirpated plant populations by habitat type and open space/conservation lands. Open space includes federal and state
public open space and recreation areas. Pinelands refers to the New Jersey Pinelands National Reserve as delineated in 1986.

Page 27



Endangered Plant Species Populations

Lacustrine

Legend
Endangered Plant Populations

extirpated populations
s extant populations

Estuarine

HABITAT CLASSIFICATIONS

Riverine

N

+

10 0 10 20 30 40 50 Miles

N\ NI Department of Environmental Protection
Division of Parks and Forestry

# Natural Lands Management

Figure 12.

THE STATE UNIVERSITY OF NEW JERSEY

RUTGERS

Source: Breden, Hartman, Anzelone and
Kelly. 2006. Endangered Plant Species
Populations in NJ: Health and Threats.

Locations of extant and extirpated plant populations classified as lacustrine, estuarine, and riverine within the State of New Jersey.
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b ]
Palustrine Estuarine Terrestrial
Legend
. N
Endangered Plant Populations 10 0 10 20 30 40 50 Miles
extirpated populations
® extant populations
M\ NJ Department of Environmental Protection THE STATE UNIVERSITY OF NEW JERSEY Source: Breden' Hartman, Anzelone and

Division of Parks and Forestry Kelly. 2006. Endangered Plant Species
Natural Lands Managcment Populations in NJ: Health and Threats.

Figure 13. Locations of extant and extirpated plant populations classified as palustrine, estuarine, and terrestrial within the State of New Jersey.
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Physiographic Provinces

Many species distributions in the state follow broad patterns that
concentrate in particular physiographic provinces, as do certain land
use patterns, such as agricultural and urban development. The
provinces themselves are based on similarities in geological and
topographical characteristics of a given region. There are five such
regions found in New Jersey including:

e Outer Coastal Plain

e Inner Coastal Plain

e Piedmont

e Highlands

¢ Ridge and Valley

Locations of Extant and Extirpated Populations within
Physiographic Provinces

In New Jersey'’s five physiographic regions, there were 778 extant
populations, 295 extirpated populations, and 1298 undetermined
populations (Table 5). Of the extant populations, the majority
occurred in the Outer Coastal Plain (54%), followed by the Ridge and
Valley section (24%) and the Highlands (12%). The Piedmont and
Inner Coastal Plain Provinces had only 6% and 4% of the total extant
occurrences, respectively (Table 5, Figure 14, Figure 15). The
reader should remember that these proportions may be skewed by
the relatively large number of occurrences of a few species that have
been the subject of intense study (including Helonias bullata,

Eupatorium resinosum, Rhynchospora knieskernii, Juncus

caesariensis, and Narthecium americanum).

The Inner Coastal Plain (25%) and Piedmont (27%) also had higher
proportions of regional populations that were extirpated. Less than
10% of the populations were extirpated in each of the remaining

regions.

Table 5. Number of extant, extirpated, and undetermined
populations by physiographic province.

Extant |Extirpated|Undetermined | Totals
Outer Coastal Plain 417, 104 635 1156
Inner Coastal Plain 34 73 185 292
Piedmont 47 76 160 283
Highlands 91 17 154 262
Ridge and Valley 189 25 164 378
Totals 778 295 1298 2371

Threats to Extant Populations and Causes of Extirpation by
Physiographic Province

Highlands
In the Highlands, the most common threats to extant populations

included habitat disturbance, recreation, roadways, railroad,
development, and wooly adelgid infestation. Development was the

most common cause of population extirpation.
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Inner Coastal Plain

In the Inner Coastal Plain Province, habitat disturbance and invasive
plants were the most common threats to extant populations.
Development and urbanization were the most common causes of

population extirpation in this province.
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Figure 14. Number of extant, extirpated, and undetermined
populations by physiographic province.

Outer Coastal Plain

The most common threats to extant plant populations in the Outer
Coastal Plain included habitat disturbance, recreation, succession,
water, roadways, and development. Development and succession

were the most common causes of population extirpation.

Piedmont

In the Piedmont Province, succession, recreation, habitat
disturbance, and roadways were the most common threats to extant
endangered plant populations. Again, development and urbanization

were the most common causes of population extirpation.

Ridge and Valley

Roadways, invasive plant species, recreation, and habitat
disturbance were the most commonly cited threats to extant
populations in the Ridge and Valley Province. The most common
causes of population extirpation in this province were damming and

mining.
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Figure 15. Extant and extirpated endangered plant populations by physiographic province in New Jersey.
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Additional GIS Coverages

In addition to habitat types and physiographic provinces, several
other GIS database coverages were used to analyze and portray the
geographical distribution of extirpated and extant populations of
endangered plant species in New Jersey. These coverages included
watersheds, land use/land cover, counties, and current and
recommended conservation lands. Examples are shown in Figures
16, 17 and 18 with supplemental data in Tables 6 and 7 as well as

the Appendices.

It should be noted, however, that the maps and tables shown below
do not represent all of the Natural Heritage Database endangered
plant species locations. The species locations represented in the
maps are only a portion of the total number of endangered species
locations in each county that were used for this analysis. For the
purposes of this study, minute precision occurrences and historic
ranked occurrences were not included in the analysis. Historic
ranked occurrences are those that may very well still be present if

suitable habitat exists, but which have yet to be verified.

Land Use and Land Cover

Distribution of Extant Populations by Land Use/Land Cover

An exact count of extant plant populations on each land use type

was not possible given the nature of the land use data. However,

extant plant population patterns among land use types could be
discerned (Figure 16). It was found that extant populations were
rarely located on urban or agricultural land. However, extant

populations were commonly found in forested and wetland areas.

Threats to Extant Populations and Causes of Extirpation by
Land Use/Land Cover

Agricultural Land: Development, agriculture, roadways, and

bulkhead/fill were the most common causes of population extirpation
on agricultural land. The most common threats to extant populations

included roadways, agriculture, and cranberry bogs.

Barren Land: Common causes of population extirpation on barren
land included development, urbanization, and land clearing. Mining,
habitat disturbance, and recreation were the most common threats to

extant populations in this land type.

Forested Land: Development and urbanization were the most
common causes of population extirpation on forested land. The
most common threats to extant populations were succession,

recreation, and roadways.

Urban Land: As on forested land, development and urbanization
were the most common causes of endangered plant population

extirpation on urban land. Development, habitat disturbance, and
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recreation were cited as the most common threats to extant

populations on this land use type.

Water: In water-influenced areas, development, dams, and canal
construction were the most common causes of population
extirpation. Common threats to extant populations included

recreation, invasive plants, and habitat disturbance.

Wetlands: In wetland areas, common causes of population
extirpation were development, urbanization, and land clearing.
Habitat disturbance, water, recreation, and succession were the

most common threats to extant populations.
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Figure 16. Extant, threatened, and extirpated endangered plant populations by land use/land cover in the State of New Jersey.
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Watersheds

Number of endangered plant species, patterns of population
extirpations, and extant population occurrences were examined in
each watershed management area (Table 6). Occurrence of
populations of undetermined status could not be examined since the
database used classified populations according to outdated
watershed management area (WMA) boundaries, while the GIS

analysis could only be done with updated WMA boundaries.

The number of endangered plant species in each WMA ranged from
107 in the Upper Delaware River WMA to five in the Millstone River
WMA. Number of extant populations ranged from 197 in the Upper
Delaware River WMA to zero in the Hackensack, Pascack WMA and
the Elizabeth, Rahway, Woodbridge WMA. The number of
extirpated populations ranged from 45 in the Hackensack, Pascack
WMA to two in the Upper Passaic, Whippany, Rockaway WMA, the
North and South Branch Raritan WMA, and the Millstone River
WMA. Ratio of extant to extirpated populations ranged from seven in
the Upper Delaware River WMA to zero in watersheds with no extant
populations. Overall, watersheds in and/or near urban areas, such
as the Hackensack, Pascack WMA, and the Lower Passaic, Saddle
WMA, had the greatest number of population extirpations and the
fewest extant populations (Figures 17 and 18). More information for
individual watershed management areas can be found in Appendix
A.

Table 6. Number of species, and extant and extirpated populations
by watershed management area.

Watershed Species Extant Extirpated
Management Area P Populations | Populations
1 | Upper Delaware River 107 197 28
5 Wallkill, Pochuck, 37 48 9
Papakating
3 Pompton, Pequannock, 19 19 4
Wanaque, Ramapo
4 | Lower Passaic, Saddle 11 7 9
5 | Hackensack, Pascack 34 0 45
Upper Passaic,
6 Whippany, Rockaway 13 13
Elizabeth, Rahway,
| Woodbridge 8 0 8
8 Norfrh & South Branch 11 12 >
Raritan
Lower Raritan, South
9 River, Lawrence Brook 13 13 12
10 | Millstone River 5 3 2
11 Ce_ntral _Delaware 21 26 8
Tributaries
12 | Monmouth Watersheds 13 18 14
Barnegat Bay
13 Watersheds 20 61 12
14 | Mullica, Wading River 34 137 26
15 Great Egg Harbor, 24 44 7
Tuckahoe
16 | Cape May Watersheds 47 64 30
17 Maurice, Salem, 13 38 4
Cohansey
18 quer Delaware 37 a1 29
Tributaries
19 | Rancocas Creek 28 30 31
20 | Crosswicks Creek 14 10 7

* Watershed Management Area names as per NJDEP (1997).
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Watershed Management Areas

New Jersey's Watersheds,
Watershed Management Areas
and Water Regions

Upper Delaware River
Wallkill, Pechuck, Papakating
Pomgptan, Pequannock, Wanague, Ramapo

Lower Passaic, Saddle

1

2

3

4

5. Hackensack, Pascack
6. Upper Passaic, Whippany, Rockaway

7. Elizabeth, Rahway, Woodbridge

8. Morth & Scwth Branch Raritan

9 Lower Raritan, South River, Lawrence Broak
10. Milstone River

11. Central Delaware Tributanes

12 Monmouth Watersheds

13 Barnegat Bay Watersheds

14, Mullica, Wading River

15. Great Egg Harbor, Tuckahoe

18. Cape May Watersheds

17. Maurice, Salern, Cohansey

18 Lower Delaware Tributaries

18, Rancocas Creek

20 Crosswicks Cresk

Legend

Endangered Plant Populations
©  Extirpated Populations
Hydrology
Rivers and Streams
Water Regions (5)
[ ] Passaic Region (WMA 3, 4, 5, 6)
|:[ Upper Delaware Region (1, 2, 11)
[ Raritan Region (7,8, 9, 10)
- Lower Delaware Region (WMA 17, 18, 19, 20)
Il ~tantic Coastal Region (12, 13, 14, 15, 16)

10 0 10 20 | .

e ViileS

NJ Department of Environmental Protection THE STATE UNIVERSITY OF NEW JERSEY Source: Breden. Hartman. Anzelone and
- , )

Yivision of Parks 2 “oresiry .
Dm ot Eolynd < omeley Rl ITGERS Kelly. 2006. Endangered Plant Species
Natural Lands Management Populations in NJ: Health and Threats.

Figure 17. Endangered plant population extirpations by water region and watershed management area in New Jersey.
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Watershed Management Areas

New Jersey's Watersheds,
Watershed Management Areas
and Water Regions

Upper Delaware River

Wiallkil, Pochuck, Papakating

Pompton, Pequannock, Wanaque, Ramapo
Lower Passaic, Saddie

1

2

3

I

5. Hackensack, Pascack
6. Upper Passaic, Whippany, Rockaway

7. Eizabeth, Rahway, Woodbridge

8. Morth & South Branch Raritan

8. Lower Raritan, South River, Lawrence Brook
10. Millstone River

11. Central Delaware Tributasies

12 Monmouth Watersheds

13. Barnegat Bay Watersheds.

14, Mullca, Wading River

15. Great Egg Harbor, Tuckahoe

16. Cape May Watersheds

17. Mawrice, Salemn, Cohansey

18. Lower Delaware Tributaries.

18, Rancocas Creek

20, Crosswicks Creek

Legend

Endangered Plant Populations
o  Extant Populations

Hydrology

Rivers and Streams

Water Regions (5)

[ ] Passaic Region (WMA 3, 4, 5, 6)

:l Upper Delaware Region (1, 2, 11) N
[ Raritan Region (7, 8,9, 10) |
- Lower Delaware Region (WMA 17, 18, 19, 20) 10 0 10 20 -._I -—
Il ~tantic Coastal Region (12, 13, 14, 15, 16) L e Miile's

NJ Department of Environmental Protection THE STATE UNIVERSITY OF NEW JERSEY Source: Breden, Hartman, Anzelone and
- ’ s

Wivision of Farks snd Y oreaicy. RUTG ERS Kelly. 2006. Endangered Plant Species
Natural Lands T\-{anagement Populations in NJ: Health and Threats.

Figure 18. Extant endangered plant populations by water region and watershed management area in New Jersey
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Counties

Number of endangered plant species, patterns of population

extirpations, extant population occurrences, and populations of

undetermined status were examined in each of 21 counties in New

Jersey (Table 7). The number of species in each county ranged

from 142 in Sussex County to seven in Union County. This range in

species number changed from a high of 102 species in Sussex
County to a low of one species in Essex County when species of
undetermined populations were omitted. The number of extant
populations ranged from 188 in Sussex County to zero in Essex
and Hudson counties. The number of extirpated populations
ranged from 49 in Camden County to one in Essex and
Somerset counties, and the ratio of extant to extirpated
populations ranged from seven in Sussex County to zero in
Essex and Hudson counties. The ratio of extant to
undetermined populations ranged from 0.8 in Warren County to

zero in Essex and Huson counties.

The high number of species and extant populations in Sussex
County can be partly attributed to the presence of the Delaware
Water Gap National Recreation Area, a relatively high forest
cover (See Appendix B19), and a relatively low human
population density (276 people per square mile or 144,166
people in 521 square miles according to the 2000 US Census).

Hudson and Essex counties, however, are highly urbanized

counties with a relatively high population density (Essex County had

6,289 people per square mile or 793,633 people in 126 square miles

and Hudson County had 12,957 people per square mile or 608,975

people in 47 square miles in the 2000 U.S. Census), thus explaining

the low numbers of extant populations in these counties. More

information for individual counties can be found in Appendix B.

Table 7. Number of species, extant and extirpated populations, and

undetermined populations by county.

County Species Extar_1t Extirpeted Undetermined
Populations Populations Populations

Atlantic 51 (30%) 62 9 76
Bergen 47 (28%) 3 38 41
Burlington 57 (31%) 110 28 142
Camden 53 (38%) 35 49 73
Cape May 80 (52%) 71 33 190
Cumberland 33 (11%) 22 5 61
Essex 9 (1% 0 1 10
Gloucester 44 (18%) 22 10 77
Hudson 17 (15%) 0 16 5

Hunterdon 46 (22%) 22 4 42
Mercer 32 (15%) 10 8 27
Middlesex 29 (20%) 7 19 17
Monmouth 33 (15%) 27 13 38
Morris 60 (24*) 25 6 71
Ocean 54 (23*) 71 13 97
Passaic 39 (19%) 17 4 34
Salem 35 (12%) 24 3 41
Somerset 20 (8%) 7 1 21
Sussex 142 (102%) 188 27 168
Union 7 (4%) 1 3 3

Warren 83 (51%) 58 8 70

* Number in parentheses represents the number of species of extant and
extirpated populations, omitting species of undetermined populations.
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Current and Recommended Conservation Lands

NJDEP Natural Heritage Grid

The NJDEP Natural Heritage Grid Map GIS coverage contains 100%
of the extant endangered population occurrences and 89% of the

species.

NJDEP Natural Heritage Priority Sites

The NJDEP, Natural Heritage Program, created Natural Heritage
Priority Sites to, identify the best habitats for rare plant and animal
species and natural communities through analysis of information in
the Natural Heritage Database (NJDEP 1999). Each priority site is
ranked according to its significance for biological diversity using a
scale developed by The Nature Conservancy and natural heritage
programs. GIS analysis of extant populations in the state showed
that 603 of 778 extant populations in New Jersey are found within

Priority Site boundaries.

NJDEP Green Acres Program

The NJDEP Green Acres Program helps non-profit organizations,
counties, and municipalities acquire or develop land for outdoor
recreation or conservation purposes. Analysis of the land included in
the Green Acres public open space coverages (as of 1999) showed
that 26% of extant populations in New Jersey are found on public

open space.

NJDEP Landscape Project

The NJDEP Landscape Project, “identifies, delineates, and ranks
(based on the conservation status of species present) critical ...
habitat statewide” for wildlife. Critical habitat categories include:
forest, beach, emergent wetlands, forested wetlands, and
grasslands. Each site is coded for wildlife species present that are of
special concern, are state-endangered, or are federally listed. It was
found that 498 of 778 extant populations of plants in the state also
fall in forest habitat. Three of 778 extant plant populations were
found in beach habitat. In emergent wetland habitat, 85 of 778
extant populations were found. Three hundred and sixteen of 779
extant populations were found in forested wetlands habitat. Finally,
in grasslands habitat, only 16 of 778 extant populations were found.
In all, 77% of the extant plant population occurrences were also

included in this GIS coverage.
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Conclusions and Recommendations

The foregoing summary and analysis of the information contained in
the Natural Heritage Database showed that of those populations that
have been verified since 1980, 11% of the endangered plant species
occurrences in New Jersey have been extirpated. More than half
(188) of the 331 vascular plant species listed as endangered,
moreover, had only one to three confirmed extant occurrences in the
state, and 25% (84) had no known extant occurrences at all (i.e.,

historical).

Habitat Protection

Habitat destruction and degradation has been, and continues to be,
the greatest threat to endangered plant species in New Jersey, the
nation (Wilcove et al. 2000), and worldwide (Wilson 1997). The
protection, monitoring, and management of the habitats where these
populations occur is widely recognized as the best (and oftentimes
the only) way of ensuring the survival of endangered plant species
(Synge 1981), and therefore must be a priority. Currently, only 26%
of the extant species in New Jersey have populations either wholly or
partially located on state-protected lands. More endangered species
habitat must be protected in order to ensure the survival of these

species in the future.

Given the nature and scale of the problem, effective conservation of
this resource is therefore likely to entail more comprehensive

initiatives in addition to the preservation of individual populations and

habitats; i.e., incorporating endangered plant conservation into the
planning and policy decisions of state and local agencies with regard

to those lands within their purview.

Existing open space frameworks were found to vary in their
effectiveness at assigning priority sites for conservation. The Natural
Heritage Grid Maps, which contained 100% of the extant species
occurrences and 89% of the species, was by far the most
comprehensive for these purposes. The DEP Natural Heritage
Priority Sites included 78% of the known populations in
recommended areas, and the DEP Landscape Project critical animal
habitat designations contained many of these as well (77%). In
selecting priority sites, however, it is important to not only seek
protection for the greatest number of populations, but to ensure that
representative populations of each particular endangered plant

species are included in these measures.

Furthermore, attention must be given not merely to particular areas
where plant populations occur, but to adjacent and other sites as
well, if both the habitats and the associated ecological systems that
maintain them are to be adequately protected. The amount of land
actually occupied by a particular population may be very small,
whereas the ecological processes that they depend upon, such as
pollination and dispersal, often extend well beyond these boundaries.
Consequently, changes in the forest structure, water table, or other
aspects in adjacent areas may be detrimental to these populations

as well.
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Population Monitoring

As great a challenge as the protection of these habitats may be, land
preservation alone is not likely to be sufficient to ensure the survival
of these species in the state. Habitat conditions continue to change
even after overt threats such as development have been eliminated,
as has been seen in a number of national parks (Bratton and White
1981). Many of these changes — such as woody plant succession -
already threaten a number of endangered plant populations in the
state, such as American chaffseed (Schwalbea americana) and bog
asphodel (Narthecium americanum). Systematic monitoring of
populations is therefore likely to be needed in many cases in order

for effective management of these habitats to take place.

Little is known about the biological requirements of a great many of
these species, however, making it difficult to determine what
changes may be detrimental to populations, or what actions should
be taken to manage and maintain them. Persistent declines,
especially in large populations, for example, may indicate such a
changed ecological context. However, normal fluctuations in the
populations of these species are also known to occur. The anecdotal
accounts of population trends currently comprising the majority of
information in the Natural Heritage Database cannot distinguish
among these possibilities and are therefore inadequate to indicate or
identify a serious downturn in the health of many of these
populations. The only way to distinguish between these phenomena

is by conducting long-term, site-specific ecological studies (Sarker

1996), which must therefore be the basis of conservation planning

and management activities.

Endangered Species Inventory

Although more intensive population monitoring will undoubtedly be
needed for many endangered species populations in the future, of
more immediate concern is the need to update the status of these
populations within the existing inventory framework. No information
exists as to the current status of more than 50% of the total known
endangered plant species occurrences in New Jersey since 1980,
and only 10% have been verified since 1990. Such basic information
as to whether these populations are extant or extirpated is required
in order to formulate sound policy and planning at the statewide

level.

The population occurrence records in the Natural Heritage Database
consist of an assemblage of diverse records compiled over more
than 100 years, and the current undetermined status of many
populations was due to the lack of information as to the whereabouts
of these occurrences in these historical records. Some, for example,
are no more specific than identifying the county in which these
occurrences were found, and a great deal of potentially suitable
habitat must therefore be searched in order to satisfactorily

determine their status.

Efforts by the Natural Heritage Program staff, volunteers, and

contractors have in fact been remarkably successful in recent years
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in updating the database, resulting in the discovery of more than 100
extremely rare species (Snyder 2000) and the identification of more
than 300 high quality sites for conservation (NJDEP 1999). Similarly,
the five species that were responsible for 30% of the occurrences in
the database were so abundant in part because so much more
survey effort and funding was devoted to them, due to either their
status as federally listed species (e.g., Rhynchospora knieskiernii,
Narthecium americanum), or their occurrence in the same areas as

these species (e.g., Juncus caesariensis).

The many new occurrences recently discovered for other federally
listed species, such as the threatened seabeach amaranth
(Amaranthus pumilus; Kelly 2003) and bog turtle (Clemmys
muhlenburgii; Tesauro 2002), also support this pattern, as do the
recent findings by remote sensing of more than 13,000 potential
vernal pools in New Jersey, which are important habitats for a
number of endangered amphibian species in the state (NJDEP
2003).

While the success of recent efforts suggests reason for hope, more
work is needed to adequately determine the status of these
endangered plant species in New Jersey. To date, no
comprehensive survey has been done of the entire state, and
additional funding for staff and resources will undoubtedly be needed
in order to complete the endangered species inventory, and to
continue to update and maintain it with information sufficient to

match the pace and scale of changes that effect them.

The expanded survey, monitoring, and management efforts needed
for the effective conservation of these species populations
throughout the state might be more expeditiously achieved by
enlisting the help of local volunteer groups (e.qg., local students,
botanical clubs and other citizens). In addition to significantly
reducing the time and money that would otherwise be needed to
accomplish these tasks, these less conventional methods could also
help raise public awareness as to the existence of these species and
habitats in local communities, as well as foster a sense of

stewardship regarding their well-being.

Environmental Education

Such issues of environmental knowledge and values, and the extent
to which they come to inform our human-ecological actions and
behaviors, will undoubtedly determine the ultimate success of
conservation efforts in the future. Perhaps the most striking aspect of
past extirpations and the existing threats to these species is the
tremendous and consistent incongruity between the intentions and
consequences of the actions that bring about their demise. Even
more striking perhaps is the fact that, whatever the motives, the vast
majority of extinctions by human hands to date have in fact been
entirely unintentional. In most cases, the road to extinction has been
paved with numerous individual human actions incrementally
changing the populations or habitats of these species over time.
Most people, however, are unaware of the very existence of these

species at all, never mind the consequences of actions which may
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impact them. In cases where the species are in fact being directly
and intentionally exploited, moreover, it is rarely done with their

larger evolutionary significance, or the thought of extinction, in mind.

Given the sensitivity of many of these species in New Jersey and the
large number of human activities that can and do affect them, greater
public awareness as to the existence and significance of these
species and their habitats may be in order to preserve New Jersey's

native flora for future generations.
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