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ABSTRACT

Land
jectives. Habitat management is required to help address most of the threats to

rare plant populations and their habitats. The high cost of land protection can

often be countered by focusing conservation activity on public land where land

acquisition is not an issue. It is still necessary, though, to focus conservation

resources on populations that will best contribute to the protection of the species.

A range-wide approach using Heritage data to compare all existing occurrences

is discussed. A management planning process is described for those populations

that do become the focus of in situ efforts. This planning process includes the

development of ecological models that describe the interaction among the species,

its habitat and key ecological processes. These models aid in the development of

site designs and the establishment of measurable conservation goals. The success

of management actions at reaching these goals should be tracked in focused bi-

ological monitoring programs. This feedback mechanism enables land managers
to reevaluate their ecological assumptions, conservation goals and management
strategies.

Key Words: Habitat management, conservation planning, biological monitoring,

models

INTRODUCTION

This paper was prepared to bring up issues and generate dis-

Lssions that could lead to habitat management policies of use

the NewEngland Plant Conservation Program (NEPCoP) and
e entire conservation community. Habitat management is a

from
management

tempting to narrow down the focus of this paper and produce

most
agers, I have chosen not to focus on details and techniques but

rather on the management planning process. This paper discusses

the role and importance of habitat management in the conser-

vation of rare species and describes a process for management
planning, implementation and measurement of results that could

conservation

258
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LANDPROTECTIONVS. HABITAT MANAGEMENT

This paper focuses on in situ species conservation: the pres-

ervation of viable populations in functioning habitats. In this

context natural processes such as fire, hydrology, herbivory, wind,
succession and competition need to be addressed when making
conservation decisions. In situ conservation is accomplished
through a combination of land protection (control of the land
through legal interest, voluntary agreements, regulations or zon-
ing) and habitat management.

Effective land protection has two critical components that need
to be addressed whether the land is being protected for reintroduc-

tions or conservation of existing habitat and populations. The
first component is site design: the identification and delineation

of the land area needing some level of protection or protection

consideration to ensure the security and defensibility of the tar-

geted population. Site design decisions should be based strictly

on ecological factors and not on ownership patterns. Proper site

design cannot be done without an understanding of the natural

processes acting on the habitat. Because our information is never

complete, site designs should be reviewed and if necessary revised

on a regular basis as more information becomes available. I use

"site design" here rather than "preserve design" because of the

connotation of land ownership that the term "preserve" seems
to imply. A site is an area requiring protection planning, which
can run from enforcement of existing regulations and zoning to

voluntary protection, management agreements and outright con-

servation ownership. The role of site design in habitat manage-

ment planning is further discussed later in this paper. The second

component is protection planning: identifying the best protection

strategy on a tract-by-tract basis (conservation ownership, where

the fee is vested in some organization dedicated to conservation,

is not always the intended goal or most appropriate level of pro-

tection for a parcel of land), and setting protection priorities (which

tracts are most critical).

Habitat management has two components which I call "use

management" and "biological management." Use management
is aimed at controlling land use such as trail siting, visitor access

and use, off-road- vehicle use and timber harvest. Biological man-

agement is aimed at controlling/reinstating/influencing the nat-
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Table 1. Major threats to plant populations and their habitats.*

1. Direct habitat conversion (e.g., natural habitat to golf course, subdivision or

mall)

2. Natural disturbances

3. Suppression of natural disturbances

4. Succession

5. Natural fluctuation in small populations

6. Introduction of exotic pests, diseases, animals, and plants

7. Imbalance in animal populations (e.g., deer)

8. Human caused changes in hydrologic regime
9. Inappropriate landuse and management (recreation, resource exploitation)

Adapted from White and Bratton (1980).

lation and its habitat.

competition

Effective land protection requires careful consideration of site

im
Effective habitat management requires a combination of biolog-

ical management and use management. Long-term conservation

of plant populations in situ will only be successful when land

protection and habitat management are combined. Only the com-
bined use of these two strategies can successfully address the major

threats to plant populations and their habitats (Table 1 ).

Land protection alone is not an effective protection tool .

and Bratton, 1980). The act of setting aside land as a natural area

does little to mitigate the effects of threats 3 through 9 i '"
""

(White

1
. A major reason for this

"natural" areas in the true

animal
through

ground

imnactedi fires are not left to bum
logged; exotic species dominate in many

dying from acid rain and are becoming increasingly fragmented;
4 4 ^ m ^ . ^

majority
management

importance
preservation, management

trying
melana. However, protection of land is still a critically imponani
protection tool for three reasons. First, creating a well-designed,

greatly

1
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conversion, probably the greatest threat to natural diversity. The
higher the level of protection, such as a state dedicated natural

area, the more secure the reserve. Second, well-designed sites and
protection strategies can also mitigate the threat from natural

disturbance; for instance, small isolated patches of mature forest

can be devastated by a single disturbance event. In 1990, a 40-

acre old-growth white pine stand at the Conservancy's Cathedral
Pines Preserve was shattered during a single severe windstorm
(Lapin, 1991), whereas an old-growth forest at the Big Reed Forest

Reserve in Maine is more buffered from a single storm event by
its 5000 acres and its location in a forest matrix with a more
moderate edge than the sharp boundary of agricultural land and
development at Cathedral Pines. Finally, owning a natural area

gives the owner the right to manage it. This combination of land

protection and habitat management is the key to long-term pro-

tection. If, however, the resource is not the focus of management
activity at the site, the advantage could be, and often is, lost.

MANAGEMENTONPUBLIC LANDS

Data from the Natural Heritage Program Network have doc-

umented that in many states more than 50% of the occurrences

of rare species and significant habitats are found on public lands.

In 1 99 1 Heritage programs in Connecticut, Massachusetts, Rhode
Island and NewHampshire documented 461 sites of global eco-

logical significance. It was estimated that 233 of these sites were

completely or in part publicly owned. Public ownership includes
^^ ^ _ — ft d ^^^fc *

Service

Wildlife Service—- — " ——— ' ' ——————— —— — - ^ - ,

state agencies (state parks, wildlife management areas, state uni-

versity lands, etc.) and local agencies such as counties and towns.

Weoften rnnc;rip.r tin*»t:<» T^iiKiin lanHc tn hp "nrotected" when in

While
aspect of conservation, many of these areas do Uttle if anything

term preservation
Nature Conservancy does not consider a publicly owned site "pro-

tected" unless the management needs of the target species are

specifically addressed in the site's management plan.

In 1991 less than one third of the 233 sites with public own-
ership were considered protected. For a number of reasons these

sites are often not managed for the rare species found there or for
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maintenance
management priorities of many

often conflict with the management of rare plant populations

(Falk, 1990). Often resources are not available to develop and

implement management plans and very often the manager is sim-

ply not aware of the existence of rare species. This latter situation

is being effectively addressed in some states by programs such as

the Maine Critical Areas Program and the Massachusetts Natural

Areas Registry designed to inform public land managers of the

existence and significance of rare populations and provide man-
agement guidelines. The Vermont Nature Conservancy and the

Vermont Natural Heritage Program have developed a registry

program that provides maps and management guidelines for in-

clusion in the public agencies' land management plans. Many
Natural Heritage Programs provide management information to

public land managing agencies for rare species and exemplary

natural communities in the state.

To address conflicting management priorities on public lands,

NewEngland conservation community should emphasize the need

for programs aimed at: (1) assisting and guiding states in the

development of natural area and endangered species legislation,

(2) raising the existing levels of protection through special des-

ignations such as Special Interest Areas and Research Natural

Areas, and (3) providing management information and assistance.

Cooperative research efforts should be encouraged. For instance,

in Massachusetts William Patterson of The University of Mas-

sachusetts is working with Miles Standish State Forest and the

scrub

Service on Cape Cod to demonstrate
cribed burning in maintenance of pine-1

and Peter Dunwiddie of Massachusetts Audubon, with the co-

operation of The Nature Conservancy, are working with the Na-

tional Park Service to evaluate potential effects of hands-oflT man-
agement on community diversity and rare species at the Cape
Cod National Seashore.

The remaining populations occur on private lands, some pro-

tected by private conservation groups such as The Nature Con-

servancy, but many are not. Working under the assumption that

most species are lost through ignorance rather than willful intent,

registry and landowner contact programs have been established

in many states to inform private landowners of the significance
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Table 2. Plant population ranking criteria.

Quality

Representativeness of the population, especially as compared to element occur-

rence (EO) specifications, including maturity, size and numbers

Condition

Howmuch the habitat and population itself have been damaged or altered from
their optimal condition and character

Viability

Long-term prospects for continued existence of the population

Etefensibility

Extent to which the population and its habitat can be protected from extrinsic

human factors that might otherwise degrade or destroy it

of their property and occasionally to provide management infor-

mation in terms of activities that should be avoided within the

site, such as application of herbicides and mowing. A question

that is often asked is how much protection and management effort

should be expended on any particular unprotected population. Is

the chance too great that the investment made in management
and land protection will be lost? In general, conservation resources

should be expended in proportion to the perceived importance

the species.

preservation

RANGE-WIDEAPPROACHTO PROTECTIONPLANNING

conservation
rm

management should be carefully weighed against the benefit of

protecting a particular population and the chances of that popula-

tion's long term survival at the site. This evaluation is best done
by taking a range-wide approach to protection planning. A plan

should be developed to protect the species (not just a population)

by looking at and comparing all populations of the plant, or, in

the case of regional or state rarity, looking at all the populations

within that area. Taking a range-wide approach to protection

planning allows the conservation community to make informed

management and protection decisions for each population based

on its quality, condition, viability and defensibility (Table 2). The

m
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Table 3. Element global rank record.

Identifiers

Name:

Description

CAREX
POLY-
MORPHA

Plant, monocot,

Cyperaceae

Common
Name: Variable Sedge

Taxonomy:

Global Element Occurrence (EO) and EORanking Specifications

Habitat:

Permanence:
EOSpecifications:

A-Rank Specs:

B-Rank Specs

C-Rank Specs

D-Rank Specs

Primarily an upland species in dry, open woods,

mostly acidic soil; ft*equently occurs in wetland

ecotones and occasionally in sphagnaceous

wetlands; also found in disturbed habitats such

as those along railroad rights-of-way, sand pits,

and cart roads; small wind dunes atop knobs

in WV.
Permanent.

Any natural occurrence of one or more plants.

A large population of plants covering 10 or more

acres and containing tens of thousands of ra-

mets, hundreds of fertile culms. Such a site,

would have very little disturbance, and a lack

of significant competition from exotic plant

species.

A moderate population of plants covering 5 to

10 acres and containing thousands of ramets,

including many fertile culms. Such a site might

have noticeable disturbance and/or moderate

invasions by exotic s|>ecies.

A small population of plants covering 2 to 5

acres, or containing much less than a thousand

ramets. Reproduction can be very poor, with

few or no fertile culms present. Such a site

might have significant disturbance, and/or sig-

nificant invasions by exotic plant species.

A population of plants covering less than 2 acres,

or containing much less than a thousand ra-

mets. Reproduction can be very poor, with few

or no fertile culms present. Such a site would

have a high occurrence of disturbance, and/or

significant competition from exotic plant spe-

cies.

Element Global Ranking Criteria

Estimated EOs: C
Est. EOs Comment: Approximately 25 EOs altogether: CT—1; MA

I; ME-5; NH-1; NJ-2; PA-7; RI-I;
VA-7-I0; WV-5.
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Table 3. Continued.

Abundance:

Abund. Comment

Range:

Range Comment:

Population size varies from one to several indi-

viduals at a site to 1000+ individuals at a site.

B
Extant in CT, MA, ME, NH, NJ, PA, RI, VA, &

WV. Historical records from DE, MD, NY.
Some states with only one population.

Trend:

Trend Comment

Protected EOs:
Prot. EOs Comment

Declining?/extirpated in all states except, per-

haps, VA &WV.
B
Largest population in WVis protected, in part;

one population in NJ is in a State Natural

Area.

Threat:

Threat Comment

Fragility:

Fragility Comment

Very threatened in New England; populations in

WVare under little imminent threat, yet

seemingly remote rugged sites can be bull-

dozed and developed almost overnight. All

sites, except preserve, are susceptible to recrea-

tional development for vacation homes on

ridge tops.

B
May require some disturbance to habitat to pre-

vent succession to woody vegetation.

Other Considerations:

Global Rank and Summary Reasons

Global Rank: G2

Summary Reasons:

Global

Rank
Date: 90-06-22

Loss of habitat, extirpated from 3 of 12 state

range, many populations small and most are

on privately-owned unprotected land. Four

states with only one population each (CT, MA,

NH, RI).

Global Action Recommendations

Protection Needs:

Inventory Needs

Research Needs:

Seek protection of several New England, as well

as VA populations and other sites in WV.

Seek extant population(s) in NY. Search appro-

priate habitat in NewJersey and Virginia for

new populations.

Research on effects of natural succession by

woody vegetation, shading, and fire on repro-

duction and population vigor.
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Table 3. Continued.

Stewardship Needs:

Record Maintenance

Responsibility: WVHP Edition

Author: Russell, C. &
P. J. Harmon

Edition Date: 91-09-05 Update
Date: 91-10-22

sign an overall rank (A = Excellent, D = Poor) to each occurrence

(for a plant, an occurrence can usually be defined as a population).

Guidelines for ranking occurrences of a particular species are

developed on a species by species basis and documented in an

Element Global Ranking Form. This form also provides the basis

for the development of an "element conservation priority rank"

(Master, 1991). A global ranking form for Carex polymorpha is

shown in Table 3. As the Heritage Network collects data for a

species on an occurrence by occurrence basis, these data are used

to further evaluate the naturalness or quality of the habitat, and

the urgency for habitat management and protection actions (Table

4). Heritage Network data can be used to develop range-wide

pictures or scorecards of the status of all populations of a species.

An incomplete scorecard comparing 10 occurrences of Carex

polymorpha is shown in Table 5. By comparing overall occurrence

rank, land ownership patterns, protection status, population sta-

tus and protection urgency, a population's importance in the over-

all protection of the species begins to emerge. Genetic data would

be a valuable addition to this population by population evalua-

tion.

With information generated by the Natural Heritage Program

Network, there is now an opportunity to develop range-wide pro-

tection plans at the national, regional or state level. I would like

to advocate the need for state or regional protection planning

meetings. These meetings would have as an agenda protection of

a number of species of concern within the state or region, and the

specific goal of developing protection strategies and assigning next

actions for each occurrence of each species. Participants should

include those who are actively involved in direct conservation of

the species, including representatives from federal and state man-

agement agencies who have occurrences of the species on their

land. Formal Protection Planning Committees have been sue-
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Table 4. Urgency ranks.

PROTECTIONURGENCY
A protection action typically involves raising the current status (CS) of one or

more tracts at the site. However, a protection action may also include activities

such as working with public and private entities to minimize adverse impacts

to element occurrences (EOs) dependent on particular water quality and hydro-

logic parameters at a site.

Threats that might possibly require a protection action include: 1) anthropo-

genic forces that threaten the existence of one or more EOs at the site (e.g.,

development that would destroy, degrade, or seriously compromise the long-

term viability of an EO; timber/range/recreation/hydrologic management that

is incompatible with an EO's existence); 2) inability to undertake a manage-

ment action {see Management Urgency) in the absence of a protection action

(e.g., obtaining a management agreement); 3) in extraordinary circumstances, a

prospective change in ownership or management that will make future protec-

tion actions much more difficult.

PI: Immediately threatened by severely destructive forces (within 1 year of

P2

P3

P4

P5

rank date)— now or never!

Threat expected within 5 years

Definable threat, but not in the next 5 years

No threat known for foreseeable future

Land protection complete

MANAGEMENTURGENCY
"Management action" includes both biological management (e.g., prescribed

burning, exotic removal, mowing) and use management (e.g., barriers to pre-

vent ORVabuse, patrol for collecting/hunting/trespass, trail rerouting).

Ml: (a) Newmanagement action required immediately or population

could be lost or irretrievably degraded within 1 year

(b) Ongoing annual management action must continue or population

could be lost or irretrievably degraded within 1 year

M2: (a) New management action will be needed within 5 years to prevent

loss of population
(b) Ongoing, recurring management action must continue within 5

years to prevent loss of population
M3: (a) New management action will be needed within 5 years to maintam

current quality of population

(b) Ongoing, recurrent management must continue within 5 years to

maintain current quality of population
M4: Although not currently threatened, management may be needed m the

future to maintain current quality of population

•^5: No serious management needs known or anticipated at site
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number of southern

northeast region.

meetings

meetings
evaluating the status of all occurrences, determining the appro-
priate needs and next actions for each occurrence (whether it be

management
truly

should be held on a regularly scheduled basis so that progress

accom
importance

be
should be recorded in a networked database. The Nature Con-
servancy's Biological and Conservation Data system, used by the

ram
cies, can track actions and responsibilities and link these actions

to individual species, populations and tracts of land.

PLANNINGAT THE POPULATION

When a decision is made to focus conservation resources on a

particular site more information needs to be collected and another

decision making process needs to be developed. Figure 1 outlines

the recommended process for protecting and managing rare plant

habitat. This process emphasizes the need to understand the dy-

namics of the species and its habitat and the processes that directly

affect them, the need to carefully develop and articulate conser-

vation goals, and the need to develop monitoring programs to

track our success at meeting these goals in order to evaluate and

modify our ecological and management assumptions.

THE ECOLOGICALMODEL

The goal of in situ conservation is to protect the plant popu-

lation in the context of the habitat in which it is found. Weare

not trying to create wildland gardens, where plants are carfully

tended and seeds germinated and planted. Wildland gardening is

often the result of a lack of information on how the biological

system works.
A case in point is Peter's Mountain mallow, Iliamna corei
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7Sxte
Design

Ecological Model
(Data Collection)

(Threats Assessment)
(Info Gap Analysis)

Research

Baseline Data
Collection

Biological
Monitoring

Management
Planning and

Implementat ion

Figure 1 . Habitat management planning process

(Sherff) Sherff, known from only one site in southwestern Virginia

(Williams et al., 1992). When this herbaceous perennial was dis-

covered in 1927, there were approximately 50 individuals. In the

1960's and 1970's the population precipitously declined, and to-

day there are only four individuals left at the site. There has been

no recruitment in the population and there are now high levels

of flower abortion and low levels of seed production. Management
has been essentially wildland gardening focused on maintaining

these last four plants, including caging to prevent deer browse,

and watering during periods of drought. Seeds collected from the

plants were scarified, germinated and grown at Virginia Poly-

technic Institute and State University.
What was lacking in the above scenario was an understanding

of how biotic and abiotic factors affected the growth and repro-
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duction of the mallow. True in situ conservation (the preservation
of viable populations in functioning habitats) requires an under-
standing of the life cycle of the species targeted for protection,

the relationship between the species and its habitat, and the abi-

otic and biotic processes acting on both. It is the description of
this dynamic relation that I am calling an ecological model. This
model might be simple (and initially it will be) or, as our under-
standing of the system develops, complex. It can be qualitative

or quantitative, textual or diagrammatic. Whatever form this

model initially takes, it requires land managers to put down on
paper their knowledge and assumptions on how the system op-
erates. Regardless of complexity or completeness, the model must
have two traits: it must be descriptive, showing our understanding
and assumptions of how the system works, and it must be pre-

dictive.

model
information

and the site itself. If appropriate, information on more common
but closely related species found in similar habitats can be col-

ement availa

Information
management history

sessment of the threats listed in Table 1 should be made. Because
our knowledge of the ecological dynamics within a system is never

complete, the ecological model will never be complete and will

only reflect the current state of our knowledge.
In the case oi Iliamna corei, research initiated in 1986 by The

Virginia Department of Agriculture and Consumer Services, the

US Fish and Wildlife Service, the Nature Conservancy, Virginia

Polytechnic Institute and State University, and recent work by
Baskin and Baskin (1990) have found that the species is self-

incompatible and cross pollination among the four plants is prob-

ably infrequent, that a large seedbank exists at the population,

that seed germination is triggered by fire, and that plant growth
is negatively affected by shading and neighboring vegetation (Wil-

liams et al., 1992). With this information, a model of how the

system works begins to form (Figure 2) and leads us to ask further

questions: What was the frequency and timing of fire in this

habitat? Are there other unexpressed seedbanks? Management
predictions can be made as to appropriately time prescribed bums
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to stimulate the seed bank, and overstory thinning to promote
development of individuals. Research is currently underway to

determine the fire history of the habitat and a research proposal,

developed by Caren Caljouw of the Virginia Division of Natural

determine
burning

model
protection planning process at a site (Figure 1). Specifically, the

model should point out areas of weakness in the information base,

and thus where research or baseline data are needed. Additionally,

the more we know about the threats and needs of specific pop-
ulations and their habitats as well as the biotic and abiotic pro-

cesses affecting them, the better we are able to design preserves

that will allow these processes to function and reduce identified

threats. Similarly, this ecological model will guide management
activities aimed at maintaining or reintroducing critical processes

such as fire, flooding and herbivory, and at eliminating or reducing
threats such as exotics, succession and negative land management
practices.

Storage and management of both the sources of information
used to develop the model, and the model itself, need to be care-

fully considered. The Biological and Conservation Data system's
source, stewardship and species and community characterization

format
information

seminating much of this information so that everyone
conservation

wheel.
knowledg

SITE DESIGN

model
needed to develop a site design. A well-thought-out site design is

m
mng process; it minimizes the need for extensive interventionist

management and maximizes the chances for conservation success.

Without a well-designed site plan, fatal flaws in our ability to

protect and manage the critical natural resources occurring at a

site might not be detected until after a major investment of con-
servation time and money. A complete site design has three com-
ponents. The first, which was mentioned at the bednnine of this
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paper, is the identification and delineation of the land area needing

some level of protection or protection consideration to ensure the

security and defensibility of the targeted population and its hab-

itat, to moderate or eliminate threats, and to maintain or reinstate

the natural processes needed to maintain or enhance the species

and its habitat. While a single species often directs conservation

attention to a particular site, we are usually protecting more than

one endangered plant there. Most rare species do not occur in

isolation and many occur within rare or exemplary communities.
The design must take into account all resources to be protected

at the site.

must consider the maj
habitat. It needs to look at the habitat in relation to the larger

landscape in which it occurs and evaluate current and potential

mpact
trying

southeastern Massachusetts
system might include development

shores and inappropriate use such as all-terrain vehicles (ATV's).

But these issues by themselves are not enough to consider in the

site design. The maintenance of the coastal plain pond habitat is

controlled by the hydrology of the region. A critical protection

goal will have to be the maintenance of groundwater qualit>' and
quantity, a goal that needs to be addressed in the site design and
cannot be resolved by land acquisition. Direction and speed of

groundwater flow need to be determined to help evaluate potential

threats from septic systems and to help calculate pondshore set-

backs. Overall water quantity entering the site needs to be deter-

mined to limit quantity of groundwater removal by pumping at

nearby municipal wells.

The needs of active management, such as prescribed burning,

also must be considered in site design. The land area necessary

to implement safe and effective prescribed bums and address

smoke management issues must be taken into account. Plans for

management
ivell-designed

design
plan or strategy for the land. All of the above design work should

patterns

ownership information must
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levels of protection, from fee ownership to simple landowner
contact to zoning considerations, need to be identified. Finally,

management issues need to be reviewed and an outline of man-
agement needs prepared. This work should all be done before any
land protection work begins. The site design, then, should outline

the scope and cost of the conservation activity needed at a par-

ticular site.

SETTING CONSERVATIONGOALS

A critical step between development of the ecological model
id development and implementation of a management program

establishment of conservation goals (Figure 1). The need for

establishment

managers
m

management, is a management
sequences to ecological processes. This approach to habitat man-
agement planning requires us to state the potential management
results that would reinforce our commitment to management
strategies, and the results that would lead us to alter our ideas

about how stewardship should proceed. Before implementing a

management program, land managers must ask themselves what

they are trying to accomplish through this management. Setting

of these conservation eoals needs be done early in the planning

mi
Conservation goals also need to be clear, concise and measur-

able. Generally, the goal for a rare plant population is to maintain

or improve it. Goals stated this way are not useful because "mam-
tain" and "improve" «'•'" nnrlpfined and not measurable. Quan-

tifiable goals are not easy to develop and often require a level of

information which we do not have, or they force managers to

state assumptions that are unproven or of which they are unsure.

We seldom have comolete information concerning species Hfe

mics
mental relationships. Additionally, each population is unique,

making it difficult to extrapolate from available species infor-

mation. In this case, however, uncertainty should not be a bar to

action. By articulating our goals we enable our colleagues to ex-

amine our operating premises, and to critique them. Wealso help
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assure continuity despite personnel changes. And most impor-

tantly, we can design and implement monitoring that will, over

time, allow us to refine these goals and our site management plans.

Goal setting should be viewed as a dynamic and flexible process

and representative of our current understanding of the system.

Setting conservation goals requires four steps. The first step is

the identification and selection of features or parameters that best

indicate the health and status of a population and/or habitat. This

goal might reference size of the population or size of the area

occupied within a range over time; or the size (age) class distri-

bution of a population. Frequency is often used, especially in the

West (Smith et al., 1 986). For Carex polymorpha, a clonal species,

individuals can be counted but density needs to be better defined.

Are we talking about density of ramets or genets? Our ecological

model shows that as the canopy closes, flowering and seed set

decrease (Standley and Dudley, 1991). A conservation goal based

on number of ramets would not really represent the health of the

population. Possibly an estimate of the number of ramets and

percentage of these setting seed would be better indicators of the

status of Carex at a site. If canopy cover is a factor, then a goal

needs to be set for this parameter also.

The second step is to develop a baseline. To set a goal it is

necessary to know the current status of the population and habitat

in terms of the selected parameters. For parameters that are van-

able or fluctuate over time, such as density in an annual species,

baseline data need to be collected over a long enough period to

understand natural fluctuations and how they might relate to

habitat factors such as drought. In this case, a baseline might

reference the average density over a five-year period or the max-

imum number of flowering stems within any four-year period.

Once the parameters are identified and the baseline established,

quantitative goals should be articulated as the third step. For an

occurrence of Carex polymorpha, the goal might be a total pop-

ulation size of more than 5000 ramets with at least 25% setting

seed and a canopy cover of 10-30%. Zaremba (1992) established

a conservation goal for a population of the annual Agalinis acuta

at a site in NewYork, of maintaining an average of 1 000 plants

over a five-year period at 8 to 10 subpopulations. These subpopu-

lations should occur in good quality natural communities that are

maintained by management that simulates natural processes.
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The last step in setting conservation goals is to establish a "red

flag/' or lower threshold, for the parameters measured that will

alert the manager to problems and the need to re-evaluate man-
agement strategies or to review conservation goals. This re-eval-

uation is an important step because the manager needs to know
when to intercede in the management process in order to avoid

extirpation of the population.

SITE MANAGEMENTPLANS

Site management plans drafted as part of the site design process

should now be fleshed out. The purpose of the plan is to document
our ecological and management assumptions and to spell out the

management policies and actions that need to be implemented
to accomplish the conservation goals. I am not proposing a rigid

format for these plans. What is most important is that they be

dynamic, capable of being reviewed and updated on a regular

basis, A management plan should never be bound! It might be

useful to think of a management plan as a file drawer where

information can be added, replaced or updated easily, Informa-
. ^ . A « * V

Archival

information would include items
history

documents
model

scriptions, monitoring plans and results, lists of next actions or

format

documenting
sumptions and spelling out management policies and actions are.

BIOLOGICAL MONITORING

ma
em

as a feedback mechanism is biological monitoring. Monitonng

means many things to many people but virtually all monitonng

activities share (or should share) three common traits. First, mon-

time

nterpreted by comparison
interpre
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tation. Biological monitoring indicates what is happening but does

not answer any hypotheses; it does not tell you why. Taking one's

temperature is a form of monitoring. The standard or goal a

person is trying to achieve is 98.6° F; a high temperature indicates

something is wrong, but not what.

For the past six years The Nature Conservancy has been using

and promoting a very narrow definition of monitoring in the

context of the management process discussed in this paper. The

Conservancy defines biological monitoring as tracking or auditing

of species and communities relative to stated conservation goals.

Biological monitoring, then, has the expHcit objective of describ-

ing a species' status at a point in time, and its trend in status over

time. A monitoring program allows land managers to evaluate

whether their management decisions, including the decision to

leave the system alone and do nothing, are correct (whether con-

servation goals are being attained) and similarly whether the status

and trend in status of the species indicate that it is time to review

the ecological and management assumptions and either revise the

management program or revise the conservation goals. This mon-
itoring will not tell us why we did not reach our management
goals. Similarly, this monitoring is not designed to set manage-

ment prescriptions. The distinction is important. I consider the
*

questions of causation and comparisons of management prescnp-

tions to be research and to be addressed by a research program.

A monitoring program is an ecological audit whose function is

simply to identify where things are working and where they are

not.

All in situ management programs should have a monitonng
program to evaluate their success. Palmer (1986) conducted a

review of monitoring programs in a number of states. The Nature

Conservancy followed up with a review of their own programs.

Based on results of these two surveys a number of recommen-
dations can be made which will help ensure a successful biological

monitoring program and wise use of limited conservation re-

sources.

1. Set conservation

monitoring nroeram. Without

measurable goals, biological monitoring will simply
With

determine
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itive and what negative. Finally, without a goal it is difficult

to decide what parameters need to be measured, resulting

in monitoring programs that attempt to look at everything

or look at the wrong parameters. "Red flags" warn the man-
ager when it is time to reevaluate management assumptions

and initiate new management actions, including research.

2. Keeo methods simole and focused on goals. Methods need

4.

5.

parameters

formed, methods
methods which become sub

s are reinterpreted. Methods
as simple as possible to measure st;

Methods capable of being carried

best and increase our capacity.

3. Document methods
methods

a monitoring plan.

program

many monitoring progra;

rill he analvzed. Methods

analysis need to be stated up front in the plan to ensure that

methods

m
outside review and opinions. Of course, without a moni-

toring plan there is nothing to review.

6. Provide for data storage. Storage of raw and processed data

needs to be considered in a monitoring plan. Processed data

man
communicated

The Biological and Conservation Data system (BCD) used by

the Natural Heritage Program Network in all NewEngland states

provides for the tracking of the status and trends of species and

community occurrences through monitoring datafiles that can be

linked to all species and communities in the Heritage Data Net-

work. BCD, then, can be used to record every monitoring event

(Ecomonitoring Visit Record) and to summarize these events

(Ecomonitoring Record) to provide a picture of the overall status

and trend in status of the species or community monitored. For-

mats are shown in Figure 3

.
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ECOMONITORINGRECORD

1. Monitoring Subject:

2. Location:

3. Goals & Objectives

Management Plans: Y/N Monitoring Plan

Management Goals:

Y/N Monitoring Level: 1.2,3

Parameter

1.

2.

n .

4. Monitoring Procedures

Methods:

Goal Red Flag

Sampling Frequency:

Visit Dates: 1.

2.

n.

5. Trends and Recommendations

Short Term Trend:

Trend Interpretation:

Current Condition:

Condition Comments:

I

From Ecoraonitoring Visits Record

Trend Update:

Management Recommendations:

Monitoring Recommendations:

Location of Raw & Processed Data

Update:

Long Term Trend

Visit Code:

Visit Date;

Observer:

Effort Comments:

Parameter

L

2-

n.

Other Observations

ECOMONITORINGVISITS RECORD"

Person Hours:

Quantitative Summary Qualitative Note

" One record produced per monitoring event

Figure 3. Formats of Ecomonitoring and Ecc
in the Biological and Conservation Data System.
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SUMMARYANDRECOMMENDATIONS

conservation

plants needs to address in situ as well as ex situ protection strat-

program
conservation purposes

by plant populations and their habitats require a carefully planned

program of habitat management
priate uses of the site and the need for active biological manage-

most
NewEngland occur, at least in part, on public land. Since use and

many
conservation

my first recommendation

1

.

The NewEngland conservation community should support

and promote programs aimed at: a) alerting public land

management agencies and land managers of the occurrence

and significance of rare plant populations on their holdmgs,

b) raising the level of protection on these lands, and c) pro-

viding habitat management information and assistance.

Protection and habitat management decisions for specific pop-

ulations of rare species are best made after looking at the range

and status of the entire species. Each occurrence needs to be

evaluated on the basis of its contribution to protection of the

species. This evaluation is critically important because of a need

to focus limited conservation resources where they will have the

greatest effect. My second recommendation is:

2. The NewEngland conservation community should support

and promote a range-wide approach to conservation plan-

ning for individual plant species by utilizing data and data

structures found in and produced by Natural Rentage pro-

grams in each New England state.

Planning for the conservation of a species requires a coordi-

nated and non-redundant effort on the part of many conservation

players -members of the conservation and academic communi-

ties as wpn .,« r^rw^tP and nublic land managers. My third rec-

ommendation is:

conservation

community should promote use of protection plannmg
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meetings to include, as needed, land managers, conserva-

tionists and scientists capable of significantly contributing

to protection of a species and its habitat. These meetings

should focus on and result in conservation action by iden-

tifying needs, assigning responsibility to specific individuals

and agencies for next-step type actions and tracking progress

toward accomplishing these actions.

Whena decision is made to focus conservation resources on a

particular plant population, a habitat management planning pro-

cess needs to be implemented. This process begins with collection

of all available information/data on the species, the population

of interest, its habitat and the site in general. This information

should be summarized into an ecological model or description of

the life cycle of the species, dynamics of the species and its habitat,

and biotic and abiotic factors affecting them. This model is used

to identify land needing protection attention, to develop specific

measurable conservation goals, to identify information gaps and

research needs, and to guide specific habitat management activ-

ities.

4. The NewEngland conservation and academic communities
should focus resources on applied research that will con-

tribute to our understanding of biotic and abiotic factors

affecting endangered species and their habitats. This work

models

s to determine minimum v
development or refinement

Development of the above ecological model improves our abil-

ity to design sites which are defensible, require minimum man-
agement intervention and provide the best chance for long-term

protection and viability of the population in the context of its

habitat. Site designs should precede any land protection efforts.

5. For all populations of rare plants targeted for in situ con-

servation, whether on nublic or nrivate land, the New En-

conservation community should promote
ment

system
the population and its habitat. These designs should include

maps
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strategies, preliminary habitat management plans and cost

estimates.

Development of concrete measurable conservation goals that

articulate what we are trying to accomplish at a site is necessary,

for we can never determine whether our protection and manage-

ment efforts are successful unless we can articulate what success

is. Site management plans need to be written to document man-

agement policies and actions and the assumptions behind them.

The last step in the habitat management process is development

of biological monitoring programs which will measure our success

at meeting the stated conservation goals, and if necessary lead us

to reevaluate our ecological and management assumptions as well

as the conservation goals themselves. This process leads to my
last four recommendations:

6. For each plant population targeted for in situ conservation

(including reintroduction efforts), measurable conservation

goals should be developed. These goals should be unam-

biguously stated and revolve around one or more parameters

of the population and habitat that best indicate health. Neg-

ative, or "red flag" goals should also be developed which

will warn the land manager that management is not working

m
reevaluated.

management plans

assumptions

the manager is working with, and spell out management

policies and management actions. While no format is pro-

posed, these plans should be dynamic, changing as infor-

mation becomes available.

8. Biological monitoring programs need to be developed at

each site targeted for in situ protection. These monitonng

programs must be documented to ensure long-term conti-

nuity and aimed at collecting the minimum amount of data

needed to evaluate progress at meeting conservation goals.

9. All of the data driving and derived from the planning process

(including the programs, needs, procedures and results ot

biological monitoring, management and research, species

and community dynamics, and results of site designs) should

mana
Programs and their cooperators (e.g., USFWS
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programs have the data structures

manage this information

communication.
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