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Isolated wetlands have received little attention as a specific ecosystem type, yet many development and reg-
ulatory programs affect them. This lack of recognition may stem from their small size, their variable hydrology,
and lack of recognition of their regional significance in the southeast US. In recognition of this problem, and
in response to a US National Research Council recommendation for more research in support of wetland
protection, a group of individuals convened a workshop to discuss information needs and to develop strategies
to protect southeastern isolated wetlands and their biodiversity. Because the organizers perceived a lack of linkage
between researchers and managers, workshop participants included scientists, natural resource managers of
public and private lands, and conservationists.
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Seasonally ponded, isolated wetlands (SPIWs)
in the southeastern Coastal Plain of the United
States are shallow basins that are not connected
to streams or lakes, and their hydrology is pri-
marily driven by rainfall and shallow, subsur-
face, water flow (Hendricks and Goodwin 1952,
Lide et al. 1995). Although SPIWs are conspic-
uous features of the Coastal Plain, their signifi-
cance and contribution to regional biodiversity
have been largely overlooked. These wetlands
support unique communities of plants and an-
imals adapted to cycles of wetting and drying
(Richardson and Gibbons 1993, Kirkman and
Sharitz 1994, Sutter and Kral 1994), and are es-
pecially important habitats for breeding am-
phibians (Moler and Franz 1987, Semlitsch 1987,
LaClaire and Franz 1991, Pechmann et al. 1991,
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Dodd 1992, Dodd and LaClaire 1995, Jensen et
al. 1995, Semlitsch et al. 1996) and invertebrates
(Taylor et al. 1988, Mahoney et al. 1990, Golla-
day et al. 1997) because they typically lack large
fish. Locally, these wetlands also are known as
non-alluvial depressional wetlands, limesink
ponds, Carolina bays, Grady ponds, cypress
ponds, Citronelle ponds, flat-bottom ponds, and
sinkhole ponds. These wetlands somewhat re-
semble other depressional wetlands such as ver-
nal pools and prairie potholes that have been
better recognized in other parts of the country.

Small, isolated wetlands lack the legal protec-
tion afforded riparian or lacustrine wetlands.
Nationwide Permit 26 of the US Army Corps of
Engineers allows wetlands that occur in shallow
basins and that lack connections to streams or
lakes to be filled with no federal review process
if the wetlands are <0.12 ha, and requires min-
imal review if they do not exceed 1.2 ha (Federal
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Register 1996). This regulatory policy has been
controversial (National Research Council 1995,
Kaiser 1998) because, without scientific justifi-
cation, it attributes less ecological importance to
isolated wetlands. The implementation of such
permissive legislation is partially a result of a
fundamental lack of recognition of these wet-
lands’ contribution to the maintenance of re-
gional biodiversity (Semlitsch and Bodie 1998),
and a lack of understanding of basic ecological
processes within these systems. In the absence
of protection, on-going regional development
and agricultural conversion are perpetuating
the cumulative loss of sites that are important
to the maintenance of wetland biodiversity
(Semlitsch and Bodie 1998).

The distribution of these southeastern US
wetlands fits within the former range of the
longleaf pine forest (Ware et al. 1993), which
once dominated the southeastern Coastal Plain.
The remaining longleaf pine forests are frag-
mented, and the associated wetlands are often
surrounded by degraded habitat and isolated
from some important natural processes, such as
fire (Frost 1995, Kirkman 1995, Folkerts 1997).
SPIWs are increasingly affected by agriculture
(e.g., center pivot irrigation, run-off, cultivation),
urbanization, and forest management (Bennett
and Nelson 1990, Folkerts 1997).

Working group

The National Research Council (1995) rec-
ommended that more studies of wetlands be
undertaken to support a stronger foundation for
identification and protection of regionally im-
portant wetlands. The concern was that, in the
absence of scientifically rigorous knowledge to
justify conservation and protection, current reg-
ulatory protection could be undermined and
prevailing threats to SPIWs could even increase.

Thus, a working group was convened 24
April 1997, at the Joseph W. Jones Ecological Re-
search Center (Ichauway) in Newton, Georgia,
with 2 primary objectives: 1) to define infor-
mation needs for the conservation of biodiver-
sity in southeastern SPIWs, and 2) to examine
constraints, opportunities, and strategies for
natural resource management and conservation
relative to maintaining biodiversity on private
and public wetlands. Participants represented
the research community, and public and private
resource management sectors. Participants con-
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ceptualized research and conservation needs of
SPIWs, and identified opportunities for linkages
among interdisciplinary groups. The following
is a summary of the recommendations from the
working group.

Conservation strategies/actions
Classification scheme and inventory of SPIWs

Many communities occur within southeastern
SPIWs and each may differ in functions and val-
ues, necessitating different conservation ap-
proaches. Before identification criteria for res-
toration or protection priorities can be estab-
lished, a classification scheme should be devel-
oped from a region-wide inventory or adapted
from existing schemes (e.g., Florida Natural Ar-
eas Inventory and Florida Department of Nat-
ural Resources 1990). In particular, geographic
range, and geologic and soil factors that may
control hydrologic regimes or biota need to be
considered in a classification scheme, as well as
successional relationships among vegetation
types. Defining meaningful subregions (ie,
geographical stratification) could provide the
basis for formulating regional protection strate-
gies.

Because SPIWs typically are shallow and eas-
ily drained, many have been altered or de-
stroyed by land-use practices. Many SPIWs
large enough to qualify for federal regulatory
protection continue to be degraded or destroyed
because enforcement of wetland regulations is
particularly difficult for these less conspicuous
wetlands (Folkerts 1997) (i.e, they are easier to
ignore, or are often overlooked in wetland in-
ventories). A comprehensive inventory of these
wetlands is presently lacking for the southeast-
ern Coastal Plain. Specific information needs in-
clude: 1) size and distribution by geographical
subunits, 2) ownership (public versus private),
3) adjacent land use (current and projected),
and 4) ecological status (degraded or function-
ally intact). Within each subregion, these wet-
lands should be additionally classified as to
whether they are threatened and/or otherwise
represent high priorities for protection or res-
toration.

Setting priorities

To identify priority wetlands for conservation,
biodiversity functions and values need to be de-
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tailed in the context of surrounding landscapes.
Even though wetlands may provide ecological
functions regardless of surrounding landscape,
current constraints in developing and prioritiz-
ing conservation strategies must be recognized.
For example, incentive programs for land own-
ers may be effective for maintaining targeted
species habitat in an agricultural or forested
landscape, but such programs may not be an
effective tool for protecting isolated habitat in a
fragmented urban setting. Evaluation of the
strengths and weaknesses of regulation and in-
centive programs for land owners is needed be-
fore any comprehensive strategies for conser-
vation can be assembled.

A regional approach, such as gap analysis
(Scott et al. 1993, Kiestor et al. 1996), should be
used to direct protection efforts. This GIS-based
method identifies units in need of protection by
examining distribution maps of the units rela-
tive to the present degree of long-term protec-
tion. Using this technique as a coarse filter, un-
derrepresented units (e.g., SPIW types occur-
ring only on private land or those particularly
vulnerable to loss of biodiversity) could be rec-
ognized and then examined more closely for
their biological qualities and management needs
(Wilson and Peter 1988, Scott et al. 1993).

Criteria for determining the restoration po-
tential of degraded wetlands need to be evalu-
ated so that strategies for region-wide restora-
tion efforts can be focused on wetlands with the
greatest likelihood of recovery. Reference
(benchmark) wetlands should be designated for
defining restoration goals and measuring suc-
cess of restoration efforts (discussed in follow-
ing section concerning information needs). Hy-
drogeomorphic assessments of southeastern de-
pressional wetlands is an on-going, subregional
effort to identify groups of wetlands with sim-
ilar hydrologic and geomorphic characteristics
and functions (L. Justice, Natural Resources
Conservation Service, Athens, Georgia, personal
communication). Indices of ecological function,
expressed relative to reference conditions, will
eventually allow assessments of changes in wet-
lands as a result of restoration (Brinson and
Rheinhardt 1996). These separate efforts need to
be synthesized to obtain a regional perspective.

Education: communicating the importance of
regional protection of SPIWs

The importance of SPIWs as habitat that con-
tributes significantly to regional biodiversity has
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not been clearly communicated. In fact, regional
assessments of the function of these wetlands in
supporting biota have been measured by attri-
butes relative to riparian systems (e.g.,, carbon
export by moving water). As a result, much less
significance may be inferred because SPIWs are
isolated from stream drainages (Rowell et al.
1995). With increasing interest in restoration of
longleaf pine/wiregrass habitats in the south-
east, the opportunity to promote SPIWs as a sig-
nificant part of this species-rich, fire-maintained
ecosystem should be emphasized. Education is
an essential, but often neglected, part of biodi-
versity conservation efforts (Blockstein 1995).
There are many audiences in the southeast that
need to be educated: the general public, land
managers (private, industrial, public), environ-
mental regulators, scientists, students, regional
planning councils, wildlife/conservation advo-
cacy groups, soil and water conservation dis-
tricts, and policy makers. Determining the most
effective communication tools for each group is
a preliminary step toward educating potential
constituents. Immediate approaches should in-
clude: 1) the development of brochures on de-
pressional wetlands for the general public and
private landowners, 2) curricula development
with school teachers, 3) development of short
courses for public and private land managers,
and 4) development of program material for use
by conservation groups.

Best management practices and incentive programs

Many private land managers are willing to
consider management objectives for their lands
that include both commodity production and
conservation objectives. The adoption of best
management practices (BMPs) by foresters has
been an effective method of obtaining voluntary
compliance for protection of streams and other
types of wetlands (Ice et al. 1997). Thus, the de-
velopment of BMPs for forestry operations in
and around SPIWs is suggested and will require
the collective efforts of industrial and private
forest managers, conservation groups, scientists,
and others. Similarly, BMPs for agricultural ac-
tivities that affect these SPIWs should be devel-
oped in conjunction with the US Department of
Agriculture, Natural Resources Conservation
Service.

Although many state and federal incentive
programs targeting wetland conservation are
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available to forest and agricultural landowners,
information supplied to landowners usually is
incomplete because it is supplied according to
agency themes. A centralized information
source covering the numerous incentive pro-
grams currently available to landowners for
wetland conservation or restoration would be
useful.

Information needs

Significant information gaps constrain devel-
opment of management options that effectively
protect SPIWs from detrimental land-use prac-
tices or development of some of the conservation
strategies identified above. These information
needs are outlined in the following section. The
key to protection of wetland biota is under-
standing the biological integrity, i.e, the collec-
tive conditions and processes (Angermeier and
Karr 1994) that determine the system’s ability to
maintain suitable habitat. It is important to re-
solve variation in the system because of anthro-
pogenic interference versus natural fluctuation
in rates of processes (e.g., nutrient cycling, pro-
ductivity) or population dynamics (Pechmann et
al. 1991, Semlitsch et al. 1996).

Hydrology

The physical and biological characteristics of
wetlands are driven by the hydrologic regime
(Mitsch and Gosselink 1993). Hydrologic re-
gimes vary widely among SPIWs; however, re-
lationships between hydrology, other geomor-
phic variables, and community development are
poorly understood. Depth of inundation, depth
to water below ground during dry periods, and
average annual duration and timing of inunda-
tion are controlled primarily by precipitation,
evapotranspiration, shallow groundwater flows
and, in some cases, groundwater exchanges (To-
rak et al. 1991). All of these flowpaths are af-
fected by anthropogenic activities (e.g., ditching,
groundwater withdrawal, vegetation removal,
and increased run-off with urbanization). Thus,
understanding natural hydrologic processes,
anthropogenic influences, and their interactions
is crucial for developing management approach-
es for maintaining long-term functional integ-
rity of various wetland types.
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Biotic assessment of SPIWs

Obligate species.—We know that many species
are highly dependent on SPIWs for all of their
life requisites (e.g., obligate wetland plants) or
during critical parts of their life cycle (e.g,
breeding amphibians). These species include
imperiled vertebrates such as the gopher frog
(Rana capito), striped newts (Notophthalamus per-
stritus), and flatwoods salamander (Ambystoma
cingulatum). 1t is likely that many other species
also are dependent on these ecosystems, includ-
ing invertebrates, algae, and fungi. Identification
of the plant and animal species that are depen-
dent on this ecosystem type and the distribution
of those species are needed.

Facultative or associated species.—Other species
of concern may be associated with the margins
of isolated wetlands (e.g., American chaffseed,
Schwalbea americana L., Kirkman 1998) or use
these habitats facultatively (e.g., migratory wa-
terfowl, songbirds, amphibians and reptiles,
etc., Sharitz and Gibbons 1982). The habitat re-
quirements of these species need to be exam-
ined relative to potential land-use impacts.

Exotic and nuisance species.—Alteration of bi-
otic structure, composition, hydroperiod, and
water quality in SPIWs because of the introduc-
tion of exotic and nuisance species has been
suggested (Folkerts 1997, N. Coile, Florida De-
partment of Agriculture and Consumer Service,
Gainesville, Florida, personal communication).
These observations need to be quantified for
SPIWSs. Based on such results, control and man-
agement strategies for exotic introductions
could be developed.

Species diversity and ecosystem processes

As ecosystems, SPIWs represent a unique
(and often very diverse) association of physical
factors (LaClaire 1995). However, our under-
standing of how the following factors maintain
diversity and ecosystem processes is poor.

Substrate characteristics.—Soil substrate char-
acteristics (e.g., organic matter accumulation,
nutrient retention) generally influence the ability
of plants to root, fire frequency and intensity,
and productivity, which in turn influence vege-
tation structure, fuel loads, and substrates and
nutrients for organisms (Duever 1984). An un-
derstanding of detrital dynamics and how they
can be affected by anthropogenic influences is
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needed. Soil textural profiles may reflect hydro-
logic regimes that relate to biotic community de-
velopment, and may be key to the identification
of reference wetlands for restoration goals.

Importance of fire—Because SPIWs occur with-
in the former range of longleaf pine forests—a
fire-maintained ecosystem—fire likely has been
an important component in development of
SPIW communities (Kushlan 1994, Frost 1995,
Kirkman 1995). The complex interactions of fire
and hydrology are important controls in main-
taining natural plant and animal communities,
although these interactions are poorly under-
stood across regions, landscapes, and soil types.
Information is needed on the impacts to biolog-
ical diversity because of anthropogenic changes
in hydroperiod and potential concomitant
changes in fire regime. Management recommen-
dations that involve prescribed fire in wetlands
require an understanding of the role of fire and
interactions with historical legacies (e.g., timber
removal, altered hydrology, hardwood en-
croachment because of fire suppression). Con-
cerns related to smoke management for public
safety and liability of burning (Wade 1993) need
to be addressed in long-term management
plans.

Degree of isolation and connection.—In addition
to within-wetland diversity (i.e, alpha diversi-
ty), diversity among SPIWs is often high (ie,
beta diversity), even among some with close
spatial proximity (DeSteven and Toner 1997).
The spatial arrangement of these wetlands (i.e,
degree of isolation) in terms of colonization/ex-
tirpation of species is important in developing
conservation strategies and prioritization of wet-
land complexes for protection (Noss 1983, Bur-
key 1989, Semlitsch and Bodie 1998). Informa-
tion on genetic population structure could en-
able us to evaluate the degree of isolation in
these habitats. Isolation may be particularly im-
portant for aquatic animals without active ter-
restrial stages and for plants with poor long-
range dispersal (Semlitsch and Bodie 1998). If
natural extirpations occasionally occur, followed
by recolonization from other SPIWs or other
types of wetlands, strategies that focus on pre-
serving 1 or a few examples of the habitat will
fail to maintain the diversity within these com-
munities. Similarly, because of the diversity
among wetlands, a large number of SPIWs is
necessary to maintain overall regional diversity
of habitat and associated biota.
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Water-quality issues

Acidification—Acidification of SPIWs is be-
lieved to adversely affect breeding success of
gopher frogs (Smith and Braswell 1994) and
perhaps other amphibians and aquatic inverte-
brates. However, discrimination of natural pop-
ulation fluxes and responses to acidification can
be difficult (Pechmann et al. 1991). Understand-
ing causes of acidification and its effects is es-
sential to determining whether changes in man-
agement can minimize the impact on wetland
biota.

Non-point-source pollution.—Non-point-source
pollution (e.g., nutrients, pesticides, sediments)
from adjacent uplands can cause long-term
changes in the water quality and associated bi-
ota of wetlands (National Research Council
1992). Effects of pollutants associated with ag-
riculture, silviculture, and urban land use
should be documented to develop meaningful
BMPs for SPIWs.

Water-quality baseline data.—Because wetlands
vary by vegetation, soil type, and geologic ori-
gin, their water quality is variable (Newman and
Schalles 1990). Information is needed to docu-
ment water-quality differences among relatively
undisturbed wetlands to facilitate classification
and improve evaluation of upland management
impacts.

Management issues

Buffer structure—Naturally vegetated buffers
generally are recognized as necessary within
managed landscapes to protect wetlands and
associated biota from adverse impacts (Low-
rance et al. 1984, Bren 1995, Burke and Gibbons
1995, Comerford et al. 1996); however, the buffer
widths necessary to protect ecological processes
and species are unknown (Semlitsch 1998). For
example, buffer widths to accommodate terres-
trial retreats of reptiles and amphibians may
differ from those necessary to protect ecotonal
plants. As part of BMPs, buffer widths restrict-
ing certain activities need to be assessed (e.g.,
no soil disturbance, no slash piling, no pesticide
application, etc.) relative to specific protection
goals. In addition, management options that
could be implemented within a prescribed buff-
er need to be identified.

Silvicultural practices—Timber in some SPIWs
within the managed forest landscape of the
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southeast will be harvested, particularly for
wetlands dominated by pond cypress (Taxodium
ascendens Brongn.) or slash pine (Pinus elliotii En-
glem.). Management practices that can best
meet the objectives of timber extraction and re-
generation of desired crop trees while maintain-
ing suitable wetland habitat are untested. Vali-
dation of optimal silvicultural prescriptions
(e.g., timing of harvest, site preparation, stock-
ing density, fire, and herbicides) that meet both
objectives are needed to develop BMP recom-
mendations.

Indicators of disturbance—Techniques to rap-
idly assess the degree of degradation associated
with various types of disturbances in SPIWs are
needed. Although the use of indicator species
has gained fairly wide use for stream assess-
ments (USEPA 1990, 1991), the development of
metrics to examine wetland and terrestrial sys-
tems has lagged (Angermeier and Karr 1994).
In particular, there is an acute need to develop
taxa-based metrics that can serve as indicators
of disturbances such as non-point-source run-
off, altered hydrology, or detrimental soil dis-
turbance within SPIWs or in adjacent land-
scapes, and to identify those taxa associated
with undisturbed SPIWs.

Restoration endpoints and techniques—Because
many SPIWs have been negatively affected by
anthropogenic activities, restoration is being at-
tempted on recently acquired public and private
lands for conservation purposes. Other sites are
enhanced as mitigation for wetland impacts
elsewhere (i.e, wetland banking). The develop-
ment of successful and cost-effective approaches
to restoring wetlands is highly desirable. How-
ever, an adequate knowledge of targets for res-
toration, the development of appropriate resto-
ration techniques, and methods to measure res-
toration success are necessary (National Re-
search Council 1992). For functionally similar
wetlands, the determination of a threshold of
species diversity or group of keystone species
necessary to assure recovery of sustainable com-
munity function is critical for effective restora-
tion efforts. To develop criteria for identifying
wetlands with highest potential of restoration
success, indicators of this potential also need to
be quantified.

Monitoring strategies—Monitoring allows eval-
uation of the successes or failures of current
management, and detection of off-site influences
on SPIWs. Monitoring can be very expensive,
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and if conducted improperly, can fail to detect
important changes. Thus, the development of
efficient and cost-effective monitoring tech-
niques is needed, in which measurements rela-
tive to reference SPIWs can be used to assess
the rate and degree of successful accomplish-
ment of targeted goals.

Facilitation of partnerships and multistate
working groups

New partnerships are needed to develop cre-
ative and effective strategies that support posi-
tive outcomes for all the participants. Technical
information transfer needs to be bidirectional
between users and providers. Meaningful an-
swers to management problems require that re-
searchers understand the information needs of
land managers, regulatory agencies, and plan-
ners so they can develop research questions that
address these needs. In turn, the transfer of re-
search findings relevant to management pre-
scription is a key factor for successful applica-
tion of research findings to further conservation
goals. Decisions regarding conservation meth-
ods and regulatory policy of SPIWs will need
to be made in the face of complex, dynamic con-
ditions and uncertainty about key ecological re-
lationships. Therefore, application of scientific
adaptive management, (i.e, the use of iterative
experimentation for the design and implemen-
tation of natural resource and environmental
management policies: Halbert 1993, McLain and
Lee 1996) should be a key component of a re-
gional interdisciplinary effort. In turn, a strate-
gy for communication among each group of
constituents must be identified.

Symposia featuring management issues rela-
tive to biodiversity in SPIWs are recommended
as a method for communication among re-
searchers. Topics may be structured to fit vari-
ous audiences, perhaps focusing on specific pro-
cesses and presented as special sessions at re-
gional and national meetings.

Networking opportunities require communi-
cation among land managers, regulators, and
researchers, and a baseline understanding of the
current status of information sources for SPIWs.
Formalization of a group of persons with inter-
ests in SPIWs is suggested as a means to facil-
itate many of the objectives outlined in this doc-
ument. Organizations such as the Longleaf Al-
liance (R. Johnson, Solon Dixon Forestry Edu-
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cation Center, Andalusia, Alabama, personal
communication) can be examined as potential
models to develop and explore new working re-
lationships. Specific projects planned by the
working group as initial efforts toward this end
include: 1) compiling a bibliography of impor-
tant scientific manuscripts on isolated wetlands
(see website: www.jonesctrorg/research/aquat-
ics/spiw/spiwmain2.htm) that could provide
the impetus for a comprehensive synthesis and
review; 2) developing a directory of expertise in
wetland research /management /conservation
(see above website); 3) maintaining a web site
with summary information on importance/ val-
ues of SPIWs, indexing of funding sources, and
establishing homepage links with other conser-
vation/management organizations; 4) seeking
funds for a regional liaison person to manage
the home page, to develop educational materi-
als, and to develop a repository of wetland
maps; 5) initiating a preliminary assessment of
regional distribution patterns of these wetlands
and identifying focal areas for study; and 6)
compiling information regarding current federal
and state incentive programs for land owners,
and linking information gaps with potential
funding sources.

Conclusions

Recognition of the importance of SPIWs in
maintaining regional biodiversity has been slow
to emerge. Meanwhile, these systems are quietly
disappearing as anthropogenic activities reduce
their ability to support characteristic fauna and
flora. Not only is available scientific information
insufficient to support regulatory decision-mak-
ing, but identification of priorities for protec-
tion/ conservation of these imperiled ecosystems
is difficult given the lack of information on re-
gional distribution and the absence of a classi-
fication scheme. A multidisciplinary working
group developed a basic framework necessary
to initiate a regional approach to ensure the
long-term biological integrity of SPIWs. The ma-
jor components of this conservation framework
focused on 5 activity areas: 1) education, 2) re-
search, 3) protection, 4) private property incen-
tives, and 5) restoration. The recommendations
for strategic coordination of information flow
and identification of information needs are not
applicable exclusively to conservation of biodi-
versity in southeastern SPIWs. However, recog-
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nition of these wetlands as integral and signif-
icant habitats of the once-dominant, longleaf
pine ecosystem in the southeastern US, and the
need to emphasize their roles in maintaining
biodiversity, is uniquely important to the region.
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